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(57) Abstract: Disclosed are compositions for delivering neutron capture agents to cells expressing fibroblast activation protein (FAP),
which composition comprises an FAP binding moiety (FAP-bm) associated (covalently or non-covalently) with a neutron capture agent,
wherein binding of the FAP-bm to FAP on the surface of a cell expressing FAP results in FAP-dependent localization of the neutron
capture agent to tissue expressing FAP.
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FAP-Tarpeted Neutron Capture Agents, and Uses and
Formulations Related Thereto

CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims the benefit of prionity to U.S. Provisioral Application No.

63/270,747, filed Gctober 22, 2021; which is mcorporated herem by reference n its entirety.

ACKGROUND

Fibroblast-activation protein {(FAP), also known as seprase, is a type H integral

membrane serine peptidase. FAP belongs to the dipeptidyl peptidase TV famuly. Hisa 170 kDa
homodimer containing two N-glycosylated subunits with a large C-termunal extracellular
domain, mn which the enzyme's catalytic domain is located. FAP, in its glycosyvlated form, has
both post-prolyl dipeptidyi peptidase and gelatinase activities. Homologues of human FAP

were found in several species, including mice and cynomolgus monkeys.

FAP is expressed sclectively in reactive stromal fibroblasts of more than 90% of
cpithelial malignancies {primary and metastatic) examined, including lung, colorectal, bladder,
ovanan and breast carcinomas, and in malignant mesenchymal cells of bone and soft tissuc
sarcomas, while it is generally absent from normal adult tissues (Brennen et al., Mol Canger
Ther. 11 (2} 257-266 (2012 Garin~Chesa et al, Proc Natl Acad Scit USA R7, 7235-7239
{(1990); Rettig ot al, Cancer Res. 53:3327-3335 (1993); Rettig ot al., Proc Natl Acad Sct USA

85, 3110-3114 (1988}}. FAP 15 also expressed on certain malignant tumor cells,

Due to tis expression in many common cancers and its restricted expression in normal
tissues, FAP is a pronusing antigenic target for imaging, diagnosis, and therapy of a vanety of

cancers. Accordingly, therg 1s an ongoing need for therapies that target FAP.

SUMMARY OF THE INVENTION

The present fovention provides composition for delivering neutron capture agents to
cells expressing fibroblast activation protein (“FAP”), which composition comprises an FAP
binding moiety {an “FAP-bm”) associated (covalently or non-covalently) with a neutron
capture agent, wherein binding of the FAP-bro to FAP on the surface of a cell expressing
FAP results in FAP-dependent localization of the neutron capture agent to HiSSUe expressing
FAP. Optionally, binding of the FAP-bm to FAP alsc canses intracellular wteralization of
the neutron capture agent such that the neotron capture agent is selectively taken up by celis
expressing FAP i a manner dependent on the FAP-bo

In certain embodiments, the neutron capture agent comprises the Boron isotope °B.
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In certain embodiments, the neutron capture agent comprises the Lithium isctope °Li.

in certain embodiments, the neutron capture agent comprises the He isotope “He.

in certain embodiments, the neutron capture agent comprises the Cadmium isotope
1,

In certain embodiments, the neotron capture agent comprises the Samariom isotops
198 m.

In certain embodiments, the neutron capiure agent comprises the Gadolinium isotope
157Gd.

In certain embodiments, the neutron capiure agent comprises Ag (Goldy, such as
PTAg.

In certaim embodiments, the neutron capture agent comprises Hf (Hathium), such ags
VAL, USHE VTHE, TPHE, VOHSE or HE preferably P7HS or 1PHE

In certain embodiments, the neutron capture agent comprises an isotope with a
favorable neutron capture cross soction.

To further ilustrate, 1 certam aspects the present disclosure provides particles, such
as nanoparticies, liposomes, PEG or the like, comprising a neutron capture agent to be
delivered to a coll expressing FAP, and having appended to the patticle one or more FAP

targefing moieties having a structure represented by formulda I

¢ L— (FAP-bm)

V S (D

wherein,

FAP-bm 1s FAPt or FAPD;

FAPi 13 a compound that covalently binds to FAP;

FAPD is a compound that non-covalently binds to FAP; and

L is bind or a linker.

To further illustrate, 1n certain aspects the present disclosure provides one or more
carborane(s) including one or more B atoms having assoctated therewith {covalent or non-

covalently} one or more FAP targeting moieties having a structure represented by formula H:

L — (FAP-bm)

iy

wheretn,
“AP-bm is FAP1L or FAPS;

FAPi is a compound that covalently binds to FAP;
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"APb 13 a compound that non-covalently binds to FAP; and

L 15 bind or a hinker.

To further illustrate, in certain aspects the present disclosure provides ¥'Gd-chelates
or 7G4 oxide nanoparticles having associated therewith {covalently or non-covalently) one
or more FAP targeting moietics having a stracture represented by formuda IT

& L — (FAP-bm)
‘ (i)

wherein,

FAP-bm s FAP1 or FAPh;

FAPI is a compound that covalently binds to FAP;

FAPb is a compound that non-covalently binds to FAP; and

L 18 bind or a hnker,

In certain embodiments, the present disclosure provides gold particles, such as gold
nanoparticies comprising ’Au as a neutron capture agent, and having appended to the
particle one or moore FAP targeting motcties having a structure represented by forowda I

« . ORI s
& L — (FAP-bm)
‘ C (D

wheretn,

FAP-bm is FAPi or FAPh;

FAPi is a compound that covalently binds to FAP,;

FAPb s a compound that non-covalently binds to FAP; and

L. 1s bind or a hnker.

In a further embodiment, the invention comprises methods of concentrating neutrons
in a cell comprising (1) administering the FAP-targeted neutron capture agent to a patient, and

In certain embodiments, the present invention provides a compound of formula §:
X R O

//U\N

R4

oA
RT O 23

®h o,
or a pharmacewiically acceptable salt thercof, whersin:
XisOorS;
R is Hor (Ci-Cs) alkyl;
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R? is H or (C1-Ce) alkyl:

R? is halogen, nitro, cyvano, amino, acvlamino, amido, hvdroxyl, alkoxy, acyloxy,
thiol, alkyithio, alkyl, aralkyl, heteroaralkyl, alkenvi, alkynyl, carbocyelyl, heterocyvelyl, arvl,
or heteroaryi;

1 is an integer selected from 0to 7,

R* is amino, alkoxy. acyloxy, alkyl, aralkyl, heteroaralkyl, atkenvl, alloynvl,
carbocyelvl, heterocvelvi, arvl, or beternaryl; and

R® is a molety comprising at least one boron atom.

In certain embodiments, the present invention provides a compound of formula IE:

R8 (/ )
A
Rgquwp\N)\rNj
R G B
HO

OH - a,

(R1 0)q

or a pharmacewutically acceptable salt thereof, wheremn

A s a 4~ to 7-membered heterocycle;

R7is H or (Ci-Co} alkyl;

R¥is H or (Ci-Cs) alkyl;

Ri%is halogen, nitro, cvano, amino, amido, hydroxyl, alkoxy, arvioxy, acvloxy,
carboxyl, thiol, alkyvithio, arvithio, acyithio, alkyl, alkenyl, alkynvl, carbooycelyl, heterocycelyl,
arvl, or heteroaryl;

g 1s an wteger sclected from 0 to 10, as valency permits;

X' is an alpha amino acid residue, or -XA-XB0C XL wherein each X4 X118 X1
and XY is independently a bond, -C(0)-, ~-CH:C{O)-, alpha amino acid residue, substituted or
unsubstituted (Ci-Ciz) alkylene, substituted or unsubstituted 2 to 12 membered
hetercalkyiene, substituted or unsubstitated ({U3-Ce) cveloalkylene, substituted or
unsubstituted 5 to 8 memberad heterocycloalkylene, substituted or unsubstituted (Co-Us)
arvlene, or substituted or unsubstituted 3 to 8 membered heteroarylene, provided that at least
ong of XA X1B X and X1"1is not a bond;

P 18 an integer selected from O to 3; and

R is a moiety comprising at least one boron atom.

{n certain embodunents, the present invention provides a phammaceutical composition

comprising a compound or composition of the invention.
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In certain embodiments, the present invention provides a method of treating cancer,
comprising administering {0 a patient in need thereof an effective amount of a compound or

coraposition of the mvention,

BRIEF DESCRIPTION OF THE BRAWINGS

Figure 1. Schematic representation of a particle loaded with a neutron capture agent

{in the illustrated example, o-carborane is shown) and decorated with FAP1 or FAPb moieties
which direct the FAP-dependent endocviosis of the particle nto a cells expressing FAP.
Hxemplary particles include liposomes. FAP-bm-decorated neutron capture agents carriers
bind specifically to cell surface expressed FAP, which is overexpressed o fumor stromal cells
and on cancer cells, which leads to siie-specific delivery of FAP-bm-~conjugated particle and
mereases m the concentration of neutron capture agents at the target sife. FAP-bm-based

delivery vehicles get internalized by target cells through FAP-mediated endocvtosis.

Figure 2: Exemplary FAP inhibitor-mediated ipid/iposomal based delivery systems.
{a} Common hipids used n drug delivery. Neutral hipids include cholesterol and cationic lipnds,
including BODAC, DSPC, DSPE, DOPE, DOTAP, and PEG. (b} Lipid/liposome nanoparticie
conjugated to a FAP inbhibitor (d-Ala-boroPro shown by way of example) through a PEG linker.
DODAC, N-N-dicleovi-N N-dimethyl ammonium  chlonde; DOTAP, 1.2-dioleoyl-3-
mmethyvlammontumpropane; DSPC, 1. 2-distearoyl-sn-glveero-3-phosphocholine; DSPE, 1,2-
distearoyiphosphatidyl ethaoolamune; FR, folate receptor, PEG, polyethviene glycol
Liposomes/ipoplexes have proved to be efficient delivery agents for the transport of
chemotherapeutic agents as well as neutron capture agent-based therapeutic agents. Liposomes
arc the vesicular structure, consisting of an amphiphilic phospholipid bilayer. This bilaver
generally allows the encapsulation of the neutron capture agents {chelated 157-Gallodium
complexes shown) into the central agueous space of the liposome. Lipid-based nanoparticles
are associated with several advantages such as low toxicity, biocompatibility, case of
production, and the ability to cucapsulate both hydrophobic and hydrophilic neutron capture
agenis. The use ofa FAP-bm, such as a FAP wnhibitor, as a targeting ligand can be carried out
to create surface modification of liposomes to ensure tumor-specific delivery of neutron
capture agents and result mn enhanced cellular uptake and improved biodistribution in the

targeted FAP-expressing tissue.

Figure 3; Hlustrates on embodiment of a FAPi-mediated chitosan-based nanoparticle

delivery system. {a} a FAP1 moiety is conjugated fo chitosan, OCMS, DEAE. (by FAPI-



WO 2023/069711 PCT/US2022/047424

conjugated  chitosan  nanoparticles. BEAE,  diethylammoethyl, OCMS,  O-

carboxvmethyichitosan.

BETAILED DESCRIPTION OF THE INVENTION

The twmor stroma, which accounts for a large part of the tumor mass. Among the

stroma, 18 a subpopulation of cells known as cancer-associated fibroblasts {CAFs), which are
present in more than 90% of epithelial carcinomas, including pancreatic, colon, and breast
cancer. Cancer-associated fibroblasts feature high expression of FAP, which 1s not detectable
i adult nommal tissue but 1s associated with a poor prognosis m cancer patients. Thus, CAFs

and FAP represent an attractive target for the delivery of diagnostic and therapeutic compounds.

The present mvention provides composition for delivering neutron capture agents to
cells expressing fibroblast activation protein ("FAP”), which composition comprises an FAP
binding moicty {an “FAP-bm™} associated {covalently or non-covalently) with a neutron
capture agent, wheremn binding of the FAP-bm to FAP on the surface of a cell expressing FAP

results in intracellular internalization of the FAP-bm, and with it the neutron capture agent.

o certain embodiments, FAP-bm is FAPL. In certain embodiments, FAP1 covalently
binds to a side chamn of an amine acid 1 an active site of FAP, such as the active site senne. In
certamn embodiments, the covalent bond between FAP: and FAP 1s reversible. In certain
embodiments, the covalent bond between FAPL and FAP is wreversible. In certain
embodiments, FAP1 comprises a moicty which has a Ki for FAP that is at least 10x smaller as
compared to the Ki of prolyl endopeptidase for FAP (EC 342126, PREP). In certan
embodiments, FAPt comprises a motety which has a Ki for FAP that is at least 100x smaller as
compared to the Ki of prolvl endopeptidase for FAP (EC 342126, PREP). In certamn
embodiments, FAP: comprises 3 motety which has a Ki for FAP that is at least 1,000x smaller
as compared to the Ky of proiyl endopeptidase for FAP (EC 3.4.21.26; PREP). In certain
embodiments, FAP: comprises 3 moiety which has a ¥ for FAP that is at least 5,000x smaller
as compared to the Ki of prolyl endopeptidase for FAP (EC 3.4.21.26, PREP). In cortain
embodiments, FAP1 comprises a moiety which has a Ki for FAP that is at least 10,000x smaller
as compared to the Ki of prolvl endopeptidase for FAP (EC 342126, PREP). In cortan
embodiments, FAPi comprises a moiety which has a Ki for FAP that is fess than 10°M. In
certain embodiments, FAPI comprises a moiety which has a Ki for FATP that is less than 107M,
In certain embodiments, FAP1 comprises a moiety which has a Ki for FAP that s less than 1

M. In cortain embodiments, FAPI comprises a motety which has a Ki for FAP that is less than

-6 -
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109M. In certain embodiments, FAP comprises a moicty which has a K for FAP that s less

than 107190

In certain embodunents, FAP-bm s FAPb. In certain embodunents, FAPs forms a
complex with FAP. In certain embodiments, FAPs comprises a moiety which has a Kq for FAP
that is less than 10°°M In certain embodiments, FAP, comprises a moiety which has a Kq for
FAP that is less than 107M. In certain embodiments, FAP, comprises a moiety which has a Kq
for FAP that is less than 10°M. In certain embodirments, FAPs comprises a moiety which has
a Kq for FAP that is less than [0°M. In certain embodiments, FAP, comprises a moiety which

has a Ka for FAP that is less than 107190

In certain embodiments, the FAP1 moiety comprises a structore represented by formula

ia
;\2" { = o~ {;‘%d}hq
§ H Yy f}{* ¥ b
g § ! o :.)
AN A N
-~ ,.f \\\ o =y o \_‘_\\ o
N il {
i i
Ko 3 RF
{ifa
wherein,

R s H or alkyl;

Rz 15 a moiety which covalently binds to a side chain of an aming acid in an active site
of FAP,

Rais Hor alkyl;

Ry, independently for each occurrence, 1s an alkyl, hydroxvyl, amino, or halo;

m s 1-3; and

m is 0-7.

In certain embodiments, the FAP moiety comprises a structure represented by formula
Hb:

-3
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F o S - Ry
Ry (o Rad
tH . o vy
i i
H }
\is .
< Rz
ii1b

wherein,
L 1s a bond or a covalent linker;

R s H or alkyl;

Rz 15 a moiety which covalently binds to a side chain of an aming acid in an active site
of FAP,

Rais Hor alkyl;

Ry 1s alkvl, hydroxyl, anuno, or halo;

RsisQor§;

mis 1-3; and

m is 0-7.

In certain embodiments, the FAP moiety comprises a structure represented by formula
IVa or a pharmaceutically acceptable salt thereof:

R, e e {Ridn
2 i A,
- { SN
{ = - 3 ey
,} N ’:.:;\\ T is\; \,\\__.’
- i £ 1 Tt -
L A | ‘§' §
E i ¥
i {,
Ry 4 Ry
Va
wherein,
R is Hor alkyl;
R2 15 a moiety which covalently binds to a side chain of an amino acid in an active sife
of FAP,

Ra s H or alkvl;

Ru 15, independenily for cach occurrence, alkyl, hydroxyl, amino, or halo; and
g (-7

In certain embodimenis, the FAPI moiety comprises a structure represented by by

formula IVb or a pharmaceutically acceptable sali thercof



WO 2023/069711 PCT/US2022/047424

- . e AW
Rx Ry o N §~2-:2 I
N =t i -~
i : I
L : ) &
o, A 5
~ TN ey S o N S &
ﬁ’ ~ i-:f ~ N E {{uf} ’\‘E\' - \{:
i i {
if;‘:,\’ Q %Q_‘*

Vh
wherein,

L is a bond or a covalent hnker;

Riis Hooralkvl

Rz is a moiety which covalently binds to a side chain of an amino acid in an active site
of FAP;

Rsis H or alkyk;

Ra 18, independently for cach occurrence, alkyl, hydroxyl, amino, or halo;

Rsis O or S and

nis O-7.

In certain embodiments of structures Hia, Hib, 1Va and IVDh above, Ry 158 {(T1-Celalkyl

{c.g., methyl or ethyl).

In certain embodiments of structures Ha, [ilb, TVa and Vb above, Rz is BY'XY?),
N, or formyl; wherein Y! and Y? are cach hydroxyl; or Y! and ¥? together with the boron
atom to which they are attached combine fo forn a moiety which is hvdrolysable to a boronic
acid. In certain embodiments, Y! and Y* together with the boron atom to which they are

attached combine to form a 5- to 8~membered ring. In certain embodiments, Ko 1s B(OH):.

in certain embodiments of stractures IHa, b, IVa and IVh above, Rs is (Ci-Colalkyl

In certain embodiments, Rz is H.

In certain embodiments of structures Hia, b, IVa and IVb above, Rs is (Ci-Cajatkyl

In certain embodiments, Ra 15 halo {e.g., fluonne).
In ceriamn embodiments of structures Hib and IVD above, Rs is O,
In certain embodiments, n or nz 15 2; and Ra s fluorne.
In certain embodiments, nor no is .
In certain embodiments, nis 1.

In certain embodiments, the FAPI moiety comprises a structure ropresented by formula

V o1 a pharmaceutically acceptable salt thereof:
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In certain embodiments, the FAP1 moiety comprises a structore represented by formula

V1 or a pharmaceutically acceptable salt thercof

Vi

in certain embodiments, the linker L is a bivalent linker covalently connects the FAP-
butto an atom of the neutron capture agent to be deltvered. The linker may have a wide vaniety
of lengths, such as in the range from about 2 to about 100 atoms. The atoms used in forming
the linker may be combined 1n all chenucally relevant ways, such as chaing of carbon atoms
forming alkvlene, alkenviene, and alkynylene groups, and the ike; chains of carbon and oxvgen
atorns forming ethers, polvoxyalkvlene groups, or when combined with carbonyl groups
forming esters and carbonates, and the like; chaing of carbon and nitrogen atoms forming
amines, tmines, polvamines, hyvdrazines, hydrazones, or when combined with carbonyvl groups
forming anudes, urecas, semicarbazides, carbazides, and the like; chains of carbon, nitrogen,
and oxygen atoms forming alkoxyvamines, alkoxylamines, or when combined with carbonyl
groups forming urethanes, amino acids, acyloxviamines, hydroxamic acids, and the like; and
others. In addition, it s to be understood that the atoms forming the cham m cach of the
foregoing itlustrative embodiments may be either saturated or unsaturated, such that for
example, alkanes, alkenes, alkvnes, imines, and the like may be radicals that are mchided n
the linker. In addition, it is to be undersiood that the atoms forming the linker may also be
cvelized upon cach other to form divalent cychic structures that fora the linker, including

cycloalkanes, cyelic ethers, eyclic amines, arvienes, heteroarvlenes, and the like m the hinker.

