(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

>

(19) World Intellectual Property
Organization
International Bureau /
(43) International Publication Date ——/
06 October 2022 (06.10.2022)

(10) International Publication Number

WO 2022/212958 Al

WIPOIPCT

(51) International Patent Classification:
AG61K 3174709 (2006.01) AG61K 51/04 (2006.01)
AG61K 51/00 (2006.01)

(21) International Application Number:
PCT/US2022/023374

(22) International Filing Date:
04 April 2022 (04.04.2022)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/170,035 02 April 2021 (02.04.2021) us

(71) Applicant: THE JOHNS HOPKINS UNIVERSITY
[US/US]; 3400 North Charles Street, Baltimore, Maryland
21218 (US).

(72) Inventors: RAY, Sangeeta Banerjee; c/o The Johns Hop-
kins University, 3400 North Charles Street, Baltimore,
Maryland 21218 (US). BOINAPALLY, Srikanth; c/o The
Johns Hopkins University, 3400 North Charles Street, Bal-
timore, Maryland 21218 (US). POMPER, Martin Gilbert;
c/o The Johns Hopkins University, 3400 North Charles
Street, Baltimore, Maryland 21218 (US). HORTI, An-
drew; c/o The Johns Hopkins University, 3400 North
Charles Street, Baltimore, Maryland 21218 (US). DAS,
Deepankar, c/o The Johns Hopkins University, 3400 North
Charles Street, Baltimore, Maryland 21218 (US). MINN,
1I; c/o The Johns Hopkins University, 3400 North Charles
Street, Baltimore, Maryland 21218 (US). CARROLL,
Laurence; c/o The Johns Hopkins University, 3400 North
Charles Street, Baltimore, Maryland 21218 (US). CHA,
Hyojin; c/o The Johns Hopkins University, 3400 North
Charles Street, Baltimore, MD 21218 (US).

Agent: CHILDERS, Jeffrey W.; Casimir Jones, S.C,
2275 Deming Way, Suite 310, Middleton, Wisconsin 53562
(Us).

Designated States (unless otherwise indicated, for every
kind cf national protection available). AE, AG, AL, AM,
AQ,AT. AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
Dz, EC, EE, EG. ES, FIL, GB, GD, GE, GH, GM. GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JM, JO. JP, KE, KG, KH,
KN,KP,KR,KW,KZ, LA, LC, LK. LR, LS, LU, LY, MA,
MD. ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM,

(74)

(1)

TN, TR, TT,TZ,UA, UG, US,UZ, VC, VN, WS, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind cf regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM. AZ, BY, KG, KZ, RU, TJ,
TM), Ewropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

wo 20227212958 A1 | 0K 0 0 O O

(54) Title: HETEROBIVALENT AND HOMOBIVALENT AGENTS TARGETING FIBROBLAST ACTIVATION PROTEIN AL-
PHA AND/OR PROSTATE-SPECIFIC MEMBRANE ANTIGEN

(57) Abstract: Imaging and radiotherapeutic agents targeting fibroblast-activation protein-o. (FAP-o)) and/or prostate-specific mem-
brane antigen (PSMA) and their use in imaging and treating FAP-o and/or PSMA -related diseases and disorders are disclosed.

Johns Hopkins University EX2045
GE Healthcare v. Johns Hopkins
[PR2026-00069



10

15

20

25

WO 2022/212958 PCT/US2022/023374

HETEROBIVALENT AND HOMOBIVALENT AGENTS TARGETING FIBROBLAST
ACTIVATION PROTEIN ALPHA AND/OR PROSTATE-SPECIFIC MEMBRANE ANTIGEN

STATEMENT OF GOVERNMENTAL INTEREST
This invention was made with government support under grants CA134675 and
EB024495 awarded by the National Institutes of Health. The government has certain rights in the

invention.

BACKGROUND

Prostate-specific membrane antigen (PSMA) can act a target for a wide variety of
cancers, including prostate cancer and clear cell renal carcinoma. In addition to being expressed
in the tumor epithelium, PSMA also is expressed in the neovasculature of essentially all solid
tumors. Fibroblast activation protein alpha (FAP-a), on the other hand, is expressed in cancer-
associated fibroblasts, which are important promoters of the malignant phenotype and are
likewise in nearly all cancers. Accordingly, PSMA and FAP-a can serve as markers for different
aspects of cancer, i.e., epithelium and the tumor microenvironment. A platform targeting both
PSMA and FAP-q simultaneously would not only be able to image, but if suitably functionalized
with therapeutic agents, also would be able to treat cancers associated with PSMA and FAP-a in

a superior fashion to any one agent alone.

SUMMARY
In some aspects, the presently disclosed subject matter provides a compound of Formula
(D
¢
Lc
A-L,—L,-B m;
wherein:

A is a targeting moiety for fibroblast activation protein alpha (FAP-a),
B is a targeting moiety for prostate-specific membrane antigen (PSMA) or FAP-q,

wherein if A and B are each a targeting moiety for FAP-a, they can be the same or different;
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C is any optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, positron emission tomography (PET) imaging, single-photon emission
computed tomography (SPECT) imaging, or radiotherapy; and

La, Ly, and Lc are each a bi-functionalized linker capable of forming a chemical bond

5  with each other and A, B, and C, respectively.

In other aspects, the presently disclosed subject matter provides a compound of formula

11):
y(R'lx) (R2x)y
(Rax) Cz
y XH N N
Oa N o
/ | R4X
21(Rsy) S
SN (Rex)zz (1),
10 wherein each y is independently an integer selected from the group consisting of 0, 1, and
2;

Rix, Ray, and Rsy, are each independently selected from the group consisting of H, OH,
halogen, Crsalkyl, -O-Ci.calkyl, and -S-C1.salkyl,

Rux is selected from the group consisting of H, straight-chain or branched C1-s alkyl, -

15  (CHz)g-aryl, and hydroxyl-substituted straight-chain or branched Ci-s alkyl, wherein g4 is an
integer selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

Rsx and Rex are each independently H, halogen, or -O-(CH2)z3-Xa, wherein z1 is an
integer from 0 to 4, z2 is an integer from 0 to 2, z3 is an integer from 1 to 6, and Xa is halogen,
provided that Rsx and Rex cannot both be H at the same time; and stereoisomers and

20  pharmaceutically acceptable salts thereof.

In other aspects, the presently disclosed subject matter provides a compound of formula
(1):

In other embodiments, the presently disclosed subject matter provides a compound of formula

(I1):



10

15

20

25

WO 2022/212958 PCT/US2022/023374

C1

Let
A—La—I—Lb—B
Le
C. (I1D);
wherein:
A is a targeting moiety for fibroblast activation protein alpha (FAP-a);
B is absent or a targeting moiety for FAP-a, wherein A and B can be the same or
different;
C1 can be absent or present and when present is a chelating group;
Cz is a prosthetic group;
La and Ly are each a bi-functionalized linker capable of forming a chemical bond with
each other and A, B, C1 and Cy;
Lci and Le2 are each independently a bi-functionalized linker capable of forming a
chemical bond with each other and A, B, La, and Ly,
wherein if C1 is absent, Lc1 also is absent and wherein if B is absent, Ly also is absent;
and stereoisomers and pharmaceutically acceptable salts thereof.

In other aspects, the presently disclosed subject matter provides a compound of formula

{1v):
i
Lc
A-L,——L,-B ),
wherein:

A is a targeting moiety for fibroblast activation protein alpha (FAP-a);

B is a targeting moiety for prostate-specific membrane antigen (PSMA);

C is any optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, positron emission tomography (PET) imaging, single-photon emission
computed tomography (SPECT) imaging, or radiotherapy; and

La, Lb, and Lc are each a bi-functionalized linker capable of forming a chemical bond
with each other and A, B, and C, respectively; and

stereoisomers and pharmaceutically acceptable salts thereof.
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In other aspects, the presently disclosed subject matter provides a pharmaceutical
composition comprising the compound of formula (I-IV). In some aspects, the pharmaceutical
composition comprises one or more of pharmaceutically acceptable carriers, diluents, excipients,
or adjuvants.

In other aspects, the presently disclosed subject matter provides a method for imaging a
disease or disorder associated with fibroblast-activation protein-o. (FAP-o) and/or prostate-
specific membrane antigen (PSMA), the method comprising administering a compound of
formula (I-1V), or a pharmaceutical composition thereof, wherein the compound of formula (I-
IV) comprises an optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, PET imaging, or SPECT imaging; and obtaining an image.

In other aspects, the presently disclosed subject matter provides a method for inhibiting
fibroblast-activation protein-a (FAP-a) and/or prostate-specific membrane antigen (PSMA), the
method comprising administering to a subject in need thereof an effective amount of a compound
of formula (I-IV), or a pharmaceutical composition thereof.

In other aspects, the presently disclosed subject matter provides a method for treating a
fibroblast-activation protein-a (FAP-a)- and/or a prostate-specific membrane antigen (PSMA)-
related disease or disorder, the method comprising administering to a subject in need of
treatment thereof an effective amount of a compound of formula (I-IV), or a pharmaceutical
composition thereof, wherein the compound of formula (I-IV) comprises a radiolabeled
functional group suitable for radiotherapy.

In some aspects, the (FAP-u)-related disease or disorder is selected from the group
consisting of a proliferative disease; diseases characterized by tissue remodeling and/or chronic
inflammation; disorders involving endocrinological dysfunction; and blood clotting disorders.

In certain aspects, the proliferative disease is selected from the group consisting of breast
cancer, colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer, lung
cancer, melanoma, fibrosarcoma, bone and connective tissue sarcomas, renal cell carcinoma,
giant cell carcinoma, squamous cell carcinoma, and adenocarcinoma.

In certain aspects, the prostate-specific membrane antigen (PSMA)-related disease or
disorder is selected from the group consisting of prostate cancer, renal cancer, head cancer, neck
cancer, head and neck cancer, lung cancer, breast cancer, prostate cancer, colorectal cancer,

esophageal cancer, stomach cancer, leukemia/lymphoma, uterine cancer, skin cancer, endocrine
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cancer, urinary cancer, pancreatic cancer, gastrointestinal cancer, ovarian cancer, cervical cancer,
adenomas, and tumor neovasculature. In particular aspects, the prostate-specific membrane
antigen (PSMA)-related disease or disorder comprises prostate cancer.

Certain aspects of the presently disclosed subject matter having been stated hereinabove,
which are addressed in whole or in part by the presently disclosed subject matter, other aspects
will become evident as the description proceeds when taken in connection with the

accompanying Examples and Figures as best described herein below.

BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one figure executed in color. Copies of this
patent or patent application publication with color figures will be provided by the Office upon
request and payment of the necessary fee.

Having thus described the presently disclosed subject matter in general terms, reference
will now be made to the accompanying Figures, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is the chemical structure of a representative compound of formula (I), e.g., [M]-
SB-FAP-01, wherein M is °Ga, 22 Ac, 7’Lu, and **Cu, having dual modalities for PSMA and
FAP,

FIG. 2 is a scheme for the synthesis of FAP-Acetylenel,

FIG. 3 is a scheme for the synthesis of SB-FAP-01;

FIG. 4 is the HPLC report for SB-FAP-01,

FIG. 5 is the HRMS report for SB-FAP-01;

FIG. 6 shows HPLC chromatograms of ®Ga-SB-FAP-01; radioactive peak at 31.1 min
{bottomt), UV peak at 299 min (A = 254 nm) is related to the unbound ligand SB-FAP-01 (top);

FIG. 7 demonstrates that compound SB-FAP-01, a heterobivalent ®*Ga-labeled imaging
agent for positron emission tomography (PET), is able to image tumors derived from FAP+ HT-
1080 human fibrosis cells engineered to overexpressed FAP, but not those which are not, i.e.,
wild type. Small animal PET/CT imaging was performed at 60 minutes after intravenous
administration to this mirroring experimental model; and