In ancther embodiment, the linker includes radicals that form at least one releasable
linker, and optionally one or more spacer Hinkers. As used herein, the term releasable linker

refers to a linker that mcludes at least one bond that can be broken under physiological
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conditions, such as a pH-labile, acid-labile, base-labile, oxidatively labile, metabolically labide,
biochemically labde, or enzyme-labile bond. It 15 appreciated that such physiological
conditions resulting in bord breaking do vot necessartly include a biological or metabolic
process, and msiecad may include a standard chemical reaction, such as a hvdrolysis reaction,
for example, at physiclogical pH, or as a result of compartmentalization tnto a cellular organelle

such as an endosome having a lower pH than cytosolic pH.

FAP-tarceted Particles

In certain embodiments, the neutron capture agenis is associated with a particle,
preferably a nanoparticle to which the FAP-bm is associated and able to bring about binding
(and preferably mternalization) of the particle inte cells expressing FAP. The neatron capture
agents can be contained within the particle {such as a hposome or hollow nanoparticle}. be a

part of the matrix making up the particle, or associated with the surface of the particie.

To overcome significant barriers in systenuc delivery of neutron captire agents, vanous
organic, inorganic, and polvmeric material-based nanoparticle delivery systems have
developed for the effective delivery of neutron capture agents to the target organ and can be
adapted by dertvation with FAPi and FAPb moisties to provide for the FAP-argeted delivery
of neutron capture agents of the present mvention. See, for example, Draz et al. (2014).
Nanoparticle-mediated  svsienuc delivery of siRNA for treatment of cancers and viral
fections. Theranostics 4:872-892; Babu et al. (2016}, Nanoparticles for siRNA based gene
silencing in tumor therapy. IEEE Trans Nanobioscience 15:849-863; Gary et al. {2007}
Polymer-based siRNA delivery: perspectives on the fundamental and phenomenoclogical
distinctions from polymer-based DNA delivery. § Control Release 121:64-73; Li et al. (2008}
Tumor-targeted delivery of siRNA by self-assembled nanoparticles. Mol Ther 16:163-169;
and Palanca-Wessels et al. (2016}, Antibody targeting facilitates effective mtratumoral stRNA
nanoparticle delivery to HERZ-overexpressing cancer cells. Oncotarget 7:9561-9575, all of
which are incorporated by reference herein. The small size, large surface area, high loading
capacity of neutron capture agents, gasy surface functionalization, and increased stability of
nanoparticle formudations make polvimer-based nanoparticies the efficient delivery platform
for neutron capture agents. Polvmeric nanoparticles such as chitosan (CS}), dendrimers,
cyclodextrin, and nanogels have been emploved for neutron capture agents delivery and include
functional groups amenable to conjugation to FAPi or FAPb moietics. Various synthetic and
natural polvmers have been developed as the nonviral nanostructures for neutron capture agents

delivery, and likewise can be modified to inclade FAP: or FAPb moietics for targeting. Natoral

~ 11 -
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polymers are considered nontoxic, biocompatible, and biodegradable. Several lincar and
branched synthetic cationic polvmers have been reported, which are casy to manufacture, and
possess unique self~assembling property, high stability, and ability to form core sheli-shaped
micelle structure that have chemistnes amenable to chemical modification with FAP: or FAPL

moieties.

Mesoporous silica nanoparticles (MSN} have been used exteosively for varous
biomedical applications as well as m drug debivery. MSN have proved excellent delivery
vehicles for chemotherapeutic drugs and can be readily adapted for delivery of neutron capture
ageots. It 1s associated with several advantages, including hugh surface area, large pore size,
low cviotoxicity, sustained debivery, and flexability in surface modification. See, for example,

Pinese et al. (2018},

Graphene oxide (GO) nanoparticles are another delivery platform that can be adapted
for FAPi or FAPb-meditated targeting. GO nanoparticles possess beneficial properties to act
as a neutron capture agent, including high solubiiity, flexible surface functionalization

propertics, high loading capacity, and photothermal effects.

In other embodiments, the invention provides FAP1 and FAPb targeted dendrimers for
the delivery of peutron capturc agents, alone or in combination with other drug moicties.
Dendrugers are cationie synthetic polvmer-containing bighly syounetrical and branched
polvmeric chains. Dendnimers provide many sites for surface functionahization with FAP and
FAPH moigties, possess vital characteristics such as biocompatibility, provide multivalent

surfaces, and have low polydispersity.

In sull other embodiments, FAP1 and FAPb moicties can be used to functionalize
chitosan particles.  Chutosan is made from repeating units of N-acetyl glucosamine and
glucosamine units having B-1,4 glyveosidic linkage. See, for example, Rudzinski et al. (2010},
Chitosan as a carrier for targeted delivery of smoall wierfering RNA. Tnt J Pharn 399:1-11; and
Sevilla et al. {(2019). Natural polysaccharides for siRNA delivery: nanocarriers based on
chitosan, hvaluronic acid, and thewr derivatives. Molecules 24:2570, both of which are
incorporated by reference horein,

There are a wide range of cationic polvmers that are amendable to conjugation o a
FAP: or FAPb moiety that also be used for the FAP-targeted dehivery of neutron capture agents.
Exemplary copolymers have the ability to form self-assembled vucelle stractures and exhibit

low cytotoxicity, and are generally regarded as nonimmunogenic nature. These polymer-base
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delivery platforms have foond remarkable results for drug/gene delivery. To illustrate, see
Brinkhuis et al. (2011} Polymeric vesicles in biomedical applications. Polym Chem 2:1449-
14: Suo et al. (2017). Folate-decorated PEGviaied tnblock copolvmer as a pH/reduction dual-
responsive nanovehicle for targeted mtracellular co-dehivery of doxorubicin and Bel-2 siRNA.
Mater Scit Eng C Mater Biol Appl 76:659-672; Lehner et al. {(2017). Efficient receptor mediated
siRNA delivery in vitro by folic acid targeted pentablock copolymer-based mucelleplexes.
Biomacromolecules 18:2654-2662; Wang ¢t al. (2019). Engincering multifunctional bicactive
citric acid-based nanovectors for intrinsical targeted tumor imaging and specific siRNA gene
delivery in vitro/in vive. Biomaterials 199:10-21; and Conningham et al. (2020). Cholic acid-
based mixed micelies as sStRNA delivery ageunts for gene therapy. fot § Pharm 578 119078, all

ot which are incorporated by reference herein.

Compounds

In certain embodiments, the present invention provides a compound of formula §:

X R? o)
R4/'ﬂ\r}!)ﬁi/Nj)l\Rfj
R’ (:'}2-\
( (n,

R%),

or a pharmaceoatically acceptable salt thereof, wherein

KisQOor§,;

Rbis H or (Ci-Ce) alkyl:

R? is H or (C1-Ce) alkyl:

R?is halogen, nitro, cyvano, aming, acylamino, amido, hydroxyl, alkoxy, acyloxy,
thiol, alkyithio, alkyl, aralkyl, heteroaralkyl, alkenvl, alkynvl, carbocyelyl, heterocyvelyl, arvl,
or heteroaryi;

1 is an integer selected from 0to 7,

R* is amino, alkoxy, acvioxy, alkyl, aralkyl, heteroaralkyl, atkenvl, alkynvl,
carbocyelvl, heterocyelvl, arvl, or heteroaryl; and

R’ is a moiety comprising at least one boron atom.

In certain embodiments, the compound is a compound of formula L-a:



WO 2023/069711 PCT/US2022/047424

X B @
R4/ﬂ\;\§ : N\/U*\R;)

R' O Ly
(33
(R (I-).

in certain embodiments, X 1s O,

{0 certain emboduments, Rlis H.

In certain embodiments, R? is (C1-Cs} alkyl. In certain embodiments, R? is methyl.

In certain embodiments, RY is halogen, nitro, cvano, amino, acylamino, amido,
hydroxyl, alkoxy, acvloxy, thiol, or alkylthio. In certain embodiments, RY is alkyl, aratkyl,
heteroaralkyl, alkenvl, alkynvl, carboeycelyl, heterocvelvl, aryl, or hetercaryl,

In certam embodimenis, nis &

in certain embodiments, R* is amino, alkoxy, or acrvloxy. In certain embodiments, R
is arviamine or heteroarvlamine. In certain embodiments, RY is pynidinyl.

In certain embodiments, R? is a moiety comprising at least one '°B. In certam

embodiments, R® is a moiety comprising boronophenylalaning, having the structure of

In certain embodiments, RY is a moicty comprising carborane. In certain
embodiments, the carborane is decaborane. In certain embodiments, R is a moiety further
comprising a self-immolative linker. In certan embodiments, the self-immolative linker is

selected from the group consisting of:

- 14 -



WO 2023/069711 PCT/US2022/047424

N\
G uy
(R &
r,:““ O....
’\(_....\7\ \\ \&O /i:i\ Ra‘)m ( H Jm
P Z
O
 CE PO
8 Aoy oS
R : 0 R R R

, and

wherein:

cach R® mdependently s halogen, nitro, cyana, anuno, anudo, hydroxvi, alkoxy,
aryloxy, acyloxy, carboxyl, thiol, alkvlthio, arvithio, acylthio, alkyl, alkenyl, alkynyl,
carbocyelyl, heterocyelyl, arvl, or heteroaryl;

cach RY independently is alkyl, aratky!, heteroaralkyl, alkenyl, atkyvnyl, carbocyelyi,
heterocyclyl, arvl, or heteroaryl;

Yis O, N orS:

i 18 an mieger selected from 0 to 6, as valency permits; and

i is an mteger selected from 1-6.
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In certam embodiments, 1 is 1 or 2. In certain embodiments, the self~immolative
{ Rd)n‘

o s

in certain embodiments, Y 1s N,

hinker is

in certain cmbodunents, mis §.

In certaim embodiments, the present invention provides a compound of formula 1T

R,
et
R9‘”‘\X )p\N/J\H/N\T,/'

HOTTTOH @D,

or a pharmaceutically acceptable salt thercof, wherein

A 1s a 4- to 7-membered heterocvele;

R7 is H or (C1-Ce) alkyl:

R¥is H or (Ci-Co) altkyl:

R1Yis halogen, nitro. cvano, aming, anudo, hydroxyl, alkoxy, arvioxv, acvioxy,
carboxyl, thiol, alkyvithio, arvithio, acvlthio, alkyl, alkenvl, alkynvl, carboevelyl, heterocyelvl,
aryl, or heteroaryl;

g 1s an mieger selecied from 0 to 10, as valency permits;

X' ts an alpha amino acid residue, or XX BXC X0 L wherein cach XA, X8 XI©
and X°P is independently a bond, -C{O})-, -CH({0)-, alpha amino acid residue, substituted or
ansubstitited (C1-Cia) altkylene, substituted or unsubstituted 2 to 12 membered
heteroalkylene, substituted or unsubstituted (Cs-Cs) cycloalkyiene, substituted or
unsubstituted 3 to 8 membered heterocveloalkvlene, substituted or unsubstituted {Cs-Cs)
arylene, or substituted or unsubstituted 5 to 8 membered heteroarviene, provided that at least
one of X4, X8 X'Cand X1"is not a bond;

p 1s an integer selected from 0 to 3; and

R? is a moiety comprising at least one boron atom.

in certain embodiments, R? is H or {C:-Ce) alkyl which is optionally substituted. In
certain embodiments, R® s H. In certain embodiments, RY is unsubstituted (C1-Co) alkyl. In
certamn embodiments, R® is a (C1-Cs) alkyl which is substituted with hydroxyt (-OH).

In certain embodiments, the compound is a compound of formula H-a:

- 16 -
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(R
Re /’f\j '
= A
D :
Rg"(x )pr ; N
9

HO’B“OH {(if-a).
In certain embodiments, the compound is a compound of formala ii-b:

~ (R
25 f,A*\ Ja

N
-7
" Yo Pou (Ii-b).

In certain embodiments, A 18 a S-memberad heterocyele.

In certain embodiments, R7 is H.

In certain embaodiments, R¥ is (C1-Ce) alkyl. In certain embodiments, R® is methyl.

In certain embodiments, g is 0.

In certain embodiments, X! includes a natural or modified alpha amino acid residae.
In certain embodiments, the natural alpha amine acid residue is selected from the group
consisting of Val, Gly, He, Ala, Leu, Met, Phe, Tvr, and Trp. In cortam cmbodiments, the
natural alpha amino acid residue is selected from the group consisting of Val, Gly, and Ala.

In certain embodiments, p is an integer selected from U to 3.In certain embodiments,
each X'4 and X'P is independently -CHoCHRC(O)-, ~-CHC(G)- or -C{0)-. In certam
embodiments, each X'® and X'C is independently a substituted or unsubstituted
cvelohexviene, substituted or unsubstituted phenviene, or 2 to 6 membered hetercalkylene.
In certain embodiments, each X!* and X'V is independently -CHCHC(O)-, -CHC(0O)- or -
C{0)~; and each X'® and X' is mdependently a substituted or unsubstituted cyclohexviene,
substituted or unsubstituted phenylene, or 2 to 6 membered hetercalkylene. In certam
embodiments, X' is -CH2CH2((O)-, -CH:C(O)- or -C{0)-. In certain embodiments, X5,
X% and X'P is independently a bond or amino acid residue wherein at feast one of X'B, X!¢
and X’P s not a bond. In certain embodiments, X' is -CHzCHC(O)-, -CHC{O)- or -C(O)-
cand XPB) X1 and X'P is independently a bond or amine acid residue wherein at least one of
N1B X1€ and X'P is not a bond.

{n certain embodiments, X is -CHoCH:C(O)-. Tn certain cmbodiments, X s -
CHC(O)-. In certain embodiments, X' 15 -C{0)-. In certain embodiments, X'V is -
CHOHRO(O)-. In certain embodiments, X2 is «CHC(0)-. In certain embodiments, X0 is -
C{O)-. In certain embodiments, X'B is a substituted or unsubstituted cyclohexviene. In

certain embodiments, X8 is substituted or unsubstituted phenylene. In certain embaodiments,
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X' is 2 to 6 membered hetercalkylene. In certain embodimenis, X' is a substitated or
unsubstituted cyvelohexylene. In certain embodiments, X'C is substituted or unsubstituted
phenvlene. In certain ernbodiments, X! is 2 to 6 membered heteroalkylene,

In certain embodiments, X! is

*

@)\’é
ool
N~y
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S
S~

N
H

o certain embodiments, X'® is a bond. In certain embodiments, ¥'F is amino acid
residue. In certain embodiments, X'V is a bond. In certain embodiments, X'© is amino acid
residue. In certain embodiments, X'V is a bond. In certain embodiments, X' is amino acid
residue.

In certain embodinents, X! is
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N
in certain embodiments, X' 1s -C{0)- and X' is unsubstituted C1-Ca alkylene. In

certain embodiments, X7 is -C{0) and X is unsubstituted C1-Cs alkylene.
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In certain embodiments, X' 1s

o .
*‘f\/lkrés or ‘z%/’\\//b*\ssf }

in certain embodiments, RY s a moiety comprising at least one B, In certain
embodiments, R is a molety comprising carborane. In certain embodiments, the carborane is
decaboranc.

In certain embodiments, the boron atom of the boronic acid comprises a greater than
natural abundance of 1°B. In certain embodiments, the boron atom of the boronic acid
comprises at least about 25% B, In certain embodiments, boron atom of the boronic acid
comprises at least about 30% VB,

Exemplary compounds having Formula (i1} or (H-a} may include, but arc not limited

to:
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In certain embodiments, the present invention provides a pharmaceutical composition
comprising a compound or composition of the invention.

In certain embodiments, the present invention provides a method of treating cancer,
comprising administering to a patient in need thereof a compound or composition of the
inventicn. In certain embodiments, the method comprises irradiating the patient with
neutrons. In certain embodiments, the cancer 1s selected from hing cancer, colorectal cancer,
bladder cancer, ovarian cancer, breast cancer, bone cancer and soft tissue sarcoma.

In certain embodiments, the present invention provides a method of concentrating
neutrons in a ccll comprising (1) administering a compound or composition of the imvention to
a patient, and (11} irradiating the patient with neutrons,

Pharmaceutical Commpositions

The compositions and methods of the present invention may be ublized to {reat an
individual 1n need thereof In certain embodiments, the individual 1s a mammal such as a
human, or a non-buman mammal. When adminustered to an amimal, such as a buman, the
composition or the compound is preferably administered as a pharmaceutical composition

comprising, for example, a compound of the imvention and a pharmaceutically acceptable

-6 -



WO 2023/069711 PCT/US2022/047424

carrier. Pharmaceutically acceptable carniers are well known in the art and mchude, for example,
agueous sohutions such as water or physiclogically buffered saline or other solvents or vehicles
such as glveols, ghveerol, oils such as olive oil, or injectable orgamic esters. In preferred
embodiments, when such pharmaceutical compositions are for human administration,
particularly for mmvasive routes of administration {1.¢., routes, such as injection or implantation,
that circumvent transport or diffusion through an epithelial barrier), the agucous solution is
pyrogen-free, or substantially pyrogen-free. The excipients can be chosen, for example, to
cttect delaved release of an agent or to selectively target one or more cells, tissues or organs.
The pharmaceutical composition can be in dosage unit form such as tablet, capsule (nclading
sprinkle capsule and gelatin capsule), gramule, Ivophile for reconstitution, powder, solution,
syrup, suppository, mjection or the like. The composifion can also be present 1n a transdermal
delivery system, e.g., a skin patch. The composition can also be present in a solution suitable
for topical administration, such as a lotion, cream, or ointment.

A pharmaccutically acceptable carrier can contain physiologically accepiable agents
that act, for ¢xample, 1o stabilize, increase solubility or to mncrease the absorption of a
compound such as a compound of the mvention.  Such physiclogically acceptable agents
include, for example, carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such
as ascorbic acid or glutathione, chelating agents, low molecular weight proteins or other
stabilizers or excipients. The choice of a pharmmaceutically acceptable carrier, including a
physiclogically aceeptable agent. depends, for example, on the route of administration of the
composition. The preparation or pharmaceutical composttion can be a selfemulsifying drug
delivery system or a selfmicroemulsifying drug debivery svstem.  The pharmaceutical
composition {preparation) also can be a liposome or other polymer matrix, which can have
incorporated therein, for example, a compound of the invention. Liposomes, for example,
which comprise phospholipids or other lipids, are nontoxic, physiologically acceptable and
metabolizable carriers that are relatively simple to make and administer.