FIG. 8 is the cell-binding data of SB-FAP-01 in PSMA + PIP cells (blue) and PSMA-flu
cells (red) (uptake calculated as percent incubated dose (ID%) per 1 million cells).
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FIG. 9A and FIG. 9B show structures of clinically relevant F AP-targeted scaffolds (FIG.
9A) and ®*Cu-FP-L1 and **Cu-FP-L2 (FIG. 9B);

FIG. 10A and FIG. 10B show (FIG. 10A) /i cellulo binding specificity of *'Cu-FP-L1
(mean = SD, n=3) in U87, SK-MEL-24 and isogenic PSMA+/PSMA- PC3 PIP/flu,
PSMA+/PSMA- 786-0 cells at 370C. Data were obtained in two independent experiments with
data presented from one. Receptor blocking studies were performed by co-incubation of either 10
uM FAPI-04 (for FAP blockade) or 10 uM ZJ43 (for PSMA blockade) to assess for binding
specificity; (FIG. 10B) Cell surface FAP and PSMA expression by antibody-based flow
cytometry illustrated by percentage of positive FAP and/or PSMA - expressing cells for the
following lines: human U87 glioma (no staining for PSMA, high staining for FAP); human SK-
MEL-24 melanoma (modest staining for PSMA, high staining for FAP), PC3 PIP (high staining
for PSMA, no staining for FAP); PC3 flu (no staining for PSMA, no staining for FAP), PSMA+
786-0 (high staining for PSMA, low/no staining for FAP) and 786-0 vector (no staining for
PSMA, no staining for FAP). Data were obtained in three independent experiments with data
presented from one;

FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 11E, and FIG. 11F show: FIG. 11A.
Experiment 1: scheme; FIG. 11B, FIG. 11C. Quantitative PET/CT imaging and region-of-
interest (ROI) analysis of **Cu-FP-L1 (7.4 MBq in 150 pL saline) in U87 tumor-bearing mice
(n=3/timepoint). FIG. 11D. Biodistribution data are shown as percentage of injected dose per
gram of tissue (%ID/g), mean = SD; FIG. 11E. /n vivo specificity using either 10 nmol FAPI-04
(FAP blockade) or ZJ43 (PSMA blockade) per mouse, co-injection, 0.74 MBq in 150 uL saline
(n=4); FIG. 11F. Head-to-head comparison H&E and THC (at 10x magnification) of U87 tumor
sections from the same cohort of mice displayed high FAP (brown staining) and no PSMA (no
staining) expression, and in PSMA-+ PC3 PIP tumor with medium FAP and high PSMA
expression. Significance was determined by the unpaired t test;

FIG. 12A, FIG. 12B, FIG. 12C, FIG. 12D, FIG. 12E, and FIG. 12F show FIG. 12A.
Experiment 2: scheme; FIG. 12B. Quantitative PET imaging and region-of-interest (ROI)
analysis of ®Cu-FAP-L1 in SK-MEL-24 tumor-bearing mice (n=4/group). Tumor uptake is
indicated with a black arrow. FIG. 12C. Receptor blockade: tumor (red), kidney (yellow) dotted
area [coinjection of PSMA-targeted ZJ43 or co-injection of FAP-targeted FAPI-04 or

autoblockade with FP-L1 (10 nmol per mouse) was performed at 30 min]. Absence of renal
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uptake upon administration of ZJ43 or non-radiolabeled FP-L1 indicates PSMA binding
specificity; FIG. 12D. Quantitative depiction of PET/CT data; FIG. 12E. Mice were euthanized
for biodistribution study at 2 h after imaging. Biodistribution data are shown as percentage of
injected dose per gram of tissue (%ID/g), mean + SD. FIG. 12F. H&E for morphology (at 10x
magnification) and brown staining (IHC) for FAP and PSMA expression from the same cohort of
mice used in this experiment showing high FAP expression and no PSMA expression;

FIG. 13A, FIG. 13B, FIG. 13C, FIG. 13D, and FIG. 13E show whole-body PET imaging
of a KPC mouse using *Cu-FP-L1 showing localization in pancreatic lesions. FIG. 13A.
Experiment 3: scheme; FIG. 13B. Age-matched healthy littermate (left) and KPC mouse (right)
after 2 h. Intense uptake in the abdominal area (red arrows), kidney (yellow dotted area) and
salivary glands (red circle); FIG. 13C. (Left) Ex vivo near-infrared fluorescence imaging of
selected tissues at 2 h after administration of IRDye800-FP-L1 showing intense uptake in
pancreas (yellow dotted area), metastatic lesions (yellow arrows), and (right) a white light
photograph of the tissues; FIG. 13D. Left to right: H&E (whole tissue and at 40> magnification)
were acquired, demonstrating the presence of PDAC and PanIN lesions; FAP-positive IHC (10x
magnification) of PDAC; and, FAP-negative healthy tissues. FIG. 13E. PSMA-specific staining
of healthy pancreas and kidney and tumor tissue sections;

FIG. 14A, FIG. 14B, and FIG. 14C show: FIG. 14A. PET/CT imaging of **Cu-FP-L1 in
PSMA+ 786-0 (n=2) tumor-bearing mice shows intense uptake in the tumor (red) and kidney
(yellow) dotted areas; FIG. 14B. Biodistribution data are shown as percentage of injected dose
per gram of tissue (%ID/g), mean + SD (n=4); FIG. 14C. Left to right: H&E and ITHC
microscopic image of the tumor tissues from the same cohort of mice showing clear cell
morphology (10x magnification) and positive (brown) staining for FAP and PSMA expression
from the same cohort of mice, 10x magnification;

FIG. 15 is a schematic of a synthesis scheme for FP-L1;

FIG. 16 is a schematic of a synthesis scheme for FP-L2;

FIG. 17 shows dose dependent responses (sigmoid curves) of FP-L1 and FPL2 against
designated substrates of PSMA (NAAG), FAP and PREP (Z-Gly-Pro-AMC) and DPPIV (H-Gly-
Pro-AMC), respectively, in presence of either the corresponding recombinant enzymes for FAP,

PREP and DPPIV and LNCaP cell lysate for PSMA,;
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FIG. 18 shows static PET imaging of U87 tumor bearing mice during 1- 4 h post-
injection after administration of %“Cu-FP-L1. A blocking study also was performed using co-
injection of 50 nmol of FAPI-04 showing significant reduction of tumor and non-specific tissue
uptake. This study was done from the batch of mice with small tumor underwent biodistribution
study at 2h;

FIG. 19 shows sequential PET imaging and biodistribution study of **Cu-FPL2 at 24 h;

FIG. 20 shows the synthesis of IR800Dye-FP-L1; and

FIG. 21 shows the H&E staining of lung, liver and gall bladder of the KPC mouse.

DETAILED DESCRIPTION

The presently disclosed subject matter now will be described more fully hereinafter with
reference to the accompanying Figures, in which some, but not all embodiments of the
inventions are shown. Like numbers refer to like elements throughout. The presently disclosed
subject matter may be embodied in many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will satisfy applicable legal requirements. Indeed, many modifications and other
embodiments of the presently disclosed subject matter set forth herein will come to mind to one
skilled in the art to which the presently disclosed subject matter pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated Figures. Therefore, it is to
be understood that the presently disclosed subject matter is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims.
I. HETEROBIVALENT AND HOMOBILVALENT AGENTS TARGETING FIBROBLAST
ACTIVATION PROTEIN ALPHA AND/OR PROSTATE-SPECIFIC MEMBRANE ANTIGEN

Fibroblast-activation protein-a (FAP-) is a type I integral membrane serine protease of
the prolyl oligopeptidase family, which are distinguished by their ability to cleave the Pro-AA
peptide bond (where AA represents any amino acid). FAP-a exists as a homodimer to carry out
its enzymatic function. It has been shown to play a role in cancer by modifying bioactive
signaling peptides through this enzymatic activity (Kelly, et al., 2005; Edosada, et al., 2006).
FAP-o expression has been detected on the surface of fibroblasts in the stroma surrounding

greater than 90% of the epithelial cancers, including, but not limited to, malignant breast,
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colorectal, skin, prostate, pancreatic cancers, and the like, and inflammation diseases, including,
but not limited to, arthritis, fibrosis, and the like, with nearly no expression in healthy tissues.
Inhibitors selectively targeting FAP-o. has been reported (Lo, et al., 2009; Tsai, et al., 2010;
Ryabtsova, et al ., 2012; Poplawski, et al., 2013; Jansen, et al., 2013; Jansen, et al., 2014).

More particularly, FAP-o. expression has been detected on the surface of fibroblasts in the
stroma surrounding >90% of the epithelial cancers examined, including malignant breast,
colorectal, skin, prostate, and pancreatic cancers. (Garin-Chesa, et al., 1990; Rettig, et al., 1993;
Tuxhorn, et al , 2002; Scanlan, et al., 1994). Itis a characteristic marker for carcinoma-
associated-fibroblast (CAF), which plays a critical role in promoting angiogenesis, proliferation,
invasion, and inhibition of tumor cell death. (Allinen, et al., 2004; Franco, et al., 2010). In
healthy adult tissues, FAP-a expression is only limited to areas of tissue remodeling or wound
healing. (Scanlan, etal., 1994; Yu, et al., 2010, Bae, et al., 2008; Kraman, et al., 2010). In
addition, FAP-a-positive cells are observed during embryogenesis in areas of chronic
inflammation, arthritis, and fibrosis, as well as in soft tissue and bone sarcomas. (Scanlan, et al.,
1994; Yu, et al., 2010). These characteristics make FAP-o. a potential imaging and
radiotherapeutic target for cancer and inflammation diseases.

Because FAP-o.is expressed in tumor stroma, anti-FAP antibodies have been investigated
for radioimmunotargeting of malignancies, including murine F19, sibrotuzumab (a humanized
version of the F19 antibody), ESC11, ESC14, and others. (Welt, et al., 1994; Scott, et al., 2003;
Fischer, et al, 2012). Antibodies also demonstrated the feasibility of imaging inflammation,
such as rheumatoid arthritis. (Laverman, et al., 2015). The use of antibodies as molecular
imaging agents, however, suffers from pharmacokinetic limitations, including slow blood and
non-target tissue clearance (normally 2—5 days or longer) and non-specific organ uptake. Low
molecular weight (LMW) agents demonstrate faster pharmacokinetics and a higher specific
signal within clinically convenient times after administration. They also can be synthesized in
radiolabeled form more easily and may offer a shorter path to regulatory approval. (Coenen, et
al., 2010; Coenen, et al., 2012; Reilly, et al., 2015). To date, however, no LMW ligand has been
reported with ideal properties for nuclear imaging of FAP-o.

Likewise, the prostate-specific membrane antigen (PSMA) is a type Il integral membrane
protein expressed on the surface of prostate tumors, particularly in castrate-resistant, advanced,

and metastatic disease (Huang, 2004; Schuelke, 2003). PSMA also is expressed in neovascular
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endothelium of most solid tumors, such as lung, colon, pancreatic, renal carcinoma, and skin
melanoma, but not in normal vasculature (Liu, 1997; Chang, 1999), which makes it an excellent
target for imaging and targeted therapy of these cancers.

The presently disclosed subject matter provides, in part, compound comprising a FAP-o
selective targeting moiety and a PSMA selective targeting moiety that can be modified with an
optical dye, a radiometal chelation complex, and other radiolabeled prosthetic groups, thus
providing a platform for the imaging and radiotherapy targeting FAP-o. and PSMA.

Radionuclide molecular imaging, including positron emission tomography (PET), is the
most mature molecular imaging technique without tissue penetration limitations. Due to its
advantages of high sensitivity and quantifiability, radionuclide molecular imaging plays an
important role in clinical and preclinical research (Youn, et al., 2012; Chen, et al., 2014). Many
radionuclides, primarily - and alpha emitters, have been investigated for targeted
radioimmunotherapy and include both radiohalogens and radiometals (see Table 1 for

representative therapeutic radionuclides).