The phrase "phammacecutically acceptable” is emploved herein to refer to those
compounds, materials, compositions, and/or dosage forrs which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irrifation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically acceptable carmer” as used herein means a
pharmaceutically acceptable matenal, composifion or vehicle, such as a higuid or solid filler,

diluent, excipient, solvent or encapsulating material. Each carrier must be "acceptable” in the
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sense of being compatible with the other ingredients of the formulation and not inpurious to the
patient. Some examples of materials which can serve as pharmaceutically acceptable carriers
include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch and
potato starch; (3} cellulose, and its derntvatives, such as sodium carboxymethyl cellulose, ethyl
celhulose and celhidose acetate; (4} powderad tragacanth; (3) malt; (6) gelatin; {73 tale; (8)
gxcipicnts, such as cocoa butter and suppository waxes; (9) oils, sach as peamut oi, cottonseed
oil, saffiower oil, sesame o1l, olive oil, com oil and sovbean oil; (10} glvcols, such as propylene
glveol; (11} polyols, such as glveerin, sorbitol, mannitol and polvethvlene glveol; (12) esters,
such as ethyl oleate and cthyi laurate; (13} agar; (14) buffering agents, such as magnesium
bydroxide and alununum hydroxade; (13) alginie acid; (16} pvrogen-free water; (17) isotonic
saline; (18} Rimger's sohution; {19) ethyl aleohol; (20) phosphate butfer solutions; and (21} other
non-toxic compatible substances employed in pharmaceutical formulations,

A pharmaceutical composition {preparation) can be administered to a subject by any of
a number of rouwtes of admnistration jncluding, for example, orally (for example, drenches as
i agueous or non-agueocus solutions or suspensions, tablets, capsules (ncluding sprinkle

grames, pastes for application to the

L]

capsules and gelatin capsules}), boluses, powders
tongue);, absorption through the oral mucosa {e.g., sublingually), subcutancously;
transdermally {(for example as a patch apphied to the skin); and topically (for example, as a
cream, ointment or spray applied to the skin}. The compound may also be formulated for
inhalation. In cortain embodiments, a compound may be simply dissolved or suspended n
sterile water. Details of appropriate routes of administration and compositions suitable for
same can be found n, for example, U.S. Pat. Nos. 6,110,973, 5,763,493, 5,731,000, 5,541,231,
5,427,798, 5,358,970 and 4,172 896 {all meorporated by reference}, as well as in patents cited
therein,

The formulations may conveniently be presented in umit dosage form and may be
prepared by any methods well known in the art of pharmacy. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of admistration. The amount of
active mgredient that can be combined with a carrier material to produce a single dosage form
will generally be that amount of the compound winch produces a therapeutic effect. Generally,
out of one hundred percent, this amount will range from about T pereent to about ninety-nine
percent of active ingredient, preferably from about 5 percent to about 70 percent, most

preferably from about 10 percent to about 30 percent.
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Methods of preparing these formalations or compositions include the step of bringing
into association an active compound, sach as a compound of the invention, with the carrier and,
optionally, one or more accessory mngredients. In general, the formulations are prepared by
uniformly and mtimately brmging into association a compound of the present imvention with
tipud carriers, or finely divided solid carriers, or both, and then, f necessary, shaping the
product.

Formulations of the invention suitable for oral adeumistration may be in the form of
capsules {including sprinkle capsules and gelatin capsules), cachets, pills, tablets, lozenges
{using a flavored basis, usually sucrose and acacia or tragacanth}, lvophile, powders, granules,
ot as a solution or a Suspension in an aguenus or non-agqueous lwquid, or as an oil-in-water or
water-in-oil hquid emulsion, or as an clixar or syrup, or as pastilles (using an mnert base, such
as gelatin and glveerin, or sucrose and acacia) and/or as mouth washes and the bike, cach
containing a predetermined amowd of a compound of the present invention as an active
gredient. Compositions or compounds may also be admiunustered as a bolus, clectuary or
paste.

To prepare solid dosage forms for oral administration {capsules (including sprinkle
capsules and gelatin capsules), tablets, pills, dragecs, powders, granules and the like}, the active
ingredient 18 mixed with one or more pharmaceutically acceptable camers, such as sodiam
citrate or dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as
starches, lactose. sucrose, glucose, mannitol, and/or silicic acid; {2} binders, such as, for
exaraple, carboxymethvicellulose, alginates, gelatin, polyvinyl pvrrolidoune, sucrose and/or
acacia; {3) humectants, such as glveerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (3}
sohition retarding agents, such as paraffin; {6} absorption accelerators, such as quaternary
ammomum compounds; (7} wetting agents, such as, for example, cety! aleohol and glycerol
moncstearate; (8} absorbents, such as kaolin and bentonite clay; {93 lubricants, such a talg,
calcium stearate, magnesium stearate, solid polyethviene glyeols, sodivm lauryi suifate, and
moixtures thereof, (10} complexing agents, such as, modified and unmodified cvclodextriog;
and (11} coloring agents. In the case of capsules (ncluding sprinkle capsules and gelatin
capsules), tablets and pills, the pharmaceutical compositions may also comprise buffering
agents. Solid compositions of a similar type may also be emploved as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or mulk sugars, as well as high molecular

weight polvethviene glveols and the like.
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A tablet may be made by compression or moldmng, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example, gelatin
or hydroxypropylmethyvl cellulose), hubricant, mert dilucot, prescrvative, disintegrant (for
example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose}, surface-
active or dispersing agent. Molded tablets may be made by molding in a suitable machine a
mixture of the powdered compound moistened with an mert hquid diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions, such as
dragees, capsules (including sprinkle capsules and gelatin capsules), pills and granules, may
optionally be scored or prepared with coatings and shells, such as enteric coatings and other
coatings well known m the pharmaceutical-formulating art. They may also be formulated so as
to provide slow or controlled release of the active mgredient therein using, for example,
hydroxypropyimethyl celludose in varying proportions to provide the desired release profile,
other polvmer matrices, liposomes and/or microspheres. They may be sterilized by, for
exaraple, filtration through a bactena-retaining filter, or by mecorporating sterilizing agents n
the form of sterile solid compositions that can be dissolved in sterile water, or some other sterile
imjectable mediym immediately before use. These compositions may also optionally contain
opacifying agents and may be of a composition that they release the active ingredient(s) ondy,
or preferentially, in a certain portion of the gastromtestinal tract, optionally, in a delayved
manner. Examples of embedding compositions that can be used inchide polymeric substances
and waxes. The active mngredient can also be m nuicro-encapsulated form, if appropriate, with
one or more of the above-described excipients.

Liguid dosage forms useful for oral admimstration include pharmaceutically acceptable
emulsions, lvophiles for reconstitution, mucroemulsions, solutions, suspensions, syrups and
clixirs. fo addition to the active ingredient, the hiquid dosage forms may countain inert diluents
commonly used in the art, such as, for example, water or other solvents, cvclodexinns and
derivatives thereof, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcshol, benzyl benzoate, propylene glycol, 1,3~
butylene glycol, oils (in particular, cottonseed, groundnut, com, germ, olive, castor and sesame
oils), glyeerol, tetrahvdrofuryi aleohol, polvethviene glveols and fatty acid esters of sorbitan,
and mixtares thercof.

Besides mert diluents, the oral compositions can also include adjuvants such as wetfing
ageuts, enmulsifving and suspending ageuts, sweetening, flavoring, coloring, perfuming and

preservative agents.
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Suspensions, in addition to the active compounds, may contain suspending agents as,
for example, ethoxvlated isostearyl alcohols, polyoxyethyiene sorbitol and sorbitan gsters,
microcrystalline celivlose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, and
mixtures thereof

Dosage forms for the topical or transdermal administration mclude powders, sprays,
olatments, pastes, creams, lotions, gels, solutions, patches and wdhalants. The active compound
may be mixed under sterntie conditions with a pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propeliants that may be required.

The cintments, pastes, creams and gels may contain, in addition 1o an active compound,
excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth,
cellulose denvatives, polyethviene glveols, sithicones, bentonies, silicic acid, tale and zine
oxide, or mixiures thereof.

Powders and sprays can contain, in addition 1o an active compound, cxcipicnts such as
lactose, tale, sihicic acid, aluminmum bydroxide, calcwre silicates and polyvamide powder, or
mixtures of these substances. Sprays can additionally contam customary propetlants, such as
chloroflaorchydrocarbons and volatile wnsubstituted hydrocarbons, sach as butane and
propane.

Transdermal patches have the added advantage of providing controlled dehivery of a
compouond of the present invention to the body. Such dosage forms can be made by dissolving
or dispersing the active compound in the proper medium. Absorption enhancers can also be
used to increase the flux of the compound across the skin. The rate of such flux can be
controlled by either providing a rate controlling membrane or dispersing the compound in a
polvmer matrix or gel.

The phrases "parenteral administration” and "administered parenterally” as used herein
means modes of administraion other than enteral and topical admimstration, usually by
injection, and inclades, without limitation, intravenocus, intramuscular, intragrtenial, mtrathecal,
intracapsular, intraorbital, infracardiac, miradermal, intraperitoncal, tranmstracheal,
subcutaneous, subcuticular, mtraarticular, subcapsular, subarachnoid, intraspinal and
mfrasternal injection and infusion. Pharmaceutical compositions suitable for parenteral
administration comprise one or more active compounds in combination with one or more
pharmaceutically acceptable sterile isoionic agueous or nonagueous solutions, dispersions,
suspensions or eraulsions, or sterile powders which may be recoustituted 1uto sterile tjectable

solutions or dispersions just prior to use, which may contam antioxidants, buffers, bacterniostats,
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solutes which render the formulation isotonic with the blood of the intended recipient or
suspending or thickening agents.

Examples of suitable agqueous and nonagueous carrers that may be emploved i the
pharmaceutical compositions of the invention include water, ethanol, polvols (such as glyeerol,
propylene glveol, polvethvlene glycol, and the Bike), and suitable mixtarcs thereof, vegetable
oils, such as olive oil, and injectable organic esters, such as ethyi cleate. Proper fluidity can be
maintained, for cxample, by the use of coating materals, such as lecithin, by the mamtenance
of the required particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
craulsifying agents and dispersing agents. Prevention of the action of microorganisms may be
ensured by the mclusion of various antibactenial and antifungal agents, for example, paraben,
chlorobutancl, phenol sorbic acid, and the like. It may also be desirable to mnclede isotonic
agents, such as sugars, sodium chlonide, and the hke mfo the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form may be brought about by the
melusion of agents that delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to siow the
absorption of the dmg from subcutancous or intramuscular injection. This may be
accomplished by the use of a hiquid suspension of crystalline or amorphous material having
poor water solubibity. The rate of absorption of the drug then depends apon its rate of
dissolution, which, in turn, may depend upon crystal size and crystalline form. Abernatively,
delaved absorption of a parenterally administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsulated matrices of the sabject
compounds 1n biodegradable polymers such as polviactide-polyglyeolide. Depending on the
ratio of drug to polymer, and the nature of the particular polvmer emploved, the rate of drug
release can be controlled. Examples of other biodegradable polvmers include poly(orthoesters)
and poly{anhydrides). Depot injectable formulations are also prepared by entrapping the drug
in liposomes or microemulsions that are compatible with body tissue.

For use n the methods of this mvention, active compounds can be given perse oras a
pharmacentical composition containing, for example, 0.1 to 99.5% (more preferably, 0.5 to
90%) of active ingredient in combination with a pharmaceutically acceptable carrier.

Methods of introduction may also be provided by rechargeable or biodegradable
devices. Vanous slow release polvmeric devices have been developed and tested in vivo n

recent years for the controlied delivery of drugs, including proteinaceous biopharmaceuticals.
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A variety of biscompatible polymers (including hydrogels), including both biodegradable and
non-degradable polymers, can be used to form an implant for the sustained release of a
compound at a particular target stic.

Actual dosage levels of the active ingredients in the pharmaceutical compositions may
be varied so as to obtain an amount of the active mgredient that s effective to achieve the
desired therapeutic response for a particular patient, composition, and mode of administration,
without being toxic to the patient.

The sclected dosage level will depend upon a variety of factors including the activity
of the particular compound or combination of compounds employed, or the ester, salt or amide
thercof, the route of administration, the tune of adounistration, the raic of excretion of the
particular compound(s} being emploved, the duration of the treatment, other drugs, compounds
and/or materials used in combination with the particular compound(s} erpioved, the age, sex,
weight, condition, general health and prior medical history of the patient being treated, and hke
factors well known in the medical arts,

A physician or veterinanian having ordinary skill in the art can readily determine and
prescribe the therapeutically effective amount of the pharmaceutical composttion required. For
example, the physician or veterinarian could start doses of the pharmaceutical composition or
compound at levels lower than that required 1n order to aclueve the desired therapeutic effect
and gradually mncrease the dosage until the desired effect is achieved. By “therapeutically
offective amount” is meant the concentration of a compound that is sufficient to elicit the
destred therapeutic effect. | is generally understood that the effective amount of the compound
will vary according to the weight, sex, age, and medical history of the subject. Other factors
which influence the effective amount may include, but are not hmited to, the seventy of the
patient's condition, the disorder being treated, the stability of the compound, and, if desired,
another type of therapeutic agent being administered with the compound of the mvention. A
larger total dose can be delivered by multiple admimistrations of the agent. Methods to
determine efficacy and dosage are known to those skilled in the art (Isseibacher et al. (1996}
Harrison’s Principles of Internal Medicine 13 ed., 1814-1882, hercin incorporated by
reference).

In general, a suitable daily dose of an active compound used 1n the compositions and
methods of the mvention will be that amount of the compound that 1s the lowest dose effective
to produce a therapeutic offect. Such an effective dose will generally depend upon the factors

described above.
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If desired, the effective datly dose of the active compound may be administered as onge,
two, three, four, five, six or more sub-doses administered separately at appropriaie mtervals
throughowt the day, opticnally, 1 unit dosage forms. In certam embodiments of the present
nvention, the active compound may be adounistered two or three times daily. In preferred
embodiments, the active compound will be administered once daily.

The patient receiving this treatment 15 any animal in need, mcluding primates, in
particular humans; and other manunals such as equines, cattle, swine, sheep, cats, and dogs:
poultry; and pets m general.

In certain embodiments, compoands of the nvention may be used alone or conjointly
admiustered with another tyvpe of therapeutic agent.

The present disclosure ncludes the use of pharmaceutically acceptable salts of
compounds of the mvention in the compositions and methods of the present wvention. In
certain embodiments, contemplated salis of the invention include, but are not limuted to, alkyl,
dialleyl, tralkyl or tetra-alkyl anmvmonivm salts. fn cerfain emboduments, contemplated salis of
the mvention include, but are not himuted to, L-arginine, benenthamine, benzathine, betane,
calcium hydroxide, choline, deanol, diethanclaming, dicthyvlamine, 2-(dicthylamine)ethanol,
cthanolamsine, cthylencdiamine, N-mocthvlghucamine, hvdrabamine, 1H-tmidazole, Hthium, L-
tvsine, magnesium, 4-(Z-hvdroxyethyvlymorpholine,  piperazine, potassium,  1-(2-
hydrosyethyDpyrrolidine, sodivm, tricthanolamine, tromethamine, and zinc salts. In certain
embodiments, contemplated salts of the mvention include, but are not limuted to, Na, Ca, K,
Mg, Zn or other metal salts. In certain embodiments, conterplated salis of the invention
mclude, but are not lmited to, 1-hydroxy-2-naphthoic acid, 2. 2-dichlorcacetic acid, 2-
hydroxyethanesulfonic actd, 2-oxoglutaric acid, 4-acetamidobenzoic acid, 4-aminosalicvlic
acid, acetic acid, adipic acid, l-ascorbic acid, l-aspartic acid, benzenesuifonic acid, benzoic
acid, (+)}camphoric acid, {(+}-camphor-10-sulfomc acid, capric acid {decanoic acid), caproic
acid (hexanoic acid), caprylic acid {octanoie acid), carbonic acid, cinnamic acid, ¢itric acid,
cyclamic acid, dodecyisuifuric acid, ethane-1,2-disulfonic acid, othanesulfonic acid, formic
acid, fumarnc acid, galactanic acid, gentisic acid, d-ghuccheptonic acid, d-gluconic acid,
d-glucuronic acid, glutanic acid, ghataric acid, glveerophosphoric acid, glveolic acid, hippuric
acid, hvdrobromic acid, hydrochloric acid, isobutyric acid, lactic acid, lactobionic acid, lanric
acid, maleic acid, l-malic acid, malonic acid, mandelic acid, methanesulfonic acid |
naphthalene-1,5-disutfonic acid, naphthalene-2-sulfonic acid, nicotinie acid, nitric acid, oleic

acid, oxalic acid, palmitic acid, pameic acid, phosphoric acid, proprionic acid, I-pyroglutamic
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acid, salicvhic acid, sebacic acid, sieanc acid, succinic acid, sulfuric acid, Iartaric acid,
thiocvanic acid, p-toluenesulfonic acid, trifluoroacetic acid, and undecylenic acid acid salis.

The pharmaceutically acceptable acid addition salts can also exist as various solvates,
such as with water, methanol, cthanol, dimethviformannde, and the hke. Mixtures of such
solvates can also be prepared. The source of such solvate can be from the solvent of
crystallization, inherent in the solvent of preparation or crystallization, or adventiticus to such
solvent.

Wetting agents, emulsifiers and lubricants, such as sodium lauwryl sulfate and
magnesiam stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present n the
COmposiiions.

Examples of pharmmaceutically acceptable antioxidants include: (1) water-soluble
antioxidants, such as ascorbic acid, cysteine hvdrochlonide, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the bke; (2} oil-soluble antioxidants, such as ascorbyl
palmitate, butvlated hydroxyanisole {BHA), butviated hvdroxytoluene (BHT), lecithin, propyl
gallate, alpha-tocopherol, and the like; and (3} metal-chelating agents, such as citric acid,
cthvienediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the hike.

Defimtions

Unless otherwise defined herein, scientific and technical torms used in this application
shall have the meanings that arc commonly undersicod by those of ordinary skill in the art.
Generally, nomenclature used in connection with, and techmgues of, chemustry, cell and tissue
culture, molecular biology, cell and cancer biclogy, neurobiology, neurochemistry, virclogy,
immunology, microbiology, pharmacology, genctics and protein and neuiron capture agents

chenustry, described herein, are those well known and commonly used 1o the art,

The methods and techruiques of the present disclosure are generally performed, unloss
otherwise indicated, according to conventional methods well known m the art and as descubed
m various general and more specific references that are cited and discussed throughout this
spocification. See, ¢.g. “Principles of Neoeral Science™, McGravw-Hill Medical, New York, NY.
(2000}, Motulsky, “Intuitive Biostatistics”, Oxford University Progs, Inc. (1995); Lodish et al |
“Molecular Cell Biology, 4th od.”, W. H. Freeman & Co., New York {2000); Griffiths ¢t al.,
“Introduction to Genetic Analvasis, Tthed”, W H. Freeman & Co., NY. (1999} and Gilbert et

al , “Developmental Biology, 6th ed.”, Sinaver Associates, Inc, Sunderland, MA (2000},
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Chemistry terms used herein, unless otherwise defined heremn, are used according to
conventional usage in the art, as exemplified by “The MeGraw-Hill Dictionary of Chemical

Terms”, Parker 8., BEd., McGraw-~Hill, San Francisco, C.A. {1985),

As used herein, the term “alkyl” refers to saturated aliphatic groups, inchiding but not
timited to C1-Cro straighi-chain alkyi groups or {-Cro branched-chain alkyi groups. Preferably,
the “alkvl” group refers to C1-Cs straight-chain alkvl groups or Ci-Cs branched-chain alkyl
groups. Most preferably, the “alkyl” group refers to Ci-Ca stravght-chain alkyl groups or Ci-Cs
branched-chain alkyi groups. Examples of “alkyi” include, but are not limited to, methyl, ethyl,
I-propyl, 2-propyvl, n-butyl, sec-butyl, tert-butyl, 1-pentyl, Z-pentyl, 3-pentyl, neo-pentyl, 1-
hexyl, 2-hexyl, 3-hexyl, T-heptvl, 2-heptyl, 3-heptyl, 4-heptvl, T-octyl, Z-octyl, 3-octyl or 4-
octyvl and the like. The “alkyl” group may be optionally substituted.

The term “acyl” is art-recognized and refers to a group represented by the general
formula hydrocarbytC{O)-, preferably alkvIC(G)-.

The term “acylanuno” is art-recognized and refers to an aninoe group substituted with
an acyl group and may be represented, for example, by the formuda hydrocarbyvIC{O)NH-.

The term “acyloxy” s art-recognized and refers to a group represented by the general
formula hydrocarbviC{OY0-, preferably alkyviC{OY0-

The term “alkoxyv” refers to an alkyl group having an oxygen attached thercto.
Representative alkoxy groups inchide methoxy, ethoxy, propoxy, tert-butoxy and the like.

The term “alkoxyalky!” refers to an alkyl group substituted with an alkoxy group and
may be represented by the general formmla alkvl-O-alkyl

The term “alkyl” refers to saturated aliphatic groups, mchuding straight-chain alkyl
groups, branched-chain alkyl groups, cycloalkyl {(alicychie} groups, alkvl-substituted
cyeloalkyl groups, and cyvcloalkyl-substituted alkyl groups. In prefered embodiments, a
straight chain or branched chain alkyl has 30 or fewer carbon atoms in it backbone (e.g., Ci-
10 for straight chains, Cs.a0 for branched chains), and more preferably 20 or fower.