Table 1. Representative Therapeutic Radionuclides
B-particle emitters 90y, BT 177y, 13Sm, 186Re, 1%8Re, ’Cu, 212Pb

a-particle emitters 2B5Ac, 213Bi, 21Bi, 2!1At, 21?Pb

Auger electron emitters | '2°I, 121, ¢7Ga, !In

Radioisotopes suitable for use with the presently disclosed subject matter also include,
but are not limited to, 'C, ®F, 3!Cr, 8Ga, **™Tc, '3°La, “°La, 17°YD, 1*3Sm, $Ho, #Y, “°Pm,
165Dy 169F; 1771y 47§ 142pr 19Gd, 212Bj 2As. *Se, “Ru, Pd, 15Rh, ®'mRh, 1°Sb, **Ba,
1241 197 1Sy 159y 169y 201T] 203pp, 840y, 98Ay, 25 Ac, 27Th, and 'PAg,

Fluorescent dyes suitable for use with the presently disclosed subject matter include, but
are not limited to, xanthenes, acridines, oxazines, cyanines, styryl dyes, coumarines, porphines,
fluorescent proteins, perylenes, boron-dipyrromethenes, and phtalocyanines.

The highly potent and specific binding moiety targeting FAP-o and PSMA enables its use
in nuclear imaging and radiotherapy. The presently disclosed subject matter provides the first
synthesis of nuclear imaging and radiotherapy agents based on this dual-targeting moiety to

FAP-a and PSMA.

10
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Accordingly, in some embodiments, the presently disclosed subject matter provides
potent and selective low-molecular-weight (LMW) ligands of FAP-q, i.e., an FAP-q selective
inhibitor and a PSMA selective inhibitor, conjugated with optical dyes or radiolabeling groups,
including metal chelators and metal complexes, which enable in vivo optical imaging, nuclear
imaging (optical, PET and SPECT), and radiotherapy targeting FAP-o and PSMA.

Importantly, the presently disclosed compounds can be modified, e.g., conjugated with,
labeling groups without significantly losing their potency. The presently disclosed approach
allows for the convenient labeling of the FAP-a ligand and PSMA ligand with optical dyes and
PET or SPECT isotopes, including, but not limited to, ®®Ga, *Cu, *F, 3¢Y, Y, ¥Zr, 1ln, *™Tc,
1251 1%, for FAP-a and/or PSMA related imaging applications. Further, the presently disclosed
approach allows for the radiolabeling of the FAP-a, and PSMA targeting compound with
radiotherapeutic isotopes, including but not limited to, *°Y, !""Lu, 12°T, BT, 2!1At, n, 153Sm,
18Re, 18Re, ©’Cu, 2!2Pb, 29 Ac, 2PBi, 212Bi, *2Pb, and ®’Ga, for FAP-a and/or PSMA related
radiotherapy.

A. Compounds

The presently disclosed subject matter provides a heterobivalent compound targeting the
prostate-specific membrane antigen (PSMA) and fibroblast activation protein (FAP) that can
serve as a platform for imaging and treating cancer. The imaging and therapeutic agents were
developed independently targeting each of these cancer-associated proteins. Without wishing to
be bound to any one particular theory, it is thought that it was necessary to combine agents
targeting PSMA and FAP into one platform because they delineate different aspects of the tumor
and its microenvironment.

The imaging aspect can involve a variety of modalities, including near-infrared optical
imaging, positron emission tomography (PET), single photon emission computer tomography
(SPECT) and magnetic resonance imaging (MRI), for example.

The therapeutic aspect can involve a variety of therapeutic nuclides, including, but not
limited to, '""Lu, 2!'At, 22°Ac, among others. A chemical toxin also can be affixed to the
platform.

In some embodiments, the presently disclosed subject matter provides a compound of

Formula (I):

11
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c

T
L

A—La—lc—Lb—B M
wherein:
A is a targeting moiety for fibroblast activation protein alpha (FAP-q),
B is a targeting moiety for prostate-specific membrane antigen (PSMA) or a targeting
5  moiety for FAP-o, wherein if A and B are each a targeting moiety for FAP-q, they can be the
same or different;

C is any optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, positron emission tomography (PET) imaging, single-photon emission
computed tomography (SPECT) imaging, or radiotherapy; and

10 La, Lb, and Lc are each a bi-functionalized linker capable of forming a chemical bond
with each other and A, B, and C, respectively.

Suitable FAP-a specific targeting moieties are provided in International PCT Patent
Application Publication No. W02019/083990 A2 to Yang et al., for Imaging and
Radiotherapeutic Agents Targeting Fibroblast-Activation Protein-o (FAP-a), published May 2,

15 2019, which is incorporated herein by reference in its entirety.

In certain embodiments, the targeting moiety for fibroblast activation protein alpha (FAP-

) has the following structure:

y(R1x) (R2x)y

y(RBx'|)_| N~ (Raxy
OT N\(go

de (A,
wherein each y is independently an integer selected from the group consisting of 0, 1, and
20 2
Rix, Rax, and Rs3x, are each independently selected from the group consisting of H, OH,
halogen, Cisalkyl, -O-Ci-salkyl, and -S-Ci-alkyl,
Raxis selected from the group consisting of H, -CN, -B(OH)z, -C(O)alkyl, -C(O)aryl-, -
C=C-C(O)aryl, -C=C-S§(O)aaryl, -CO2H, -SOs3H, -SO2NH2, -PO3Ha, and 5-tetrazolyl;

12
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Ruax is selected from the group consisting of H, straight-chain or branched Ci-6 alkyl, -
{CHz)gs-aryl, and hydroxyl-substituted straight-chain or branched Ci-s alkyl, wherein q4 is an
integer selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

Rsx, Rex, and R7x are each independently selected from the group consisting of H, -OH,
oxo, halogen, -Ci-salkyl, -O-Cisalkyl, -S-Cisalkyl, -NRsxRox, -ORuzx, -Hetz and -Arz; each of Ci-
salkyl being optionally substituted with from 1 to 3 substituents selected from -OH and halogen,;

Rsx, Rox, and Ri2x are each independently selected from the group consisting of H, -OH,
halo, -Cisalkyl, -O-Ci.calkyl, -S-Ci-salkyl, and -Ars;

Ruox, Riix, Ri3x and Ruux are each independently selected from the group consisting of H, -
OH, halogen, -Ci-salkyl, -O-Cisalkyl, and -S-Cisalkyl; Ar1, Ar; and Ars are each independently
a 5- or 6-membered aromatic monocycle optionally comprising 1 or 2 heteroatoms selected from
O, N and S; each of Ari, Ar2 and Ars being optionally and independently substituted with from 1
to 3 substituents selected from -NRioxR11x, -Cisalkyl, -O-Cisalkyl, and -S-Cialkyl;

Hetz is a 5- or 6-membered non-aromatic monocycle optionally comprising 1 or 2
heteroatoms selected from O, N and S; Hetz being optionally substituted with from 1 to 3
substituents selected from -NRi3xRu4x, -C1r6alkyl, -O-Cisalkyl, and -S-Cisalkyl;

vis 0, 1,2, or 3; and

represents a 5 to 10-membered N-containing aromatic or non-aromatic mono- or bicyclic
heterocycle, said heterocycle optionally further comprising 1, 2 or 3 heteroatoms selected from

O, Nand S;

wherein ¥ indicates a point of attachment of the FAP-o binding ligand to the linker,
Ls, wherein the point of attachment can be through any of the carbon atoms of the 5 to 10-
membered N-containing aromatic or non-aromatic mono- or bicyclic heterocycle thereof;,

and stereoisomers and pharmaceutically acceptable salts thereof.

In some embodiments, the linker between the 5 to 10-membered N-containing aromatic
or non-aromatic mono- or bicyclic heterocycle and the pyrrolidine ring is derived from an amino

acid, e.g, glycine, alanine, pheny! alanine, valine, serine, and threonine:

13
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e
i

amino acid

In particular embodiments, Rax is selected from the group consisting of H (glycine), -CH3
(alanine), -CHa-phenyl (phenyl alanine), -CH(CHs): (valine), -CH2-OH (serine), and -
CH(OH)CHs (threonine).

In certain embodiments, Q*is selected from the group consisting of:

o He % PN 4
& T i“% &5 ‘\C.\ \2\‘«*\\ :ﬁ?ﬁ \)T" \*\{‘
s L Lo
gy \'\\" RN o I -
i
N 3

>
T el
-~ \%\NYM"‘
i
;-f‘. > !{3
=2 F
L\:\l L {\, )\"’y,.
LS V4
N—N e

wherein * indicates the point of attachment of the 5 to 10-membered N-containing

aromatic or non-aromatic mono- or bicyclic heterocycle to —(CH2)v—.
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In more certain embodiments, A is or A and B are an FAP-¢ targeting moiety having the
structure of’

y(R1x) (R2x)y

y(Rax) Czyn
Y

wherein £ indicates a point of attachment of the FAP-o binding ligand to the linker,
5  Ls, wherein the point of attachment can be through any of carbon atoms 5, 6, 7, or 8 of the
quinolinyl ring thereof; and stereoisomers and pharmaceutically acceptable salts thereof.
In yet more certain embodiments, A is or A and B are each selected from the group

consisting of

y(R‘lx) (R2x)y R1x) (R2x)y qu) (R2x)y
y(Ray) /FS\CEN y(Ray) /FNS\ R3x /ZN—ﬁ\
(0] N (0] N o (0] O
=
o |
;and N
10 In even yet more certain embodiments, A is or A and B are each selected from the group
consisting of’
F. F F. F F. F

ZI)\C‘N Z—)\ Can

SN

and stereoisomers thereof.

hC:N

In even yet more certain embodiments, A is or A and B are each selected from the group

15  consisting of’

15
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y N SN o N 3N y N 3N
] 4 g
\N A1 ; \N A2 - and \N A3

Suitable FAP inhibitors are disclosed in International PCT Patent Application No.
WO2019/154886 for FAP Inhibitor, to Haberkorn et al., published August 15, 2019, which is
5  incorporated herein by reference in its entirety. Representative FAP ligands, linkers, and

reporting moteties include compounds of formula (I):

RS
L N U W T )\
i XOTRINWS YWY
e)&ff t~*r3\1
R 7 3
R

wherein:
O, R, U V. W Y, 7 are individually present or absent under the proviso that at least three
10 of G R, UV, W, Y, Z are present;
Q.R, U, V, W, Y, Z are independently selected form the group consisting of G, CHa,
NR?* C=0, C=8, C=NR* HCR* and R*CR* with the proviso that two oxygen atoms are not
directly adjacent to each other;
R! and R? are independently selected from the group consisting of -H, -OH, halo, C1s-
15 alkyl, -O-Cus-alkyl, -S-Cie-atkyl;
R’ is selected from the group consisting of -H, -CN, -B(OH)y, -C(0) -alkyl, -C(Q)-aryl-,
-C=C-C(O)-aryl, -C=C-8{O)z-aryl, -CO2H, -SOsH , -530:H>,-POsH>, and 5-tetrazolyl;
R* is selected from the group consisting of -H, -Cr.¢-alkyl, -O-Crs-alkyl, -S-Cre-alkyl,
alkenyti, heteroalkenyl, cycloalkenyl, cyclohetercalkenyt, alkynyl, aryl, and -Cis-aralkyl, each of
20 said -Cig-alkyl being optionally substituted with from 1 to 3 substituents selected from -OH,
ox0, halo and optionally connected to Q, R, U, V, W, Y or Z,
R’ is selected from the group consisting of -H, halo, and Crs-alkyl;

RS, and R” are independently selected from the group consisting of -H,

16
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2 8
R\L”}s and R\D)‘B\EXA\}{ ,
' , under the proviso that R® and R are not at the same
time H, wherein L is a linker, wherein D, A, E, and B are individually present or absent,
preferably wherein at least A, H, and B are present, wherein when present.
D is a linker;
5 A is selected from the group consisting of NR*, O, 8, and CHy,

E 1s selecied from the group consisting of Csalkyl,

§ ;
S e &

wear.