Morcover, the term “alkyl” as used throughout the specification, exaraples, and claims
13 mtended to mclude both unsubstituted and substituted alkyl groups, the latter of which refers
to alky! moietics having sobstituents replacing a hydrogen on one or more carbons of the
bydrocarbon backbone, including haloalkyl groups such as triflucromethyl and 2.2.2-
trifluorocthvi, etc.

The term “Csy” or “Ce-{y7, when used in conjunction with a chemical moiety, such as,

acvl, acyloxy, alkyl, alkenyi, alkvnyl, or alkoxy 1s meant to include groups that contain from x

- 36 -
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to v carbons 1 the chain. Co alkyl indicates a hydrogen where the group is in a terminal
position, 2 bond if internal. A Cigalkyl group, for example, contains from onc o six carbon
atoms in the chain.

The term “alkyvlamino”, as used herein, refers to an amino group substituted with at
least one alkyl group.

The term “alkylthic”, as used herein, refers to a thiol group substituted with an alkyl
group and may be represented by the general formmla alkyls-

The term “anide”, as used herein, refers to a group

9]
R
A
R':Q
>
wherein R” and RY cach independently represent a hydrogen or hydrocarbyl group, or
R” and R taken together with the N atom o which they are attached complete a heterooycle
having from 4 fo 8 atoms n the ring structare.
The terms “amine” and “amino” are art-recognized and refer to both unsubstituted and

substituted amines and salts thereof, ¢.g., a moiwety that can be represented by

o g
.FR %&- .
é—»—-;\g\ or gm,qu--gﬂ
RT'C' R}Q*

wherein R?, R, and RY” cach independently represent a hydrogen or a hydrocarbyl
group, or R? and R*C taken together with the N atom to which they are attached complete a
heterocycle having from 4 to R afoms in the ring structure.

The term “anunoalkyl”, as used herein, refers to an alkyl group substituted with an
amino group.

The term “aralkyl”, as used herein, refers to an alkyl group substituted with an aryl
group.

The term “aryl” as used herem include substituted or unsubstituted single-ring aromatic
groups in which each atom of the ring is carbon. Preferably the ring is a 3- to 7-membered
ring, more preferably a 6-membered ring. The term “aryl” also includes polycychic vng
gysterns having two or more cyelic rings in which two or more carbons are commeon 10 two
adjoining rings wherein at least one of the rings is aromatic, ¢.g., the other cychic nings can be
cycloalkyis, cveloalkenyls, cyveloalkyvnyls, aryls, hetercaryls, and/or heterocvelvls,  Arvt
groups include benzene, naphthalene, phenanthrene, phenol, aniline, and the like.

The term “carbamaie” is art-recognized and refers to a group
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wherein R’ and R' independently represent hvdrogen or a hydrocarby! eroup.

The term “carbocvelvlalkyvl”, as used herein, refers to an alkyl group substitiied with a
carbocycle group.

The term “carbocycle” includes 5-7 membered monocyclic and 8-12 membered
bicyclic rings. Each ring of a bicyclic carbocycle may be selected from saturated, unsaturated
and aromatic rings. Carbogcvele includes bicvehe molecules in which one, two or three or more
atoms are shared between the two rings. The term “fused carbocyele™ refers to a bicyclic
carbocycie in which each of the rings shares two adjacent atoms with the other ring. Each ving
of a fused carbocyele may be selected from saturated, unsaturated and aromatic nings. In an
exemplary embodiment, an aromatic nng, e.g., phenvl, may be fused 1o a saturated or
unsaturated ring, ¢.g., cyclohexane, cvelopentane, or cyclohexene. Any combination of
saturated, unsaturated and aromatic bicyclic rings, as valence permits, is imchided 1n the
detimition of carbocyclic. Exemplary “carbocyeles” mclude cvelopentane, cvclohexane,
bicyclo|2.2 Tiheptane, 1,3-cyclooctadiens, 1,2.3 4-tetrahydronaphthalene, bicyclofd 2 Ooct-
3-¢ne, naphthalene and adamantane. Exemplary fused carbocycles include decalin,
naphthalene, 1,2,3 4-ctrabyvdronaphtbalene, bicyvelo{4.2 Oloctane,  4,5.6,7-tctrabvdro-1H-
wmndene and bicvelof4.1 Othept-3-ene. “Carbocycles” may be substituted at any one or more
posttions capable of bearing a hydrogen atom.

The term “carbocvelylalkyl”, as used herein, refers to an alkyl group substituted with a
carbocycle group.

The term “carbonate” is art-recognized and refers to a group -0CO2-,

The term “carboxy™, as used hercin, refers to a group represented by the
formula ~-COzH.

The term “eycloalkyl” mcludes substituted or unsubstituted non-aromatic single ring
structures, preferably 4- to 8-membered rings, more preferably 4- to 6-membered rings. The
term “cycloalkyl” also includes polveyclic ring systems having two or more cvelic nings in
which two or more carbons are conwaon to two adjomning rings wherein at least one of the rings
is cycloalkyl and the substituent {e.g., R'™} is attached to the cycloalkyl ring, ¢.g., the other
cvelic rings can be cycloalkyls, cycloalkenyls, cyeloalkynyis, arvls, hetercaryls, and/or

heterocyelvls, Heteroaryt groups include, for example, pyvrrole, furan, thiophene, mudazole,



WO 2023/069711 PCT/US2022/047424

oxazole,  thiazole, pyrazole, pvndine, pyrazine, pyndazine,  pyvrimidine,
denzodioxane, tetrahvdroguinoline, and the hke.

The term “ester”, as used herein, refers to a group -C{OYOR® wherein R represents a
hydrocarbyvl group.

The term “ether”, as used heremn, refers to a hydrocarbyl group linked through an
oxygen to another hydrocarby] group. Accordingly, an ether substituent of a hydrocarbyi group
may be hydrocarbyi-0-. Ethers mav be cither symmetrical or unsymmetrical.  Examples of
cthers mnclude, but are not hmited to, heterocycle~-O-heterocyele and aryvl-O-heterocvele.
Ethers mehude “alkoxyalkyl™ groups, which may be represented by the general formula alkyl-
O-alkevl

The terms “halo” and “halogen” as used herein means halogen and includes chioro,
fluore, bromo, and 1odo.

The terms “hetaralioyt” and “hetercaralkyl”, as used herein, refers to an altkyl group
substituted with a hetarvl group.

22

The terms “heteroaryl” and “hetaryl” include substitted or unsubstituted aromatic
single ring stractures, preferably 5- to 7-membered rings, more preferably 5- to 6-memberad
rings, whose ring structures include at least one heteroatom, preferably one to four heteroatoms,
more preferably one or two heteroatoms. The terms “heteroaryl” and “hetaryl” also mclude
polyeyelic ring systems having two or more cyclic rings in which two or more carbons are
common o two adjoining rings wherein at least one of the rings is hetercaromatic, e.g., the
other cyelic rings can be cycloalkyis, cycloalkenyls, cveloalkynyls, arvls, heteroaryls, and/or
heterocyelyls. Heteroarvl groups include, for example, pyrrole, furan, thiophene, imidazole,
oxazole, thiazole, pyrazole, pynidine, pyrazine, pyridazine, and pyrimidine, and the like.

The term “heteroatom” as used herein means an atom of any element other than carbon
or hyvdrogen. Preferred heteroatoms are nitrogen, oxyvgen, and sulfur.

The term “heterocvelylalkyl”, as used herein, refors to an alkyl group substituted with
a heterocycle group.

b3

The terms “heterocyelyl”, “heterncyele”, and “heterocvelie” refer to substituted or
unsubstituted non-aromatic ring structures, preterably 3- to 10-membered rings, more
preferably 3- to 7-membered rings, whose ring stractores inchude at least one heteroatom,
preferably one to four heteroatoms, more preferably one or two hetorcatoms. The terms
“heterocyelyl” and “heterocyehic” also mclude polycyelic ring systems having two or more
cyelic rings in which two or more carbons are common 1o two adjoming rings wherem at least

one of the rings 18 heterocyclie, e.g., the other oyclic rings can be cycloalkyls, cycloalkenyls,
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cveloalkvnyls, arvls, hetercarvls, and/or heterocyvelvls.  Heterocovelvl groups include, for
example, piperidine, piperazing, pyrrolidine, morpholine, lactones, lactams, and the like.

The term “hydrocarbvl”, as used herein, refors to a group that is bonded through a
carbon atom that doegs not have a =0 or =8 substituent, and typically has at least one carbon-
hydrogen bond and a primanly carbon backbone, but may optionally mehide hetercatoms.
Thus, groups like methyl, ethoxyethyl, 2-pyndyl, and even tnflucromethy! are considered to
be hydrocarbyl for the purposes of this application, but substituenis such as acetyl {which has
a =0 substituent on the hinking carbon) and cthoxy (which is linked through oxygen, not
carbon) are not. Hydrocarbyl groups include, but are not imited to arvl, hetercaryl, carbocycle,
heterocycle, alkyl, alkenyl, alkyovl, and combinations thereof.

The term “hydroxyalkyl”, as used herein, refers to an alkyvl group substituted with a
hydroxy group.

The term “lower” when used in conjunction with a chemical moiety, such as, acyl,
acvioxy, alkvi, alkenvl, alkvnyl, or alkoxy is meant to jnclude groups where there are ten or
fewer atoms in the substituent, preferably six or fower. A “lower alkyl”, for example, refers to
an alkvl group that contams fen or fewer carbon atoms, preferably six or fewer. In cortan
crbodiments, acyl, acyloxy, alkyl, alkenyl, atkvnyl, or alkoxy substituents defined herein are
respectively lower acvl, lower acvioxy, lower alkyl, lower alkenvl, lower alkynyl, or lower
alkoxy, whether they appear alone or in combination with other substituents, such as n the
recitations hydroxyalkyl and aralkyvl (in which case, for example, the atoms within the aryl
group are not counted when counting the carbon atoms in the alkyl substitucnt).

The terms “polveyelyl”, “polveyele”, and “polvevelic” refer to two or more rings {e.g.,
cveloalkyls, cycloalkenyls, cyvcloalkynyls, aryvls, heteroarvls, and/or heterocyclyls) w which
two or more atoms are common o two adjoining rings, ¢.g., the rings are “fused rings”. Each
of'the rings of the polveycle can be substituted or unsubstifuted. In certamn embodiments, cach
ring of the polycvele contains from 3 to 10 atoms in the ring, preferably from Sto 7.

It 13 understood that substituents and substitution patteras on the compounds of the
present invention can be selected by one of ordinary skilled person in the art to result
chemically stable compounds which can be readily synthesized by technigues known 1o the axt,
as well as those methods set forth below, from readily available starting materials. If a
substituent 1s itself substituted with more than one group, it is understood that these owltiple
groups may be on the same carbon or on different carbous, so long as a stable structure results.

The term “substituted” reters to moieties having substituents replacing a hvdrogen on

one or more carbons of the backbone. It will be understood that “substitution” or “substituted
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with” mchides the tmphicit proviso that such substitution is in accordance with permitted
valence of the substituted atom and the substituent, and that the substitution resulis in a stable
compound, e¢.g., which does not spontancously undergo transformation such as by
rearrangement, cychzation, climination, etc.  As used herein, the term “substituted” i
contemplated to include ail pernnssible substituents of organic compounds. In a broad aspect,
the permissible substituents include acychic and cyclic, branched and unbranched, carbocyclic
and heterocyelic, aromatic and non-aromatic substituents of organic compounds.  The
pernusaibie substituents can be one or more and the same or different for appropriate organic
compounds. For purposcs of this invention, the hetercatoms sach as nitrogen may have
hydrogen substituents and/or any permissible substituents of orgamic compounds described
herein which satistfy the valences of the heteroatoms. Substitvients can include any substituents
described herein, for example, a halogen, a hydroxyl, a carbomyl (such as a carboxyl, an
atkoxycarbonyl, a formyl, or an acyl). a thiocarbonyl {such as a thioester, a thioacetate, or a
thioformate), an alkoxvl, a pbosphorvl, a phosphate, a phosphonate, a phosphinate, an amno,
an anudo, an amudine, an mune, a cvano, a mitro, an azido, a sulfhydryl, an alkyvithio, a sulfate,
a sulfonate, a sulfamoyl, a subfonamide, a sulfonyl, a heterocyclyvl, an aralkyl, or an aromatic
ot hetercaromatic motety. | will be understood by those skilled n the art that the moictics
substituied on the hvdrocarbon chain can themselves be substituted, if appropriate.

The term “modulate” as used herein tncludes the mhibition or suppression of a function
or activity (such as cell proliferation} as well as the erhancement of a finction or activity.

The phrase “pharmaceutically acceptable” is art-recognized. In certain embodimerds,
the term includes compositions, excipients, adjuvants, polymers and other matenals and/or
dosage forms which are, within the scope of scund medical judgment, suitable for use in contact
with the tissues of human beings and amimals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.

The term “pharmaceutically acceptable salt” or “salt” 1s used heremn to refer to an acid
addition salt or a basic addition salt which is suitable for or compatible with the treatment of
patienis.

The term “pharmaceutically acceptlable acid addition salt” as used herein means any
non-toxic organic or inorganic salt of any base compounds represented by Formuda L
Hustrative inorganic acids which form suttable salis inchude hydrochloric, hydrobromic,
sulturic and phosphoric acids, as well as metal salts such as sodivm monchydrogen
orthophosphate and potassium hydrogen sulfate. Hlustrative organic acids that form suitable

salts include mono-, di-, and tricarboxylic acids such as glycolic, lactic, pyruvic, malonic,
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suceimic, glutaric, fumaric, malic, tartaric, citric, ascorbic, maleic, benzoic, phenylacetic,
cinnamic and salicylic acids, as well as sulfonic acids such as p-toluene sulfonic and
methasesulfonic acids. Either the mono or di-acid salis can be formed, and such salts may
exast n either a hydrated, solvated or substantially anhvdrous form. In general, the acid
addition salts of compounds of Formula T are more soluble 1n water and various hydrophilic
organic solvents, and gencrally demonstrate higher melting points in comparison to their frec
base forms. The sclection of the approprate salt will be known 1o one skilled m the art. Other
non-pharmaceutically acceptable salts, ¢.g., oxalates, may be used, for example, n the 1solation
of compounds of Formuda 1 for laboratory ase, or for subsequent conversion to 3
pharmaceutically acceptabie acid addition salt.

Many of the compounds useful in the methods and compositions of this disclosure have
at least one stercogenic center in their structure. This stercogenic center may be present ina R
or a S5 configuration, said R and S notation is used in correspondence with the rules described
i Pure Appl. Chem. (1976}, 45, 11-30. The disclosure contemplates all sicreotsomernic forms
such as cnantiomeric and diastercoisomeric forms of the compounds, salts, prodrugs or
mixtures thereof {mchuding all possible mixtores of stereoisomers). See, e.g., WO 41/062726
{incorporated by reference).

Furthermore, certain compounds which contain alkenyl groups may exist as £
(zusammen} or E {entgegen) isomers. In each instance, the disclosure meludes both mixture
and separate individual isomers.

The term “agent” is used herein to denote a chenucal compound (such as an organic or
morganic compound, a mixture of chemical compounds), a biological macromolecule (such as
an antibody, including parts thercof as well as homanized, chimeric and human antibodies and
monoclonal antibodies, a protein or portion thereof, ¢.g., a peptide, a lipid, a carbohydrate), or
an extract made from biological maternials such as bacteria, plants, fungi, or animal (particularly
mammalbian} cells or fissues. Agents include, for example, agents whose structure is known,
and those whose structure is not known. The ability of such agents to inhubit AR or promote
AR degradation mayv render them sutiable as “therapeutic agents” i the methods and
compositions of this disclosure.

ER NS

A “patient,” “subject,” or “individual” are used interchangeably and refer to gither a
human o1 a non~human animal. These terms include mammals, such as humans, pamates,
tivestock ammals (including bovines, porcines, ete.), companion animals {¢.g., canines, felines,

et} and rodents {(e.g., mice and rats).
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“Treating™ a condition or patient refers to taking steps to obtain beneficial or desired
results, including clinical results. Beneficial or desired clinical resalts can include, but are not
himited to, alieviation or amehoration of one or more symptoms or conditions, diminishment
of extent of discase, stabilized (i.e. not worsening) state of disease, preventing spread of
discase, delay or slowing of disease progression, amclioration or palliation of the disease state,
and remission {whether partial or total}, whether detectable or vodetectable. “Treatment” can

also mean prolonging survival as compared to expected survival if not receiving treatment.

The ferm “preventing” is art-recognized, and when used i relation to a condition, such
as a local recurrence {e.g., pain), a discase such as cancer, a svadrome complex such as heart
faiture or any other medical condition, 13 well understood m the art, and includes administration
of a composition which reduces the frequency of, or delavs the onset of, symptoms of a medical
condition m a subject relative 1o a subject which does not receive the composition. Thus,
prevention of cancer mcludes, for example, reducing the number of detectable cancerous
growths in a population of patients receiving a prophylactic treatment relative to an untreated
control population, and/or delaying the appearance of detectable cancerons growths in a treated
population versus an untreated control population, ¢.g., by a statistically and/or clinically

significant amount.

“Administering” or “administration of” a substance, a compound or an agent (o a
subject can be camied out using one of a vanety of methods known to those skilled 1o the art.
For example, a compound or an agent can be administered, intravenocusly, artenally,
mtradermally, intramuscularly, intraperitoneally, subcutaneousty, ocularly, sublingualiy, orally
{by ingestion}, intranasally {by inhalation}, intraspinally. intracerebrally, and transdermally (by
absorption, e¢.g., through a skin duct). A compound or agent can also appropnately be
introdaced by rechargeable or biodegradable polymeric devices or other devices, ¢.g., patches
and pumps, or formulations, which provide for the extended, slow or controllied release of the
compound or agent. Administering can also be performed, for example, once, a plurality of

fimes, and/or over one or more exiended periods.

Appropriate methods of administenng a substance, a compound or an agent {o a subject
will also depend, for example, on the age and/or the physical condition of the subject and the
chemical and biological propertics of the compound or agent {¢.g., solubility, digestibility,
bicavailability, stability and toxicity). In some embodiments, a compoond or an agent is

adounistered orally, cg, to a subject by mgestion. In some embodiments, the orally
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administered compound or agent is i an extended release or slow release formuudation, or

administered using a device for such slow or extended release.

As used herein, the phrase “conjoint adnumistration” refers to any form of
admimstration of two or more different therapeutic agents such that the second agent is
adomunisterad while the previocusly administered therapeoutic agent is stll effective in the body
(c.g., the two agents are simultancously cffective 1o the patient, which may inchude syoergistic
cffects of the two agents). For example, the diffcrent therapeutic compounds can be
administered either in the same formulation or in separate formulations, either concomitantly
or sequentially. Thus, an individual who receives such treatment can benetit from a combined

effect of different therapeutic agents.

A “therapeutically effective amount” or 3 “therapeutically effective dose” of a drug or
agent 15 an amount of a drug or an agent that, when admimistered to a subject will have the
mtended therapeutic effect.  The full therapeutic effect does not necessanily occur by
administration of one dose, and may oecur only after administration of a series of doses. Thus,
a therapeutically effective amount may be admuustered m one or more admiistrations. The
precise etfective amount needed for a subject will depend upon, for example, the subject’s size,
health and age, and the nature and extent of the condition being treated, such as cancer or MBS,
The skilled worker can readily determine the effective amount for a given situation by routine

experimentation.

All of the above, and any other publications, paients and published patent applications
referred to in this application arc specifically incorporated by reference herein.  In case of

confhiet, the present specification, wncluding its specific definttions, will control.

EXAMPLE

Example 1: Svathesis

General Information for Synthetic Experimenial section

Reagents obtamed from commercial sources were used without further punfication.
Synthesis of the L-boroPro-pn was performed using the previously described synthetic method
(TS 1 Coutts ctc. 1. Med. Chem. 1996, 39, 2087 - 2094). All the target compounds were
purified by RP-HPLC using Varan scri-preparative svstem with a Discovery C18 369226-U
RP-HPLC column. The mobile phase was typically made by mixing water (0.1% TFA) with
acetonttrile (0.08% TFA) in gradient concentration. Purities determined by HPLC analysis

were greater than 95%. Mass spectra and HPLC retention times were recorded on a Thermo

. Vi
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LFQXL LO/MS svstem with UV detector (monitoring at 215 nm, 254 nm), using an Agilent
30058-C8 RP-HPLC colomn (4.6 x 100 qum, 3.5 pm) with solvent gradient A} water {0.1%
TFA)Y and B) acctonitrile (0.08% TFA) at 0.5 mlb/oun. Unless otherwise noted, all HPLC
refention times are given for an eluent gradient 5% B for the first 3 min, then from 5% to 98%
B over 6 min, which was mamtained for the next 5 min. NMR spectra were recorded on a
Bruker Avance 600 MHz NMR spectrometer at ambient iemperature cmployving a 5 mm
mverse multinuclear probe. Chenucal shifts were reported in parts per miblion {3} relative to
DSS (in B20).

General synthetic procedure A for peptide coupling reaction with HATU. DIPEA (142
mg, 1.1 mamol} was added to a stirred mixture of N-Boc (or N-Fmaoc) protected amino acid (0.5
mmol}, amine {0.55 mmol), HATU (200 mg, .53 mmol} and anhydrous DMEF (G mL} under
argon at 0°C. The reaction mixture was stirred for 15 mim, warmed to room temperature, and
stirred for 1 hr or until the reaction was completed. The reaction mixture was then concentrated
in vacuo. The residue was re~-dissolved into ethyvl acetate (50 mL) or dichloromethane (50 mL)
and washed sequentially with 0.1 N KHSO: (3 x [0 mL), saturated NaHCO: (3 x 10 mL), brine
(10 mL}, and dried over anhyvdrous MgS0s, filtered and concentrated in vacuo, purified by
silica gel flash chromatography to give the coupling product.

General synthetic procedure B for Boc de-protection. The Boc-protected compound (1.0
mmol} was dissolved in a 4 M solution of HCl in dioxane (5 mL), stirred for 2 hr at room
temperature or untii the reaction was completed, and then was concentrated wx vacuo. The
residue was co-evaporated with dichioromethane (3 x 20 ml.) in vacuo to completely dryv to
give the unprotected amine product,

General synthetic procedure  for Fmec de-protection, Dicthylamune (3 mL) was added to
a solution of The Fmoc-protected compound (1.0 mmeol) 1o anhydrous dichloromethane (BCM,
9 ml). The reaction roixture was stured at room teraperature for 5 hr or until the reaction was
completed, and then was concentrated in vacuo. The residue was co-cvaporated with
dichloromethane (3 x 20 mL} in vacuo to completely dry to give the unprotected amine product.
General synthetic procedure B for {(+)-pinanediol de-protection. The (+)-pinancdiol
protected compound (1.0 mmol} was dissolved in cold water {10 mb). tert-Butyl methy! ether
{(MTBE} (20 mL} and phenylboronic acid (122 mg, 1.0 mmol} were added. The resulting
mixture was stirred af room temperature for 4 hr or unti the reaction was completed. The
agueous phase was separated, washed with MTBE (3 x 10 ml), concentrated in vacuo, and
purified by semi-preparative HPLC, lvophilized to give the target product.

Synthesis of Decaborane-acetic acid
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The synthests of o-Decaboranc-acetic acid was conducted according to the literatare reported
{Jan Nekvinda, etc. Chem Eur ] 2018, 24, 12970-12975). Diried o~carborane (7.2 g, 50 mumol)
was dissolved in dry dicthvl ether (250 mL) under Ar protection. Afier cocling down to 0 °C,
n-Buli (1.6 M m hexane, 47 mL, 1.5 ¢q.) was added. The reaction mixture was stirred for
additional 30 minates at room temperature and then the flask was cooled down to ¢ °C again.
Fthvlene oxide (3.0 M in THF, 25 mL, 1.5 eq.} was then added dropwise. After stured for 3
hours, MeOH (7.5 mlL)} and AcOH (0.75 mbL), then water (50 mL) were added. This reaction
mixture was separated, and the aqueous layer was extracted with MTBE 3 x 100 mL}. The
combined organic layers were dried over Mgh04, evaporated, and then purified by silica
columm chromatograpby (Hexane/Et(OAc) to give the alcohol (5.0 g) as an oi. The alcohol (4.7
g) was dissolved n acetone (94 mL} and cooled down (o 0 °C. Then the Cr03 (17 g) in the
mixture of AcOH (71 mL) and water (94 mL} were added dropwise. Reaction was stirred at
room temperature overnight. The mixture was then extracted three times with MTBE (3 x 250
ok} and the combined organic layers were then acidified with 10% HCH and washed with brne
(3 x 100 mL). The etheric phase was then dried over MgSO4, evaporated, and then punified by
silica coluomn chromatography (MeOH/DCM} to give o-Decaborane-acetic acid (2.7 gl as a
pale-brown powder.

Synihesis of Decaborane-propionic acid

The synthesis of o-Decaborane-propionic acid was conducted similar to the synthesis of o-
Decaborane-acetic acid described above. Dried o-carborane (7.2 g, 50 mmol) was dissolved n
dry diethvl ether (250 mL} under Ar protection. After cooling down to 0 °C, p-Bula (1.6 M n
hexane, 47 mL, 1.5 eq.) was added. The reaction mixture was stirred for additional 30 minutes
at room temperature and then the flask was cooled down to 0 °C again. Oxetane (4.9 mL} was
then added dropwise. After stirred for 5 hours, MeOH (7.5 mL} and AcOH (0.75 mlL)}, then
water {50 mL) were added. This reaction mixture was separated, and the agueous laver was
extracted with MTBE (3 x 100 mb). The combined organic lavers were dried over MgSG4,
evaporated, and then purified by silica column chromatography (Hexane/EtOAc) to give the
alcohol (4.0 g) as an oil. The alcohol was dissolved 10 acetone (80 mlL) and cooled downto 0
°C. Then the CrQ3 (13.9 g} in the miture of AcOH (61 mL} and water {80 mL) were added
dropwise. Reaction was stirred at room temperature overnight. The mixtare was then extracted
three times with MTBE (3 x 210 mL) and the combined organic lavers were then acidified with
109 HCI and washed with brine (3 x 100 mL). The etheric phase was then dried over MgS04,
evaporated, and then punfied by silica column chromatography (MeOH/DCM) to give o-

Decaborane-propionic acid (2.3 g) as a pale-yeHow powder.
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Synthesis of o-Carborane-{-methylamine

The synthesis of o-caborane- | -methylanure was conducted according to the literature reported
{Dhego Alberty, eic. Scientific Reports. 2020, 10, 19274-12975). Decaborane (8.2 g, 75 mmol)
was added to a stirred solution of propargyl phtalimide 3 (Z21.1 g, 114 mmol} in anhydrous
toluene (163 mb) at room temperature under Ar protection. {Boiny"CH (8.0 g) was then added
and the resulting mixture was heated at 90°C for 4 hr, then cooled down, evaporated, punified
by silica column chromatography (Hexane/EtOAc) to give the product {14.3 g} which was
suspended 10 1PrOH (428 mL) and water (72 mL} NaBH4«(8 8 g} was then added and stirred
overnight under Ar at room temperature. The solvent was evaporated, and the obtained residuc
was re-dissolved m water {200 mlL), extracted with MTBE (3 x 100 mL}. The combined
organic phases were dried with Mg504, filtered and congentrated. Te resulting solid was
dissolved in 375 mL of a mixture of AcOH/HC! (4/1) and the solution was heated at 95°C for
2 hr. The solvents were evaporated, and the residuc was suspended in DM and stirred for 3 hr
at rt. Finally, the suspension was filtered, and the recovered white solid was washed with more

DCM (3 x 30 mL} and dried to give o-caborane-1-methylaming hydrochloride salt (7.0 g}.
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Synthesis of Compound 7349
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Synthesis of H-D-Alg-boraPro-Pn HCI
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Followed the General procedure A and B: To a stirred solution of N-Boce--Ala-OH (1.9 g, 10
mmoi) in anhydrous DMF (40 mL) was added L-boroPro-pn HCH (3.0 g, 10.5 nmumol), HATU
(4.0 g, 10.5 munoly and DIEA (4.6 mL, 23 numol) under ice-water bath cooling. The resulting
mixture was stirred at room temperature for 2 hr and then condensed 1 vacuo. The residue was
dissolved with ethyl acetate (150 mb}, washed sequentially by 1IN KHSO4 (3 1 40 mb}, ag.
NaHCO: (3 x 40 mL}, brine (30 mL}. The organic phase was dried over anhydrous MgSQOs,
filtered, and evaporated 1 vacuo to give N-Boc-D-Ala-L-boroPro-pn which was then added to
a solution of 4 N HCI in dioxane (30 mL) under ice-water cooling. The resulting mixture was
stirred at room temperature for 2 hr and then condensed in vacuo. The residue was co-
evaporated with dichloromethane (3 x 30 mL} 1n vacuo to completely dry. Compound H-7)-
Ala-boroPro-Prn HCT was thus obtained as a white powder (3.3 g).

Synthesis of H-Val-B-Ala-boroPro-Fn. HCI

Followed the General procedure A and B: To a stirred solution of N-Boc-Val-OH (1.24 g, 57
mmol) in anhydrous DMF {6 ml) and anhydrous DCM (23 ml) was added HATU (2.28 2, 6
mmoi), B-Ala-boroPro-pn HCL (2.14 g, 6 mmol), and DIEA (2.2 mL} under ice-water bath
cooling. The resuliing mixture was stirred at room temperature for 2 hr and then condensed in
vacuo. The residue was dissoived with DCM (180 mi), washed sequentially by 0 53N KHSO4
(3 x 60 mL}, ag. NaHCOs (3 x 60 ml), brine (60 mb). The organic phase was dred over
anhydrous MgS50s, filtered, and evaporated m vacuo to give N-Boe-Val-D-Ala-L-boroPro-pn
which was then added to a solution of 4N H{! in dioxane {30 mL} under iwe-water cooling.
The resulting nuxture was stitred at room temperatire for 2 hr and then condensed 1o vacuo.
The residue was co-cvaporated with dichloromethane (3 < 30 mL} in vacuo to completely dry.
Compowund H-Vol-D-Ala-boroPro-Prn HC was thus obtained as a white powder (2.8 ).
Synthesis of H-Glu(OiBul-Glu{OtBu)-Val-D-Ala-borofro-Fn

To astirred solation of Ne-Fmoo-Gla(OtBu}-0OH (0.61 g, 1.43 nymol) 1n anhydroas DMF (7 mL)
was added HATU (037 g, 1.5 mmol), Val-D-Ala-boroPro-pn HCL {(0.68 g, 1.5 mmol}, and
DIEA (055 ml) under ico-water bath cocling. The resulting mixture was stirred at room
temperature for 2 hr and then condensed m vacuo. The residue was dissolved with DCM (60
ml}, washed sequentially by 0 5N KHS04 (3 < 15 mbL), ag. NaHCO: 3 x 15 mL), brine (13
mb}. The orgamic phase was dried over anhydrous MgSQ4, filtered, and evaporated in vacuo
to give N-Fmoc-Ghi{OtBuy-Val-D-Ala-L-boroPro-pn which was then treated with 20% of
DEA i DCM (7 mb). The resulting mixture was stirred at room temperature overnight, and

then condensed in vacuo. The residue was co-evaporated with dichloromethane G x 15 mb)m

- 4% .
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vacuo to completely dry, then triturated with Hexang (50 mbL), decanted the upper laver,
evaporated again to give H-Glu{OtBu)-Val-D-Ala-boroPro-pn (0.9 g).

To a stirred solution of N-Fmoc-Glu(OiBu)-0OH (0.58 g, 1.36 munol) i anhydrous DMF (7 mb)
was added HATU {(0.54 g, 143 mmol}, H-Glu{OtBu)-Val-D-Ala-boroPro-pn {(0.86 g, 143
mmoid}, and DIEA (0.29 mL) under ice-water bath cooling. The resulting mixture was stirred
at room temperature for 2 hr and then condensed i vacuoe. The residue was dissolved with
DCM (60 b)), washed sequentially by 05N KHSO4 (3 % 15 mL}, aq. NaHCGO: (3 x 15 ml),
brine (15 mL). The organic phase was dried over anhyvdrous MgSQs, filtered, and evaporated
i vacuo o give N-Fmoce-Gla{(OtBu)-Glu{OtBu)-Val-D-Ala-L-boroPro-pn which was then
treated with 20% of DEA i DOM (7 mb). The resulting mixture was stirced at room
temperature ovemight, and then condensed m vacuo. The residue was co-evaporated with
dichloromethane (3 x 15 mL) in vacuo to completely dry, then triturated with Hexane (30 ml),
decanted the upper layer, evaporated again to give H-Gh((Bui-Gle(OtBu)-Val-D-Ala-
boroPro-pn (1.1 g).

Synthesis of Decaborane-acetyl-Glu-Glu-Val-D-Ala-boroPro {Compaound 7349)

To a stirred solution of o-decaborane-acetic acid {0.263 g

&0

mb} was added HATU (0.517 g, 1.36 mmol}), H-Glu{OiBu)-Glu(GiBu}-Val-D-Ala-boroPro-

1.3 mmol) in anhydrous DMF (6.3

pn (0.9 g, 1.36 mmol}, and DIEA {0.28 mL) underice-water bath cooling. The resulting mixtare
was stirred at room temperature for 2 hr and then condensed in vacuo. The residue was
dissolved with DCM (60 mL), washed sequentially by .5N KHSOs (3 x 15 ml), ag. NaHCO:
(3 x 15 mL), brine (15 mL). The organic phase was dried over anhydrous MgSQ4, filtered, and
evaporated n vacuo to give Becaborane-acety -Glu(OBu-Glu{GtBu)-Val-D-Ala-L-boroPro-
pn which was then treated with 90% TFA m BCM (10 mL) under ice-water cooling. The
resulting mixture was stirred at room temperature for 2.5 hr and then condensed in vacuo. The
residue was co-gvaporated with dichloromethane €3 x 20 ml} in vacuo to completelv dry. Cold
water (50 mL) and acetonitrile (20 mL) were added. The pH was adjusted to 1.5 with 5% HCL
Hexanes (100 mb) and phenylboronic acid (317 mg) were added. The resulting mixture was
stirred at room temperature for 3 hr. The aqueous phase was separated, washed with hexanes
(2 x 15 mL}, concentrated in vacuo, and punified by semi-preparative HPLC, lvophilized to
give the target product. LO-MS (ESI) m/z (rel intensity): 1402.02 (100), 71031 ({M - Ha0 +
HI", 84), 693.56 (40); tr = 8.97 min.
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Svathesis of Compound 7388

Synthetic Scheme 1. boroPro~pn, HATU.DIEA; i1, 4M HCI in dioxane; i1l HATU.DIEA ;) w. 4M HClin
dioxane; v. HATU,DIEA; vi. 4M HCl in dioxane; vii. HATU DIEA; vir. PhBOH)2.

Syathesis of AMB-D-Ala-boroPro-pun HCI
To a stirred solution of 4-{{tert-butoxycarbonviaminoimethyllbenzoic actd {305 mg, 2 mmol)

in anhydrous DMF (20 mL} was added HATU (300 myg, 2.1 mmol}, DIEA {0 80 mL, 4.6 mmol}

and H-D-Ala-boroPro-pn. HCI (750 mg, 2.1 ramol) under ice-water bath cooling. The resulting
mixture was stirred at room temperature for 2 hr and then condensed 1 vacuo. The residue was
dissolved with dichloromethane (100 mL), washed sequentially by O.IN KHS0: (3 115 mbL),
ag. NaH{CO; (3 x 15 mL), brine {10 mL}. The organic phase was dried over anhydrous Mg&Os,
filtered, and evaporated m vacuo to give 4-{N-Boc-aminorethyl)-PhCO-D-Ala-L-boroPro-pn
which was purified by silica gel flash chromatography cluted with Fihyl Acetate/Hexanes; and
then added to a solution of 4N HCl in dioxane (10 mL) under ice-water coohing. The resulting
mixture was stirred at room temperature for 2 hr and then condensed in vacuo. The residue was
co-evaporated with dickloromethane (3 x 20 mL) in vacuo to completely drv. AMB-D-Ala-
boroPro-pn HCl was thus obtained as a white powder (830 mg). LC-MS (ESI™) m2z (rel
intensity)y: 453 7 ({M + H}", 100} tr = 9.0 min.