,f:" S S | &*/\G”LM
and
whereiniis 1, 2, or 3;
whereinjis 1, 2, or 3;

10 whereinkis 1, 2, or 3;
whereinmis 1,2, or 3;

B is selected from the group consisting of S, NR*, NR*.0, NR*-Cs-alkyl, NR*-C1.6-
alkyl-NR*, and a 5- to 10-membered N-containing aromatic or non-aromatic mono- or bicyclic
heterocycle, preferably fusther comprising 1 or 2 heteroatoms selected from O, N, and §,

15  preferably further comprising | or 2 nitrogen atoms, preferably wherein NR*-Ci.g-alkyl-NR* and
the N-containing heterocycle is substituted with 1 to 3 substituents selected the group consisting
of Cre-alkyl, aryl, Ci¢-aralkyl; and

R® is selected from the group consisting of radioactive moiety, chelating agent,
fluorescent dye, a contrast agent, and combinations thereof;

SN

i -

20 — is a l-naphthyl motety or a S to 10- membered N-containing aromatic or non-

aromatic mono- or bicyclic heterocycle, wherein there are 2 ring atoms between the N atom and

17
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X said heterocvcle optionally fusther comprising 1, 2 or 3 heteroatoms selected from O, N and
S; and X is a C atom;
or a pharmaceutically acceptable tautomer, racemate, hydrate, solvate, or sait thereof.

In certain embodiments, A is an FAP-o targeting moiety or ligand having the structure of’

N O
H

H N

@Jk/ 0
=z
-~
N

X2 X1

wherein X1 and X» are each independently H or F.

In particular embodiments, the FAP inhibitor disclosed in W02019/154886 is a
compound, including the FAP ligand, linker, and reporting moiety, disclosed in one or more of
Table 1, Table 2, Table 3, Table 4, and Table 5, or any compound disclosed on page 44, line 1,
through page 75, line 6, which is incorporated herein by reference, including, but not limited to
FAPI-1, FAPI-2, FAPI-3, FAPI-4, FAPI-S, FAPI-6, FAPI-7, FAPI-8, FAPI-9, FAPI-10, FAPI-
11, FAPI-12, FAPI-13, FAPI-14, FAPI-15, FAPI-16, FAPI-17, FAPI-18, FAPI-19, FAPI-20,
FAPI-21, FAPI-22, FAPI-23, FAPI-24, FAPI-25, FAPI-26, FAPI-27, FAPI-28, FAPI-29, FAPI-
30, FAPI-31, FAPI-32, FAPI-33, FAPI-34, FAPI-35, FAPI-36, FAPI-37, FAPI-38, FAPI-39,
FAPI-40, FAPI-41, FAPI-42, FAPI-43, FAPI-44, FAPI-45, FAPI-46, FAPI-47, FAPI-48, FAPI-
49, FAPI-50, FAPI-51, FAPI-52, FAPI-53, FAPI-54, FAPI-55, FAPI-56, FAPI-57, FAPI-58,
FAPI-60, FAPI-61, FAPI-62, FAPI-63, FAPI-64, FAPI- FAPI-65, FAPI-66, FAPI-67, FAPI-68,
FAPI-69, FAPI-70, FAPI-71, FAPI-72, FAPI-73, FAPI-74, FAPI-75, FAPI-76, FAPI-77, FAPI-
78, and FAPI-79, each of which incorporated herein by reference.

In some embodiments, the FAP-a ligand includes a substituted (4-Quinolinoyl)-glycyl-2-
cyanopyrrolidine scaffold disclosed in Jansen et al., Selective Inhibitors of Fibroblast Activation
Protein (FAP) with a (4-Quinolinoyl)-glycyl-2-cyanopyrrolidine Scaffold. ACS Med Chem Lett.
2013 Mar 18;4(5):491-6; Jansen et al., Extended structure-activity relationship and
pharmacokinetic investigation of (4-quinolinoyl)glycyl-2-cyanopyrrolidine inhibitors of
fibroblast activation protein (FAP). ] Med Chem. 2014 Apr 10;57(7):3053-74, each of which is

incorporated by reference in their entirety. Such FAP-a ligands include the following structure:
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NC O
H
H@JI\/N 0
= N
X X1 iy \\|
N Rysx P

wherein:
X1 and X3 are each independently H or F; and

Rusx is selected from the group consisting of H, Ci.6 alkyl, halogen,

trihalomethoxyl, Cis alkoxyl, and 4-methoxyphenyl.
Also included are FAP ligands disclosed in Roy et al., Design and validation of fibroblast

activation protein alpha targeted imaging and therapeutic agents, Theranostics 2020, 10 (13),
5778-5789, which is incorporated herein by reference in its entirety, including, but not limited to:

F
Ot

:NY\N)H/V\(\N/\
i o f | 4 H
N .

In certain embodiments, A is or A and B are each an FAP-a targeting moiety having the

F

structure of:
F

Q8

. N\[('\N ~ N/\
// (@] H ~N H
N 4

In other embodiments, B is a targeting moiety for FAP-o having the following structure

{"Q}O

HN

F

~ e

In certain embodiments, B is a PSMA targeting moiety having the following structure:
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Q0,C7 NN 2°C0,Q
wherein:
Z is tetrazole or CO2Q;
Q is H or a protecting group;
5 q1 is an integer selected from the group consisting of 1,2, 3, 4, and 5;

qz is an integer from selected from 0 or 1; and
Ry is independently H or -(CH2)q3-Ry1, wherein ¢ is an integer selected from the
group consisting of 0, 1, 2, 3, 4, 5, and 6 and Ry is selected from the group consisting of

substituted aryl, substituted pyridine, and unsubstituted isoquinoline;