Synthesis of H-Gly-AMB-D-Ala-boroPro-pn HCI

-~ 51 -
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To a stirred solution of N-Boe-Gly-OH (270 mg, .34 mmol} i anhydrous DMF (20 mL} was
added HATU (620 mg), DIEA (0.80 mb} and H-AMB-D-Ala-boroPro-pn HCH (980 mg} ander
wce-water bath cooling. The resulting mixture was stirred at room temperature for 2 hr and then
condensed in vacuo. The residue was dissolved with cthyl acetate (80 mL), washed sequentially
by 8.25 N KHSO: (3 x 20 mL}, ag. NaHCO: (3 x 20 mL}, brine (20 mb). The organic phase
was dried over anhydrous MgS8Q4, filtered, and evaporated in vacuo, and was then added to a
solution of 4N HCI m dioxane (20 mL) under ice-water cooling. The resulting vuxture was
stirred at room temperature for 2 hr and then condensed in vacuo. The residue was co-
evaporated with dichloromethane (3 x 30 mb} in vacoo to completely dryv. H-Gly-AMB-D-
Ala-boroPro-pn. HCH was thus obtained as a vellow solid (0.8 g).
Synthesis of Decaborane-propionyl-Gliy-AMB-B-Ala-boroPro (Compound 7388)
To a stirred sohition of o-decaboranc-propionic acid (151 mg, 0.7 mmol} tn anhydrous DMF
(10 mL) was added HATU (278 mg), DIEA (0.27 mL) and H-Gly-AMB-D-Ala-boroPro-
prHCE (400 mg) under wee-water bath cooling. The resulting miuxture was stured at room
temperature for 2 hr and then condensed in vacuo. The residue was dissolved with ethyvl acatete
{40 mL}, washed sequentially by 0.25 N KHS04 (3 x 15 mL}, ag. NaHCG: (3 x 15 mL), brine
{2 x 15 mi} The organic phase was dried over anhydrous MgSOs, filtered, and evaporated o
vacuo to give Decaborane-propionyi-Glv-AMB-D-Ala-L-boroPro-pn (0.48 g). Water (40 ml)
and acetonitrile (20 mL} were added. The pH was adjusted to 1.5 with 5% H{CL Hexanes (80
mkb} and phenylboronic acid (171 mg} were added. The resulting mixture was stirred at room
temperature tor 3 br. The agueous phase was separated, washed with hexanes (2 x 10 mi),
concentrated 1n vacuo, and purified by semi-preparative HPLC, lvophibized to give the target
product. LO-MS (EST, Instrumentation:  Agilent 1290 HPLC/6460 Triple Quad LC/MS;
8 pom; HPLC method: Mobile Phase A1 6.1%
TFA m water, Mobile Phase B: 0.08% TFA in ACN,; Flow rate: 0.5 mL/mun, Gradient: 0-1

min, 16% B; 5-6 min, 98%B} m/~z (rel iniensity): 357.6 (M - FoQ + H}T, 100); tr = 3.626 min.

column: Zorbax Eclipse Plus C1%, 2.1 x 50nun, |
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Synthesis of Compound 7034

Chambost Formba: §

Synthetic Schewe: 1. HATU, DIEA, IMF, & PRB(OH)Z

Syuthesis of Decaborane-propionyl-AMB-D-Ala-boroPro {Compound 7034}

To a stirred solation of o-decaborane-propionic acid (34 mg, 0.25 mmol} i anhydrous DMF
(3 mL} was added HATU (100 mg), DIEA {0.2 mL) and H-AMB-D-Ala-boroPro-pn HCL (125
mg) under ice-water bath cooling. The resulting nuxture was stirred at room temperature for 2
hr and then condensed i vacuo. The residue was dissolved with ethyl acatete (30 mL), washe
sequentially by .1 N KHSG: (3 x 10 mb), ag. NaH{CUOs (3 < 10 mL}, brine (18 mL). The
organic phase was dried over anhvdrous MegbQy, filtered, and evaporated in vacuo o give
Decaborane-propionyi-AMB-D-Ala-L-boroPro-pn. Water (10 ml) and acctonitale (5 mL)
were added. The pH was adjusted to 2 with 1IN TFA. MTBE (25 mbL) and phenviboronic acid
{33 mg} were added. The resulting mixture was stirred at room temperature overnight. The
agqueous phase was separated, washed with MTBE (2 x 10 ml), concentrated in vacuo, and
purified by semi-preparative HPLC, Ivophilized to give the target product. LO-MS (ESTT, with
ZORBAX Eclipse Plus C18 RP-HPLC cohumn (4.6 x 50 mm, 1.8 um), eluent gradient 10% B for the
first 3 nun, then from 10% to 98% B over 7 mun, which was mamtained for the next 3 min} m/z

{rel intensity): 1000.06 (73), 500.63 ({M - HoO + HI™, 100} tr = 8.92 moin.
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and DIEA {0.29 mL} onder ice-water bath cooling. The resulting mixture was stirred at room
temperature for 2 hr and then condensed 1o vacuo. The residue was dissolved with DCM (60
mbL}, washed sequentially by 05N KHSO4 (3 x 15 mb), ag. NaHCO: (3 x 15 mb), brine (13
mL}. The organic phase was dried over anhydrous MgSQq, filicred, and evaporated m vacuo
to give N-Fmoc-Gly-Glu{OtBul-Val-D-Ala-L-boroPro-pn which was then treated with 20% of
DEA in BCM {7 mL). The resulting suixture was stirred at room temperature overnight, and
then condensed m vacuo. The residuc was co-evaporated with dichloromethane (3 x 10 mbl) in
vacuo o completely dry, then triturated with Hexane (36 mb), filtered, and dried to give H-
Gly-Gle(OtBu)-Val-D-Ala-boroPro-pn (0.9 g).

Synthesis of Decaborane-aceiyl-Gly-Glu-Val-D-Alu-boroPro {Compaound 7350}

To a stirred solution of o-decaborane-acetic acid (0.263 g, 1.3 mumol) in anhvdrous DMF (6.5
mb)} was added HATU (8.517 g, 1.36 mmol}, H-Gly-Glu(OiBu)-Val-D-Ala-boroPro-pn (0.9
¢}, and DIEA (0.28 ml} under ice-water bath cooling. The resulting mixture was stirred at
room temperature for 2 hr and then condensed in vacuo. The residue was dissolved with DCM
(60 mL), washed sequentially by 0.5N KHSO: (3 x 15 mL}), ag. NaHCO:; (3 x 15 mL), brine
(15 mL}. The organic phase was dned over anhydrous MgSOs, filtered, and evaporated n
vacuo to give Decaboranc-acetyl-Gly-Glu{OtBu)-Val-D-Ala-L-boroPro-pn which was then
treated with 90% TFA i DCM (10 mb) voder ice-water cooling. The resulting muxture was
stirred at rocom temperature for 2.5 hr and then condensed in vacuo. The residue was co-
evaporated with dichloromethane (3 x 20 mL) in vacuo to completely dry. Cold water (50 mL)
and acctoniinde (20 ml) were added. The pH was adjusted to 1.5 with 5% HCI. Hexanes (100
ml} and phenviboronic acid (317 myg, 1.0 mumol) were added. The resulting nuxture was stirred
at room temperatare for 3 hr. The aqueous phase was separated, washed with hexanes (2 < 15
mb}, concentrated in vacuo, and purified by semi-preparative HPLC, lvophilized to give the
target product. LC-MS (ESI) sz (rel miensity) 1258.03 (30), 63837 (IM - HzO + HY™, 100},
620.55 (72); tr=9.10 nun.
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Synthesis of Compound 7412
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Synthetic Scheme: 1. HATU, DIEA, DMF, i, PhB(OH)2.

Synthesis of AminoEthylbenzoyl-B-Ala-boroPro-pn. HI

To a stirred solution of 4-{{tert-butoxvearbonylamino)ethvlibenzoic acid (533 mg. 2 mmol) in
anhydrous DMF (20 mL) was added HATU (800 mg, 2.1 mmol), DIEA (0.80 mL, 4.6 mmaol)
and H-D-Ala~boroPro-pn HCI (7530 mg, 2.1 romol) under ice-water bath cooling. The resulting
mixtare was stirred at room temperature for 2 hr and then condensed 1n vacuo. The residue was
dissolved with dichloromethane {100 mL), washed sequentially by G.1IN KHSG: (3 x15 mb),
aq. NaHCO; 3 x 15 mL), brine (10 mL}. The organic phase was dried over anhydrous MgSOs,
filtered, and evaporated in vacuo o give 4-{N-Boc-aminoethyl}-PhCO-D-Ala-L-boroPro-pn
which was purified by silica gel flash chromatography eluted with Ethyl Acetate/Hexanes; and
then added to a solution of 4N HCH i dioxane (10 mb) under ice-water cooling. The resulting
mixture was stirred at room temperature for 2 hr and then condensed 1 vacuo. The residue was
co-evaporated with dichloromethane (3 x 20 mb) i vacao o completely dry o give H-

AminoEthvlbenzovi-D-Ala-boroPro-pn HCL as a white powder (800 myg).
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Synthesis of Decaborane-propionyi-aminocthylbenzovi-I-Ala-boroPro (Compound 7413}
To a stivred solution of o-decaborane-propionic acid (54 meg, $.25 mmol} n anhvdrous DMF
(3 mb) was added HATU (100 mg). DIEA (0.2 mL) and H-AminoEthylbenzovi-D-Ala-
boroPro-pn. HCI (130 mg) under ice-water bath cooling. The resulting mixtare was stirred at
room temperature for 2 hr and then condensed i vacuo. The residae was dissolved with ethyt
acatete (30 mbL), washed sequentially by 0.1 N KHSGs (3 x 10 mb)}, ag. NaHCO: (3 x 10 ml),
brine (16 mL). The organic phase was dried over anhyvdrous MgSQO., filtered, and evaporated
m vacuo o give Decaborane-propionyi-Aminocthyibenzoyvl-D3-Ala-L-boroPro-pn. Water (10
mb} and acetonitrile (5 mL} were added. The pH was adjusted to 2 with 1IN TFA. MTBE (23
o} and phenviboronic acid (33 mg} were added. The resulting mixture was stitred at room
temperature overnight. The agueous phase was separaied, washed with MTBE (2 x 10 mL),
concentrated in vacuo, and purified by semi-preparative HPLC, lvophilized to give the target
product. LC-MS (ESTY, with ZORBAX Bclipse Plus €18 RP-HFLC column (4.6 x 50 rum, 1.8 pm),
cluent gradient 10% B for the first 3 min, then from 10% to 98% B over 7 min, which was
maintained for the next 5 mun) m/z (rel intensity): 1028.03 (723, 314.77 ({M - O + HJ™, 100}
tr = 5,00 min.

Svynthesis of Compound 7282

Synthetic Scheme: 1. HATU, DIEA, DMF; 4. PhB(OH)Z.
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Synthesis of Decaborane-acetyl-aminoethylbenzopl-D-Ala-boroPro (Compound 7282}

To a stirred solution of o~-decaborane-acetic acid (531 mg, 0.25 mmol) in ashydrous DMF (3
o} was added HATU (100 mg), DIEA (0.2 ml) and H-AmwmoEthvibenzoyl-D-Ala-boroPro-
pn HC (130 mg) under ice-water bath cooling. The resulting muxture was stirved at room
temperature for 2 hr and then condensed in vacuo. The residuc was dissolved with ethyl acatete
(30 mL}, washed sequentially by 0.1 N KHSG: (3 x 10 mb), ag. NaHCG: 3 x 10 mL). bnne
(10 mbl}. The organic phase was dned over anhvdrous MgSQs, filtered, and cvaporated n
vacuo to give Decaborane-acetvi-Ammoethylbenzovi-D-Ala-L-boroPro-pn. Water {10 mL})
and acetonitrile {5 mL) were added. The pH was adjusted to 2 with 1IN TFA MTBE (25 ml)
and phenviboronic acid (33 myg) were added. The resulting vuxture was stirred at room
temperature overnight. The agueous phase was separaied, washed with MTBE (2 x 10 mL),
concentrated in vacuo, and purified by semi-preparative HPLC, lvophilized to give the target
product. LC-MS (ESTY, with ZORBAX Bclipse Plus €18 RP-HFLC column (4.6 x 50 rum, 1.8 pm),
cluent gradient 10% B for the first 3 min, then from 10% to 98% B over 7 min, which was
maintamed for the next 5 nmuin} m/z (rel intensityy: 999.96 (373, 50061 (M -~ HzO + HY, 100);
tr= 897 min. "H NMR (D2O/CAN-d3y: 8§ 149 (d, /=7 2Hz 3H), 175 -2.50 (m, 22 H). 295
= 3.00 (m, 2H), 3.07 - 310 {m, 1H), 3.14 (s, ZH}, 3.58 — 3.60 (m, ZH}, 3.65 - 3.72 {m, 2H),
444 (s, 1H), 749(d, J=84Hz, 2H), 789(d, J=78Hz 2 H) 815, iH)}
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Svathesis of Compound 74308

Synthetio Scheme L Dovofro-any, MATU DHES; 8. 40 HO by dinxangy §L HATULDEASY. 44

Sananey v HATU DB, v BRBIOHIY

Synthesis of Hydraginyl-bengopl-D-Ala-boroPro-pn HCI

To a stirred solution of 4-[N-Boc-hvdrazmyl I{benzoic acid (252 mg, 1 romol) in anbvdrous
DMF (10 mL) was added HATU 400 mg), DIEA (040 mL} and H-D-Ala-boroPro-pn HCH
{395 mg) under ice-water bath cooling. The resulting mixture was stirred at room temperature
for 2 hr and then condensed m vacuo. The residue was dissclved with ethyl acetate (50 mL),
washed sequentially by 025N KHSO: (3 x10 mL}, ag. NaHCOs (3 x 10 mb), brine (10 mL},
The organic phase was dried over anhydrous MgS0, filtered, and evaporated in vacuo fo give
4-{N-Boc-hydraziny}}-PhCO-D-Ala-L-boroPro-pn which was then added to a solution of 4N
HCI in dioxane (15 mL) under ice-water cooling. The resulting mixture was stirred at room
temperature for 2 hr and then condensed m vacuo. The residue was co-evaporated with
dichloromethane (3 x 20 mL) in vacuo to completely dry to give H-4-(hydraziny }-benzoyl-D-
Ala-boroPro-pn HCH as a vellow powder (480 mg).

Synthesis of 4-{Decaborane-propionyi-hydraginyi-benzovk-D-Ala-boroPro (Compound
74368}

To a stirred solation of o-decaborane-propionic acid (167 mg, 0.77 mmol} in avhydrous DMFE
(10 mb) was added HATU (307 mg), BIEA (0.3 ml) and H-4-(hvdrazinyl)-benzovl-D-Ala-

boroPro-pn HCL (400 mg) under ice-water bath cooling. The resulting mixture was stirred at
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room teraperature for 2 hr and then condensed in vacuo. The residue was dissolved with ethyl
acatete {40 mbL}, washed sequentially by 8,25 N KHSOs (3 x 10 mL), ag. NaHCG: 3« 10ml),
brine (3 x 10 mL} The organic phase was dried over anhydrous MgSQy, filtered, and
evaporated in vacuo to give 4-(Decaborane-propionyl-hydrazinyl}-benzovi-D3-Ala-L-boroPro-
pn. Water (40 mL} and acctonitrile (20 mL) were added. The pH was adjusted to 1.5 with 5%
HCI Hexanes (80 mb) and phenylboronic acid {188 mg} were added. The resulting mixture
was stitred for 3 hr at room temperature. The agueous phase was separated, washed with hexane
(2 x 19 mL}, concentrated in vacuo, and punified by semi-preparative HPLC, lvophilized to
give the target product. LC-MS (EST, Instrumentation: Agilent 1290 HPLC/6460 Triple Guad
LO/MS; column: Forbax Eclipse Plus C18, 2.1 x S0nun, 1.8 pmy HPLC method: Mobile
Phase A: 0.1% THA m water, Mobile Phase B: 0.08% TFA i ACN; Flow rate: 0.4 mL/nun,
Gradient: 0-1 min, 2% B, 5-6 min, 98%B) m/z {rel intensity): 301 4 (M - H:G + HY", 100} v
= 3,940 min.

Syithesis of Compound 7035

L

S R

Synthesis of H-TXA-D-Ala-borePro-pa. HI

To a stirred solution of trans-4-{tort-Butoxycarbonylaninomethyljcvclohexanecarboxylic acid
(TC, B3253; 515 mg, 2 ramoly i anhydrous DMF (8 mL) was added Compound § (750 mg,
2.1 mmol}, HATU (800 mg, 2.1 mmol} and DIEA (0.80 mL, 4.6 mmol} under ice-water bath
cooling. The resulting mixture was stired at room femperatare for 2 br and then condensed in
vacuo. The residue was dissolved with dichloromethane (100 ml.), washed sequentially by
O0.IN KHSO: (3 <15 mb), ag. NaHCG: 3 x 15 mbL), bring {10 mL). The organic phase was

dried over ashydrous MgSQ., filtered, and evaporated m vacuo to give the N-Boce-TXA-D-
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Ala-boroPro-pn which was purified by silica gel flash chromatography eluted with Ethyl
Acetate/Hexanes; and then added to a solution of 4N HC 1n dicxane {10 mb} under ice-water
cooling. The resulting nuxiture was stitred at room temperature for 2 hr and then condensed n
vacuo. The residue was co-cvaporated with dichloromethane (3 x 20 mL} m vacuo o
completely dry. H-TXA-D-Ala-boroPro-pn HCY was thus obtamed as a white powder {890
mg). LC-MS (ESTY) m/z (rel intensity): 459.9 (M + HI", 100); tr = 8.9 min.

Syathesis of Decaborane-propionyl-TXA-D-Ala-boroPro (Compound 7035)

To a stirred solution of o~decaborane-propionic acid {205 mg, 0.95 mmol} in anhvdrous BMF
(10 mL} was added HATU (380 mg), BIEA {(0.36 mL)} and H-TXA-D-Ala-boroPro-pr HCL
{496 mg) under ice-water bath cooling. The resubting nuxture was stirred at room temperature
for 2 hr and then condensed in vacuo. The residue was dissolved with ethyl acatete (50 mL),
washed sequentially by 825 N KHSO: (3 x 10 mL}, ag. NaHCO: (3 x 10 mL}, brine (3 x 10
mb}. The organic phase was dried over anhydrous MgSQ4, filtered, and evaporated in vacuo
to give Diecaborane-propionyi-TXA-D-Ala-L-boroPro-pn. Water (40 mL} and acetontirie (20
mb} were added. The pH was adjusted to 1.5 with 3% HCL Hexanes (80 ml) and
phenviboronic acid (244 mg) were added. The resulting mixture was stirred for 3 hr at room
temperature. The agueous phase was separated, washed with hexane (2 x 10 ml), concentrated
n vacuo, and purtfied by senu-preparative HPLC, Iyophilized to give the target product. LC-
MS (EST, Instrumentation: Agilent 1290 HPLL/6460 Triple Quad LC/MS,; column: Zorbax
Felipse Plus C18, 2.1 x S0mm, 1.8 um; HPLC method: Mobile Phase A: 0.1% TFA in water,
Muobile Phase B: 0.08% TFA in ACN; Flow rate: 0.4 mL/mun, Gradient: 0-1 min, 2% B; 5-6
min, 98%B) sz (rel miensityv): 10123 (37}, 506.6 (M - HoO + HJ", 100), tr = 3.894 mun.

-61 -



PCT/US2022/047424

WO 2023/069711

“ompound 7348

Synthesis of €

A1

R

et
K

DIEAv. 4M HCl in

M
>

11 HATE

DIEA; 1. 4M HCH in dioxang;

s

Synthetic Scheme. i boroPro-pn, HATU

A

U,DIE

-y
¥
A

M i HA

ol

A

3
Vs

Asvitt. 20%DE

.

1 in dioxang;vii, HATU DIE

al

£

Avi M H

3

dioxane: v. HATU M

5 xi. PRB(OHR.

i

x.TF

- 67 -



WO 2023/069711 PCT/US2022/047424

Synthesis of H-Glu(OtBu)-Gly-Val-D-Ala-boroPro-Fa

To a stirced soblution of N-Boce-Gly-OH {0.25 g. 143 mmol} tn anhyvdrous DMF (7 mb) was
added HATU (0.57 g, 1.5 mmol}, Val-D-Ala-boroPro-pn HCI (0,68 g, 1.5 mmol}, and DIEA
{0.55 mL) under ice-water bath cooling. The resulting nuxiure was stirred af room temperature
for 2 hr and then condensed i vacuo. The residue was dissolved with BCM (60 mL), washed
sequentially by 0.5N KHS0: 3 x 15 mL), ag. NaHCO: (3x 15 mb), brine (15 mbL). The organic
phase was dried over anhvdrous MgSOa, filtered, and evaporated m vacuo to give N-Boe-Gly-
Val-D-Ala-L-boroPro~-pn which then added to a solution of 4N HCI in dioxane (10 mL) under
ice-water coolimg. The resulting mixture was stirred at room temperature for 2 hr and then
condensed 1n vacuo. The residue was co-evaporated with dichloromethane (3 x 20 mb)
vacuo to completely dry. H-Gly-Val--D-Ala-boroPro-pn HU was thus obtaned as a pale-
vellow solid (0.8 g).

To astirred solution of N-Fmoc-Gla{OtBu)-OH (0.57 g, 1.33 mmol} in anhyvdrous DMF (T mi)
was added HATU (0.33 g}, H-Gly-Val-D-Ala-boroPro-pn HCH{0.72 g), and DIEA (0.51 mL)
under 1ce~-water bath cooling. The resulting mixture was stirred at room temperature for 2 hr
and then condensed in vacuo. The residue was dissolved with DCM (60 mL), washed
sequentially by 05N KHSO4 (3 x 13 mb), ag. NaHC0: (3 x 15 mb), brine (15 mL). The organic
phase was dried over anhyvdrous MgSOa, filtered, and evaporated in vacuo to give N-Fmog-
Glu{OtBu)}-Gly-Val-D-Ala-L-boroPro-pn which was then treated with 20% of DEA in DCM
{7 mb} The resulting mixture was stirred at room temperature overnight, and then condensed
in vacuo. The residue was co-cvaporated with dichloromethane (3 x 15 mL) m vacuo to
completely dry, then tnturated with Hexane (50 mbL}, filtered, dned to give H-Glu{OtBu)-Gly-
Val-B-Ala-boroPro-pn (0.9 g).

Synthesis of Decaborane-acetyi-Glu-Gly-Val-D-Ala-boroPro (Compound 7348}

To a stivred solution of o-decaborane-acetic acid {0.257 g, 1.27 mmol} in anhydrous DMF (6.5
mb} was added HATU (0.506 g), H-Glu(OiBu)-Gly-Val-D-Ala-boroPro-pn (0.9 ¢, 1.33
mmol}, and DIEA (027 mL} vader ice-water bath cooling. The resulting mixture was stirred
at room temperature for 2 hr and then condensed m vacuo. The residue was dissolved with
DCM (60 ml}, washed sequentially by 0.5N KHSOq (3 x 15 mL}, ag. NaHCO: 3 x 15 ml),
brine (15 mL). The organic phase was dried over anhydrous MgS(h, filtered, and evaporated
in vacuo to give Decaboranc-acety-Ghu{OitBu)-Gly-Val-D-Ala-L-boroPro-pn which was then
treated with 90% TFA i DCM (10 mb) voder ice-water cooling. The resulting muxture was
stirred at room temperature for 2.5 hr and then condensed m vacuo. The residae was co-

evaporated with dichloromethane (3 x 20 mL) in vacuo to completely dry. Cold water (50 mL)

- 63 -



WO 2023/069711 PCT/US2022/047424

and acetominie (20 mL} were added. The pH was adjusted to 1.5 with 5% HCL Hexanes (100
mb} and phenylboronic acid (310 mg) were added. The resulting mixture was stirred at room
temperature for 3 hr. The agueous phase was separated, washed with hexanes (2 x 15 mb),
concentrated in vacuo, and punified by senmi-preparative HPLC, Ivophilized to give the target
prodact. LC-MS (ESE) m/z (rel intensity): 1257 87 (100}, 638 26 (M - Fh O + HI™, 26), 620.61
(&1); tr = 9.07 pun,

Synthesis of Compound 6990

Srgr-4-AE-OAl baolrepn

RN

Synthetic Scheme. 1. Mono-tert-butyl succinate, HATU, DIEA; &t TFA/DCM; 111, Decaborane-methylamine,
HATU, DIEA; iv. FhB(OH)2.

Synthesis of Suc-4-AMB-D-Ala-boroPro-Pr

To astirred solution of Mono-tert-butyl suceinate (6.174 g, 1 mmol) in anbvdrous DMF (S mb)
was added HATU (0.4 ), H-4-AMB-D-Ala-boroPro-pn HCL{0.514 g, 1.05 mmol), and DIEA
(0.38 mL) under ice-water bath cooling. The resulting mixture was stirred at room temperature
for 2 hr and then condensed in vacuo. The residue was dissolved with DCM (50 mL), washed
seguendially by 025N KHSO0q (3 x 10 ml), ag. NaBCGO: (3 x 10 mb), brine (16 mL). The
organic phase was dried over anhydrous MgSQ, filtered, and evaporated in vacuo, and then
was treated with 75% TFA in BCM (10 mbL) under ice-water cooling. The resulting mixture
was stisred at room teraperature for 2 hr and then condensed in vacus. The residue was co-
evaporated with dichloromethane (3 x 10 mL) in vacuo to completely dry to give Suc-4-AMB-
D-Ala-boroPro-pn (0.9 g} as a yellow oil.

Synthesis of Decaborane-methylamino-Suc-AMEB--Ala-boroPro (Compound 6990}
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To a stirred sohution of Suc-4-AMB-D-Ala-boroPro-pn (0.353 g, 1 mmol} in anhydroas DMF
{5 mL} was added HATU (0.4 g), DIEA {0.38 mL) and Decaborane-methyvlamine HC1 {0 .22 ¢}
under ice~-water bath cooling. The resulting nuxture was stirred at room feraperature for 2 hr
and then condensed in vacuo. The residue was dissolved with BCM (50 mL)}, washed
sequentially by 0. 25N KHS0O4 (3 x 10 mb), ag. NaHCGO3 (3 x 10 mL), brine (3 x 10 mb} The
organic phase was dried over anhydrous MgSQ:, filtered, and evaporated in vacuo. The residue
was dissolved oto water {40 mL) and acctoniirile (20 mb}. The pH was adjusted 1o 1.5 with
5% HCI Hexanes (80 mL) and phenyiboromnic acid (244 mg) were added. The resulting muxiure
was stirred at room temperature for 3 hr. The agueous phase was separated, washed with
hexanes {2 x 10 mb), concentrated in vacuo, and purified by semi-preparative HPLC,
tvoplubized to give the target product. LOC-MS (ESIT, Instrumentation: Agilent 1290
HPLL/6460 Trple Quad LO/MS:; colummn: Zorbax Echipse Plus C18, 2.1 1 50mm, 1.8 pum;
HPLC method: Mobile Phase A: 0.1% TFA in water, Mobiie Phasc B: 0.08% TFA nn ACN;
Flow rate: 0.4 mb/min, Gradieot: 0-1 min, 2% B; 3-6 mam,98%B) m/z (rel infensity);, 11143

(20, 357.7 (IM - YO + HIY, 100), 272.4 (55); tr = 3674 min.
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Synthesis of Compound 7044
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Synihesis of H-Gly-Gly-Val-D-Ala-boroPro-Fr

To a stirred solution of N-Boc-Gly-OH (0.36 g, 2.04 mmol) in anhydrous DMF (20 mL} was
added HATU (0.81 ¢}, H-Gly-Val-D-Ala-boroPro-pn HCE (1.1 g), and BIEA {0.78 mL} under
ice-water bath cooling. The resuiting mixture was stirred at room teraperature for 2 br and then
condensed n vacuo, The residue was dissolved with EtQAc (100 mL), washed sequentially by
3.25N KHSO4 (3 x 20 mL), ag. NaHCGOs (3 x 20 mb), brine (3 x20 mbL}. The organic phase

was dried over anhydrous MgS8Qs, filtcred, and evaporated in vacuo to give N-Boe-Gly-Giy-
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Val-D-Ala-L-boroPro-pn which then added to a solution of 4N HCl in dioxane (30 mL) ander
ice-water cooling. The resulting mixture was stirred at room temperature for 2 br and then
condensed 1n vacuo. The residue was co-evaporated with dichloromethane (3 x 20 mb)
vacuo to completely dry. H-Gly-Gly-Val--D-Ala-boroPro-pn HCT was thus obtained as a pale-
vellow solid {1.23 g).

Synthesis of Decaborane-propionyl-Glp-Gly-Val-D-Ala-boraPro (Compound 7044}

To a stirred solution of o-decaboranc-propionic acid (0.21 g, 0.97 mowol} v anbydrous DMF
(10 mL} was added HATU (0.39 g), H-Gly-Gly-Val-D-Ala-boroPro-pn HCI (0.61 g}, and
DIEA (837 mL) under ice-water bath cooling. The resulting muixture was stirred at room
temperature for 2 hr and then condensed in vacuo. The residue was dissolved with DCM (80
mL}, washed sequentially by 0.23N KHSO: (3 x 10 mL), ag. NaHCO: (3 x 10 mL), brine 3
x10 mL} The organic phase was dried over anhydrous MgSQy, filtered, and evaporated m
vacuo. The residue was suspended in water (40 mbl) and acetonitrile (20 mL}). The pH was
adjusted to 1.3 with 5% HCH Hexanes (80 mL) and phenviboronic acid {240 mg} were added.
The resulting mixture was stirred at room temperature for 3 hr. The agueous phase was
separated, washed with hexanes (2 x 10 mL), concentrated in vacuo, and purified by semi-
preparative HPLC, Ivophilized to give the target product. LO-MS (ESH, Instrumentation:
Agilent 1290 HPLC/6460 Triple Quad LC/MS; colunuu Zorbax Eclipse Plus C18, 2.1 x 50mm,
1.8 um; HPLC method: Mobile Phase A: 0.1% TFA in water, Mobile Phase B: 0.08% TFA
in ACN; Flow rate: .4 mb/min, Gradient: 0-1 min, 2% B; 5-6 min, 98%B) m/z {re] intensity):

1160.3 (26), 580.7 (IM - a0 + HI*, 100): &r = 3.696 min.
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Svathesis of Compound 7389
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Synthesis of H-Gly-Gly-AMB-D-Alg-boroPro-pn HI

To a stirred solution of N-Boc-Gly-Glv-0OH (1.26 g, 5 44 mmal) in avhydrous DMF (50 mL)
was added HATU (2,17 g}, DIEA (2.1 mL) and H-AMB-D-Ala-boroPro-pn. HCI (2.8 g) under
ice~water bath cooling. The resuliing mixture was stirred at room temperature for 2 br and then
condensed in vacuo. The residue was dissoived with ethyl acetate {150 mb)., washed
seguentially by 0.23 N KHSO: (3 x 30 mL), ag. NaHCO; (3 x 30 mb), brine (3 x 30 mlL). The
organic phase was dried over anhydrous MgSQ04, filtered, and evaporated in vacuo, punified by
silica gel flash chromatography ehited with MeOH/DCM, and was then added to a solution of
4N H{ in dioxane (25 mb) under ice-water cooling. The resulting mixiure was stirred at room
temperature for 2 hr and then condensed in vacuo. The residue was co-cvaporated with
dichloromethane (3 x 30 mL) i vaceo to completely dry. H-Gly-Gly-AMB-D-Ala-boroPro-
pn HOE was thus obtained as a pale-vellow solid {1.0 g).

Synthesis of Decaborane-propionyl-Gly-Gly-4AMB-DB-Ala-boroPro (Compound 7389)

l
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To a stirred solution of o-decaboranc-propiomc acid (340 mg, 1.57 mmol} in anhyvdrous BMF
{15 mbL) was added HATU (629 mg), DIEA (0.6 mL) and H-Gly-Gly-AMB-D-Ala-boroPro-
pn HCE (3.0 @) under ice-water bath cooling. The resulting mixture was stirred at room
temperature for 2 hr and then condensed 1n vacuo. The residuc was dissolved with ethyl acatete
(50 mL}, washed sequentially by 0.25 N KHSCs (3 x 10 mL}, ag. NaHCG; (3 x 10 mb), brine
{3 x 10 mb). The organic phase was dried over anhydrous MgSOy, filtered, and evaporated in
vacuo. The residue was dissolved m water (40 ml) and acetonitrile (20 mbL). The pH was
adjusted to 1.5 with 5% HCL Hexanes (80 mL) and phenviboronic acid (383 mg} were added.
The resulting mixture was stirred at room temperature for 3 hr. The aqueous phase was
separated, washed with hexanes (2 x 20 ml.), concentrated in vacuo, and purnified by semi-
preparative HPLC, lyophilized to give the target product. LC-MS (ESIT, nstrumentation:
Agilent 1290 HPLC/6460 Triple Quad LC/MS; column: Poroshell 120 C5-C1E, 2.1 x 50 mm,
2.7 pm; HPLC method: Mobile Phase A 0.1% TFA in water. Mobile Phase B: 0.08% TFA
ACN; Flow rate: 0.5 mb/min, Gradient: 0-1 min, 3% B; 3-6 min,98%B) m/z (rel intensity):

1160.3 (263, 580.7 (IM - FO + HIY, 100): &r = 3.696 min.

Svynthesis of Compound 7036
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Synthetic Scheme: i H-D-Ala-boroPro-pnHCL HATU, DIEA, DMF; i1 4N HCU in dioxane; il
Decaboranc-acetic acid, HATU, DIEA, DMF; tv. PRB(OH)2.

Synthesis of Decaborane-acetyl-TXA-D-Ala-boroPro (Compound 7036}

To a stirred solution of o~decaborane-acetic acid (135 mg, 0.77 munol) 10 ashydrous DMF (10

mbL} was added HATU (307 mg), DIEA (0.3 mL) and H-TXA-D-Ala-boroPro-pn HCH (400

- 69 -



WO 2023/069711 PCT/US2022/047424

mg} under ice-water bath cooling. The resulting mixture was stirred at room temperature for 2
hr and then condensed in vacuo. The residue was dissolved with ethy! acatete (30 mL), washed
sequentially by 0.25 N KHSO: (3 x 10 ml), ag. NaHCG: 3 x 10 mb), brine (3 x 10 mb). The
organic phase was dried over anhyvdrous MgSQu, filtered, and evaporated 1n vacuo to give
Decaboranc-acety-TXA-D-Ala-L-boroPro-pn. Water (40 mL) and acctonitrile (20 mb) were
added. The pH was adjusted to 1.5 with 5% HCL Hexanes (80 mL) and phenyiboronic acid
(188 mg) were added. The resulting nuxture was stivred for 3 hr at room temperature. The
aqueous phase was separated, washed with hexane (2 x 10 mL), concentrated n vacuo, and
purtfied by semi-preparative HPLC, lyophilized to give the target product. LC-MS (ESIT,
Iestrumentation: Agiient 1290 HPLC/6460 Trple Quad LO/MS; columu: Zorbax Eclipse Plus
CI8, 2.1 x 50mm, 1.8 um; HPLC method: Mobile Phase A: 0.1% TFA m water, Mobile
Phase B: $.08% TFA in ACN,; Flow rate: $.4 mbL/min, Gradient: -3 min, 2% B, 12-15 mun,
98%BY m/7 (rel intensity): 4924 ((M - HaO + Hi", 100); tr = 8252 mun.

Syithesis of Compound 7042

H¥al I A boroPropre HOE

843

Syvathetic Scheme: i N-Boc-Gly--Glv-OH, HATU, DIEA, DMF, 1. 4N HCI in dioxane, 1. Decaborane-
acetic acid, HATU, DIEA; w. PRB(OH)2

Synthesis of Decaborane-acetyl-Gly-Giy-Val-D-Ala-boroPro {Compound 7842}

To a stirred solotion of o-decaborane-acetic acid (3.237 g, 1.17 mmeol} in anhydrous DMEF (1.2
mb} and DCM {15 mb) was added HATU (0.468 g), H-Gly-Gly-Val-D-Ala-boroPro-pn HCI
(0.7 ), and DIEA (045 ml) under ice-waier bath cooling. The resulting mixture was stirred

at room temperature for 2 hr and then condensed in vacuo. The residue was dissolved with
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DOCM (45 mb), washed sequentially by 83N KHSO4 (3 x 15 mb}, ag. NaH{UG:; (3 x 13 mb),
brine (15 mL}. The organic phase was dried over anhydrous MgSQ;, filtered, and evaporated
in vacuo. The residue was suspended mn water (530 mL} and acetonitrde (20 ml). The pH was
adjusted to 1.5 with 3% HCIL Hexanes (100 mL} and phenyiboronic acid (285 mg) were added.
The resulting mixture was stirred at room temperature for 3 hr. The aqueous phase was
separated, washed with hexanes (2 x 15 mb}, concentrated in vacuo, and purfied by semi-
preparative HPLC, lvophilized to give the target product. LC-MS (ESIT) m/z (rel intensity):
113205 (73), 566,71 (M - FhO + HJ, 100); tr =915 min.

Synthesis of Compound 7519

p:onvbivase- Loarkervedis A0¥d
CAB IR 8.8

Synthetic Scheme: 1. (COCHZ, DMF, DCM; then B-Ala-boroPro-pr HCY, TEA; 11, PRB(OH)Z.

Synthesis of N-{decaborane-carbonyi}-D-Ala-boroPro-Pa

A dichloromethane solution (10.0 mb} of o-carborane-1-carboxylic acid (101 mg, 1.5 mmol}
and DMF (0.05 mL} was cooled to 0°C, to which was slowly added oxalvi chlonde {0.13 ml).
The resulting solution was stirred for 1 b at room temperature, followed by removal of the
solvent and excess oxalyl chlonde in vacuo. The residue was co-evaporated with
dichloromethane (3 x 10 mL) in vacuo, and then was re-dissolved in dichloromethane (5.0 ny)
and cooled to 0°C, to which was added D-Ala-boroPro-pn HCH (190 mg) and triethviamine
{042 mL). The reaction solution was stirred at room temperature overmght and then quenched
with water {5 mL). The organic layer was separated, and the aqueous layer was extracted with
dichloromethane (2 x 10 mL}. The organic solutions were combined, congentrated in vacuo,
and purified by semi-preparative HPLC, vophilized fo give N-(decaboranc-carbonyl}-B-Ala-
borePro-pn. LC-MS (ESTT) m/z {rel intensityy: 49178 (M + HY™, 100}, 339.76 (603, tr=11.33

min.
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Synthesis of N-{decaborane-carbonyii-D-Ala-boroPro-Pr{Compound 7519
N-{decaborane-carbonyi}-D-Ala-boroPro-po obtained above was dissolved into water (10 mb)
and acctonttrile (8 mb) The pH was adjusted to 2 with IN TFA. MTBE (30 ml) and
phenyiboronic acid {66 mg) were added. The resulting mixture was stirred at room temperature
overnight, and then concentrated in vacuo, purified by semi-preparative HPLC, Ivophilized to
give the target product. LC-MS (ESTY) mz (rel mtensity): 103830 (100), 718.91 (25), 667 .98
(36). 33971 ({M - HoO + HJ™, 98); tr = 9.64 min,

Synthesis of Compound 7037 {aka 728 1)

RO g
CAS: 20

Eaaet Mass 45328

- .
Exact Mass &

Syuthetic Scheme: 1. HATU, DIEA; 1. PhB{OH)2.

Synthesis of Decaborane-aceiyl-AMEB-I¥-Ala-boroPro (Compound 7637}

To a stirred solution of o-decaborane-acetic acid (51 mg, 0.25 mmol} in anhydrous DMF (3
mkb} was added HATU (100 mg), DIEA (0.2 mL) and H-AMB-D-Ala-boroPro-pr HCI (130
mg) under ice-water bath cooling. The resulting mixture was stirred at room temperature for 2
hr and then condensed i vacue. The residue was dissolved with ethyl acatete (30 mL), washed
sequentially by §.1 N KHSO4 (3 x 10 ml), ag. NaHCO: 3 x 10 mL), brine (10 mL}. The
organic phase was dried over anbydrous MaSOq4, filtered, and cvaporated in vacuo o give

Decaborane-acety-AMB-D-Ala-L-boroPro-pn. Water (10 mL) and acetonitrile (5 mL) were

A
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added. The pH was adjusted to 2 with IN TFA. MTBE (25 mL} and phenviboronic acid (33
me} were added. The resulting mixture was stirred at room temperature overnight. The aqueous

phase was separated, washed with MTBE (2 x 10 mb), concendrated in vacuo, and purified by

Eclipse Plus C18 BP-EPLC column (4.6 x 50 mm, 1.8 um), eluent gradient 10% B for the first 3 min,
then from 10% to 98% B over 7 min, which was maintained for the next 5 min} m/z (rel
intensity): 972.87 (66}, 486 .38 ({M - HoO + HY, 100); tr = 8.89 min. "H NMR (D20/CAN-d3):

S130(J=72Hz, 3H), 175 - 179 (m, 1 H), 1.80 - 2.20 (m. 14H), 3.07 - 3.10 (m, 1H),

3.30 (s, 2}, 3.71 - 3.74 (m, 2H), 450 (d, J= 4.8 Hz, 2 H), 7.52 (4, J= 8.4 Hz. 2 H), 7.92 (4,

J=78Hz, 2 H), 867 (s, IH).

Svathesis of Compound 7041

H¥ab D AR -boroPropai

Svathetic Scheme: 1. N-Boc-Gly-O, HATU, DIEA, DMF; i, 4N HClin dicxane; 1. Succinic Anhydride;
iv. 1. 2-Dcarbadodecaborane(12)-1-methanamine (CAS: 23836-16-0), HATU, DIEA; v. PhB{OH)2.
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Synthesis of Suc-Gly-Val-B-Ale-boroPro-Pn

To a stirred solation of H-Gly-Val-B-Ala-boroPro-pn HCL (0.8 g, 1.56 mmol} in anhvdrous
DCM (80 mL) was added DIEA (1.03 ;b)) under wce-water bath cooling. A solution of succinic
anhydride (468 mg} i DCM (20 mL) was then added dropwise. The resulting mixture was
stirred at 0°Cfor 1 hr, and then at room temperature for 2 hr. The mixture was washed
sequentiatly by 0.25N KHS( (3 x 10 mL}, ag. NaHCO: (3 x 10 mb), brine (10 mb). The
organic phase was dried over anhydrous MgSOa, filiered, and evaporated in vacuo to give Sue-
Gly-Val-D¥-Ala-boroPro-pn (0.8 g) as a pale-white sohd.

Synthesis of Decaboranc-methylomino-Suc-Gly-Val-D-Ala-boroPro (Compound 7041)

To a stivred selution of Suc-Gly-Val-D-Ala~-boroPro-pn (0.8 g, 1 .39 mmol} in anhvdrous DMF
(15 mL} was added HATU (0.555 mg}, DIEA (0.5 mL) and Decaborane-methvianune HC1
(£.253 g} under ice~water bath cooling. The resulting mixture was stirred at room temperature
for 2 hr and then condensed in vacuo. The residue was dissolved with EtGAc (50 ml), washed
sequentially by 0 25N KHSO: (3 x 10 ml), ag. NaHCO:; (3 x 10 ml), brine (3 x 10 mb.). The
organic phase was dricd over anhvdrous MgS0Os, filtered, and evaporated in vacuo. The residue
was dissolved into water (40 mL) and acetomitrile (20 mL). The pH was adjusted to 1.5 with
5% HCI Hexanes (80 mL)} and phenylborounic acid (322 mg) were added. The resufting mixture
was stirred at room temperature for 3 hr. The aqueous phase was separated, washed with
hexanes {2 x 10 mb), concentrated m vacuo, and purnified by semi-preparative HPLC,
fvophilized #o0 give the target product LC-MS (ESE, Instrumentation: Agilent 1290
HPLL/6460 Taple Quad LC/MS; colunw: Poroshell 120 CS-C18, 2.1 x 30 mm, 2.7 pwm; HPLC
method: Mobile Phase A: 0,196 TFA m water, Mobile Phase B 0.08% TFA m ACN; Flow
rate: 0.5 mb/min, Gradient: 0-1 min, 5% B; 5-6 min 98%B) m/2 (rel mntensity)y: 1160.3 (203,

580.6 (M - HeO + HI", 100); & = 3.406 min.
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Synthesis of Compound 7311

MMLEDL A4S Neeend BVEATRIES

Syathetic Schemie 1. boroPro-pn, HATUMEART, 1. 4M HO in dioxane; i, HATUDIEA, RT; iv.
PHB(OH)2.

Syathesis of Decaborane-acetyl-D-Ala-boroPro (Compound 7311}

To a stirred solution of o-decaboranc-acetic acid (193 mg, 0.95 mmol} n anhydrous DMF (1
mb} and DCM (10 mL) was added HATU (380 mg), DIEA {0.36 mL) and H-D-Ala-boroPro-
pr HCT (357 mg} veder ice-water bath cooling. The resuiting mixture was stirred at room
temperature for 2 hr and then condensed in vacuo. The residue was dissolved with DCM (30
mb}, washed sequentially by 6.5 N KHSOs (3 x 10 mb), ag. NaHCG; (3 « 10 mL), brine (310
mb}. The organic phase was dried over anhydrous MgSQ4, filtered, and evaporated in vacuo
1o give Decaboranc-acetyl-D3-Ala~-L-boroPro-pn. Water (40 mL) and acetonitrile (16 mL) were
added. The pH was adjusted to 1.5 with 5% HCL Hexanes (80 mL) and phenylboronic acid
{232 mg) were added. The resulting smxture was stirred at room temperature for 3 hr. The
aqueous phase was separated, washed with hexanes (2 x 10 mb}, concentrated in vacuo, and
purified by semi-preparative HPLC, lyophilized to give the target product. LC-MS (EST,

ehuent gradient 3% B for the first 3 min, then from 5% to 98% B over 12 min, which was
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maintaed for the next 5 min} m/7z (rel intensity): 1680.08 (83), 705 81 ¢100), 352.73 (M -
H:O + HIY, 98); tr = 936 min.

Exaowle 2. I Vitre Assay

Biological Matenals: For the in vitro I{C50 determination assays, recombinant human
DPPIV, DPPY, FAP, and PREP were purchased from R&D Systems, and DPPE was from
Biomol International. Buffer systems used were A {25 ;M Trig, pH 8.0}, B {50 mM Tns, pH
7.5), C (50 mM Tris, 140 mM NaCl, pH 7.5, D (25 ;M Tus, 256 mM NaCL pH 7.5), and E
(20 mM Tnis, 20 mM K, pH 7.43. Fluorogemic substrates were Gly-Pro-AMC, Z-GlyPro-
AMC, or Suc-Gly-Pro-AMC purchased from Bachem or an Nterminally blocked FAP gpecific
substrate. The cell culture medium was RPMI 1640 without phenol red and supplemented with
2 mM Lglutarune, 10 mbM HEPES, 1 mM sodium pyruvate, 4500 mg/L glucose, 100 UL
penicillin, and 100 pe/mL streptomycein. Substrate Specificity Assay. Peptide hibranies (0.21
mM} were incubated for 24 h with T nM FAP 1o buffer E at 37 °C. The reaction was gquenched
by the addition of 1.2 N HCI. The samples were analvzed by reverse-phase HPLC-MS on a
Thermo Finnigan LCG Duo, quantifying the peaks in the resulting base peak chromatograms.
Relative cleavage values were determuned by comparing the postquench abondance of intact
peptides 1o those in the mitial library.

in Vitro Enzyme Ise Assays. Enzvmatic activity of DPPIV, DPPR, DPPY, FAP, and
PREP was measured at 25 °C on a Molecular Devices M2¢ multidetection microtiter plate
reader, monitoring the fluorescence at an excitation wavelength of 380 nm and an emission
wavclength of 460 nm. The substrate was either H-Glv-Pro-AMC for the DPPIV, DPPE, and
DPPY assays or £-Gly-Pro-AMC for the FAP and PREP assays. The reaction mixture contained
25 uM substrate, enzyvme, baffer A (DPPLV and DPPY}, buffer B (DPPS}, buffer C (FAP), or
bufter D (PREP) and a suitable amount of mhibitor (ranging between 10—4 and 10-11 M) a
total volume of 210 pl. The final enzyme concentrations were 0.1, .8, 0.4, 1.2, and 0.6 nM
for DPPIV, DPPE, DPPY, FAP, and PREP, respectively. The Ise value is defined as the
concentration of inhibitor required to reduce the enzyme activity by 50% after a 10 min
preincubation with the enzyme at 25 °C prior to addition of the substrate. Tnhibitor stock
sohutions {100 mM) were prepared m either a pH 2.6 HCI solution for compounds 1 and 20 or
DMSO. Those prepared in pH 2.0 solation were preincubated at 25 °C for 4 h prior to dilution.
Immediately prior to the commencement of the experiment, the 100 mM stocks were further
diuted to 10-3 M in the appropriate assay buffer, from which 110 sernal dilutions were

prepared. All inhibitors were tested m triplicate. Results are shown in Table 1.
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EQUIVALENTS

While specific embodiments of the subject invention have been discussed, the above

specification 1s dlustrative and not restrictive. Many vanations of the mvention will become
apparent to those skilled 1 the ant upon review of this specification and the claims below. The
full scope of the invention should be determined by reference to the ¢laims, along with their

full scope of equivalents, and the specification, along with such variations.
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CLAIMS

B2

[9Y]

A composition for delivering neutron capture agents to cells expressimg fibroblast
activation protein {FAP), wherein the composition comprises a FAP binding moicty

{FAP-bm) associated {covalently or non-covalently) with a neutron capture agent.

The composition of claim I, wherein binding of the FAP-bm to FAP on the surface of
a coll expressing FAP results in intracellular internalization of the neutron capture

agent.

The composition of claim 1 or 2, whercin binding moiety of the FAP-bm is an FAP
mhibitor.

The composition of any one of claims 1-3, wherein the neatron capture agent
comprises one or more atoms selected from the group consisting of 1B, ¢Li, “He,

L3¢, ¥9Sm, P7Gd, WWAw U, TOHS, TTHE URHE, TVHE and HE

A compound of formula E:

,JXJ\ RE ]
g N)Yi\{ J\Rg
R' O Ly
R (1.

or a pharmaceutically acceptable salt thercof, wherein

XiweQOors,

Riis Hor (Ci-Co) atkyl:

R? s H or (Ci-Co) alkyl;

R3 s halogen, nifro, cyano, amino, acylamine, amido, hydroxyl, alkoxy, acyloxy,
thiol, alkylthio, alkyl, aralkyl, heteroaralkyl, alkenyl, alkynyi, carbocyclyl,
heterocyclyl, aryl, or heteroaryl;

n 18 an integer selected from O to 7;

R* is amino, alkoxy, acyloxy, alkvl, aralkyl, heteroaralkyl, alkenvl, alkynyvl,
carbocyelyl, heterocyelyl, arvl, or heteroaryl; and

R is a moicty comprising at least one boron atom.
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The compound of claim 3, wherein the compound s a compound of formula L-a:

: Y
R“)J\'N/YN\.’/HJ\RS

R' O z,\—z‘
R (I-ﬂ).

The compound of claim 3 or 6, wherein X 18 O

The compound of any one of claims 3-7, wherein Rl is H.

The compound of any one of claims 5-8, wherein R? is (C1-Ce) alkyl.

The compound of any one of claims 5-8, wherein R? is methyl,

The compound of any one of claims 3-10, wherein R is halogen, nitro, cyano, amino,

acviamino, amido, hydroxyl, alkoxy, acyloxy, thiol, or alkvithio.

The compound of any one of claims 53-10, wherein R is alkyl, aralkyl, hetercaralkyl,

alkenyl, alkynyl, carboeyelyl, heterocyelyl, arvl, or heteroaryl.

The compound of any one of clatms 5-12, whereinn is 0.

X 17
= b

The compound of any one of claims 3-13, wherein R* is amino, alkoxy, or acryloxy.

The compound of any one of claims 5-13, wherein R* is arvlamino or

heteroaryvlamino.

The compound of any one of claims 5-13, wherein R* is pyridinyl.

The compound of any one of claims 3-16, wherein R is a moiety comprising at feast

one 1B,

The compound of any one of claims 5-17, wherein R® is a moiety comprising

boronophenylalanine, having the structure of

-84 -
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OH
B
;‘/’\\],f “OH
X
. N
;\g GH
O
19 The compound of any one of claims 5-17, whercin R is a moiety comprising
carborane.
20 The compound of claim 19, wheremn the carborane 1s decaborane.
2L The compound of any one of claims 5-20, wherein R® is a moicty further comprising a

self-immolative linker.

[
F\J

The compound of claim 21, wherein the self-inunolative linker is selected from the

group consisting of;

\‘o
(Ra)m ¢ e
Bl o
%X‘Q """ ’
O
/
o)
Y .
____________ /O mﬂiﬁ r?z} /Y (R3 ) m v
vl N A A R RO
! TN N O N g
} T
(R%)m G pe R® RP
(R%
R?\ ., m
HOLC N " (R
2% 1y N O %
N g (R%) }’SJ\O |/§/‘L
Vs N f/; rd
“f O y . O e e
A % L s
o %30 v HO
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{R¥)m (R,
HO i \\ l \/{*
A &
Y 5 (R¥)m
N i ot
O ‘_g‘\?rv'O /\/i
PN o Aa
0 , and Yoo,

wherein:

each R” mndependently is halogen, nitro, cyano, amino, amido, hydroxyl, alkoxy,
arvioxy, acvloxy, carboxyl, thiol, alkvithio, arvlthio, acvithio, alkvi, alkenyl,
alkynyl, carboeyelyl, heterocyelyl, aryl, or heteroaryl; and

cach R® independently is alkyl, aralkvl, heteroaralkyl, alkenyl, alkynyl, carbocyelyi,
heterocvelyl, aryl or heteroarvi;

Yis {3, N, or$s;

m 1s an nfeger selected from O to 6, as valency permits; and

11s an integer selected from 1-6.
The compound of claim 22, wherein1is 1 or 2.

The compound of claim 22, wherein the self-inunolative linker is

O
G
e
L Y}L |

The compound of any one of claims 22-24, wherein YV is N.
The compound of any onc of claims 22-25, whercin m is O,
A compound of fornmda FE:

RE /
KN NA
R4 N
}’27 O B,
HO

OH (i),

10y
(R%)

or a pharmaceutically acceptable salt thereof, wherein

Ais a 4- to T-membered heterocvele;
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R7 is H or (C1-Ce) alkyl:

R¥is H or (Ci-Co) altkyl:

R1%1s halogen, nitro, cyano, ammno, anudo, hydroxyl, alkoxy, arvioxy, acyloxy,
carboxyl, thiol, alkvithio, arvithio, acvithio, alkyl, alkenvl, alkvnyl, carboeyelyi,
heterooyclvl, aryl or hetercaryl;

g is an infeger selected from G to 10, as valency permits;

X' is an alpha amino acid residue, or -XA-X B X0 XIP L wherein gach XA, X8, X1©
and X'V is independently a bond, ~-C(Q)-, -CHC{O)-, alpba amino acid residue,
substituted or unsoebstituted {(C1-Ci2) alkviene, substituted or ansubstituted 2 to 12
membered heteroalkylens, substituted or unsubstituted (C5-Ce) cycloalkyvlene,
substituted or unsubstituted 3 to 8 membered heterocyeloalkylene, substituted or
unsubstituted (Ce-Cs) arviene, or substituted or unsubstituted 5 to 8 membered
heteroarviene, provided that at least one of X', X8 X'Cand X1 is not a bond;

p 1s an integer selected from 0 to 3; and

R? 15 a moiety comprising at least one boron atom.

The compound of claim 27, wherein the compound is a compound of formula H-a:

(R G
R

Rgf(xwp\t@,&rri\g/

R” G __B.
HO™ OH (Ti-a).
The compound of claim 27, wherein the compound is a compoand of formula H-b:

0
(R,

RS /'?\ '

o-(X )0 J\7 N/
: R

 SierPon g,

The compound of any one of claims 27-29, wherein A is a S-membered heteroeycle.
The compound of any one of claims 27-30, wherein R7is H,
The compound of any one of claims 27-31, wherein R®is (C1-Co) alkyl.

The compound of any one of claims 27-3 1, wherein R® 15 methyl.
Ih d of am fel 27-31. wh R® thyi
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38,

[

38,

44.

41.

~

The compound of any one of claims 27-33, wherein g 1s 0.

The compound of any one of claims 27-30, wherein X! comprises a natural or

modified alpha amino acid residue.

The compound of claim 35, wherein the natural alpha amino acid residuc is selected
from the group consisting of Val, Glv, He, Ala, Leu, Met, Phe, Tyr, and Trp.
The compound of claim 36, wheremn the natural alpha anuino acid residuc 15 selecied

from the group consisting of Val, Gly, and Ala.

The compound of any onc of claims 27-34, wherein:
each X'4 and X' is independently ~CHCHLC(O)-, -CH{O)- or -C(O)-; and
cach X% and X% is independently a substituted or unsubstituted cyclohexylene,

substituted or unsubstituted phenviene, or 2 to 6 membered hetercalkyiene.

The compound of any one of claims 27-35, wherein:

X4 s -CHoCHRC(O)-, -CHRC(O)- or -C(0)-; and

XIB K€ and XV is independently a bond or amino acid residue wherein at least one
of X'B, ¥Cand X' is not a bond.

The compound of any one of claims 27-39, wherein p is an integer sclected from 0 to

3.

The compound of any one of claims 27-40, wherein R is a moiety comprising at least

one B,

The compound of any one of claims 27-41, wherein R? is a2 motety comprising

carborane.

The compound of claim 42, wheremn the carborane 1s decaborane.

)
l
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44.

R
(¥

46,

e
N
~d

48.

49.

The compound of any one of claims 5-43, wherein the boron atom of the boronic acid

comprises a greater than natural abundance of B,

The compound of any one of claims 5-44, wherein the boron atom of the boronic acid

gomprises at feast about 25% VB,

The compound of any one of claims 5-43, wherein the boron atom of the borouic acid

comprises at least about 50% B,

A pharmaceutical comaposttion, comprising a compound or composttion of any one of

claims 1-46.

A method of treating cancer, comprising administering to a patient in need thereof an

effective amount of a compound or composition of any one of claims 1-46,

The method of claim 48, further compnising trradiating the patient with neutrons.

The method of claim 48 or 49, wherein the cancer 1s selected from lung cancer,
colorectal cancer, bladder cancer, gvarian cancer, breast cancer, bone cancer and soft

fissue sarcoma.

An in vivo method of concentrating neutrons in a cell, comprising (1) admunistering to
a patient an effective amount of a compound or compoesition of any one of claims 1-

47, and {11} rradiating the patient with neutrons,

1]
o
N

¥
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FIG.1
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. X Claims Nos.: 4, 8.26, 31-51
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
Group |, Claims 1-3 are directed toward a composition for delivering neutron capture agents to cells expressing fibroblast
activation protein FAP, wherein the composition comprises a FAP binding moiety FAP-bm associated covalently or
non-covalently with a neutron capture agent.

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-***-Continued From Box No. Ill: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, Claims 1-3 are directed toward a composition for delivering neutron capture agents to cells expressing fibroblast activation
protein FAP, wherein the composition comprises a FAP binding moiety FAP-bm associated covalently or non-covalently with a neutron
capture agent.

Group II, Claims 5-7 are directed toward a compound of formula | having a moiety R5-C(O)- attached to the Pyrralidinyl ring, wherein RS
is a molety comprising at least one boron atom. .

Group [ll, Claims 27-30 are directed toward a compound of formula It having (HO)2B- moiety attached directly to the Pyrrolidinyl ring.

The inventions listed as Groups |, |1 and 11l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of
Group | include a composition for delivering neutron capture agents to cells expressing fibroblast activation protein FAP, wherein the
composition comprises a FAP binding moiety FAP-bm associated covalently or non-covalently with a neutron capture agent, which are
not present in Groups |l and I1I; the special technical features of Group Il include a compound of formula | having a moiety R5-C(Q)-
attached to the Pyrrolidinyl ring, wherein R5 is a moiety comprising at least one boron atom, which are not present in Groups | and IIt; the
special technical features of Group Il include a compound of formula Il having (HO)2B- mioiety attached directly to the pyrrolidinyl ring,
which are not present in Groups | and |l

Groups |, Il and Il do not share technical features and lack unity a priori.

Groups Il and Il share the technical features including the compound having N-CHR-C(O)- moiety attached to the nitrogen atom of the
pyrrolidinyl ring, where pyrrolidinyl ring is also substituted a moiety comprising boron.

However, these technical features were previously disclosed by the publication entitled “Investigation of the Biological Function of
Fibroblast Activation Protein and its Potential as a Therapeutic Target in Cancer and Diabetes” (COPPAGE).

COPPAGE discloses the compound having -N-CHR-C(O)- moiety attached to the nitrogen atom of the pyrrolidinyl ring, where pyrrolidinyl
ring is also substituted a moiety comprising boron (the -N-CHR-C(O)- moiety attached to the nitrogen atom of the pyrrolidinyl ring, where
pyrrolidinyl ring is also substituted a moiety comprising boron in the compound Glu-boroPro; page 52, figure 6).

Since none of the special technical features of the Groups Il and IIi inventions is found in more than one of the inventions, and since all of
the shared technical features are previously disclosed by the COPPAGE references, unity of invention is lacking.
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