10 In more certain embodiments, B is a PSMA targeting moiety having the following
structure:
o)
/{N’RV %N’RY
CO,H CO,H
X X
HO,C“A"N”™ “N” = CO,H HO,C”A™N™ "N”-"CO.H
Uy HH 2 or 0y HH 2 |

In certain embodiments, Ry1 is selected from the group consisting of’

X

X X
ZK AR
SUING

>

15
wherein X is independently selected from the group consisting of Br, ”°Br, "°Br, "'Br, **™Br, *Br,
[, 124, 123 1257 BI] A and 2UA,
Suitable linkers are disclosed in U.S. Patent Application Publication No.
US2011/0064657 Al, for "Labeled Inhibitors of Prostate Specific Membrane Antigen (PSMA),
20  Biological Evaluation, and Use as Imaging Agents," published March 17, 2011, to Pomper et al.,
and U.S. Patent Application Publication No. US2012/0009121 A1, for "PSMA-Targeting
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Compounds and Uses Thereof," published January 12, 2012, to Pomper et al, each of which is
incorporated by reference in its entirety.
In certain embodiments, La, Lb, and L are each individually selected from the group

consisting of (a), (b), (c), or (d):

R 0 -‘ R, Ry %
' Tz W
/N ]
2 Y R TR my 2 Pa {M’m ‘ t
pq| ! Pa
(@) Be g

wherein:
p1, p2, p3 and p4 may be in any order;

t1 and t2 are each an integer selected from the group consisting of 0, 1, 2, 3, 4, 5, 6, 7, and

p1, p3, and p4 are each independently 0 or 1;

p2 is an integer selected from the group consisting of 0, 1, 2, and 3, and when p2 is 2 or 3,
each R1 is the same or different;

mi and mz are each an integer independently selected from the group consisting of 0, 1, 2,
3,4,5,6,7and 8;

Wi is selected from the group consisting of a bond, —S—, -C(=0)—, —C(=0)-NR—, and —
NR-C(=0)-;

W2is selected from the group consisting of a bond, -S-, -CH2-C(=0)-NR-, -C(=0)-, —
NRC(=0)-, -NR'C(=O)NR~-, -NRC(=S)NR'2—, -NRC(=0)0O-, —-OC(=O)NR—, -OC(=0)-, -
C(=O)NR-, -NR-C(=0)-, -C(=0)0O-, (O—CH3—CH2)q— and (CH2-CH3-0O)q, wherein q is
selected from the group consisting of 1,2, 3,4, 5, 6, 7, and 8,

each R or R'is independently H, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, and —ORu4, wherein R4 is selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted

heterocycloalkyl, wherein q is defined as immediately hereinabove;
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Tz is a triazole group that can be present or absent and, if present, is selected from the

N=N N fN\
| N
N =
group consisting of \‘( and :

each R1 is independently H, C1-Cs alkyl, C3-C12 aryl, -(CHz)q-C3-C12 aryl, -Cs-Cis
alkylaryl, or -(CH2)q-C4-Cis alkylaryl; R2 and R3 are each independently H and -CO2Rs, wherein
Rsis selected from the group consisting of H, C1-Cs alkyl, C3-Ciz aryl, and C4-Cis alkylaryl,
wherein when one of R2 or R3 is CO2Rs, then the other is I,

V is selected from the group consisting of ~C(O)-, -C(S)-, -NRC(O)—, -NRC(S), and —

0C(0);
ﬁi O JIR; Rs
N T
P1 R1Rp P3
(b) 2

wherein p1, p2, p3, mi1, ma, Tz, W2, R, R1, R, R3, and V are defined as hereinabove;

(©) -L1-, -L2-Ls-, or -Li-L2-L3-, wherein:

L1 is -NR-(CH2)q-[ O-CHz2-CH2-O]¢-(CHz2)q-C(=0)-;

Lz is -NR-(CH2)q-C(COOR5)-NR-; and

L3 is -(0=)C-(CH2)q-C(=0)-;
wherein each q is independently an integer selected from the group consisting of 1, 2, 3, 4, 5, 6,
7, and 8; and R and Rs are as defined hereinabove; and

(d) -(CReH)q-(CH2)q-C(=0)-NR-(CHz)q-O- or -NR-(CH2)q-O-; wherein each q and R
is defined hereinabove; and Rs is H or -COORs.

In more certain embodiments, one or more of La, Lv, and Lc is selected from the group

consisting of’

22
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R R
0O
N LA
%m N N
0O R

wherein u is an integer selected from 1, 2, 3, 4, 5, 6, 7, and 8; and R and R are as defined

hereinabove.

In certain embodiments, C is a radiolabeled prosthetic group comprising a radioisotope

5  selected from the group consisting of ¥F, 14 1°, 31T and 2!'At.

In more certain embodiments, the radiolabeled prosthetic group is selected from the
group consisting of’
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wherein each X is independently a radioisotope selected from the group consisting of '*F, '2],
1251 17 and 2" At; each R and R’ is defined hereinabove; and each n is independently an integer
selected from the group consisting of 0, 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, and 20.

In yet more certain embodiments, the radiolabeled prosthetic group is selected from the

group consisting of’

18

- o) o)
S Nty Q)LN% ﬁ N
\ ] : H g H 3
n °F 187 N7

' ']SF

(0] O 0
N}?‘ N}?‘ N}l'
H ; H ; H .
124 125, 131) ’
0
=N =N 2,
N=N, N=
N 1 N
HANTE L Qg AT @AH
18~ 18 n 211 pt

In certain embodiments, C comprises a chelating agent. In more certain embodiments,
the chelating agent is selected from the group consisting of DOTAGA (1,4,7,10-
tetraazacyclododececane, 1-(glutaric acid)-4,7,10-triacetic acid), DOTA (1,4,7,10-
tetraazacyclododecane-1,4,7, 10-tetraacetic acid), DOTASA (1,4,7,10-tetraazacyclododecane-1-
(2-succinic acid)-4,7,10-triacetic acid), CB-DO2A (10-bis(carboxymethyl)-1,4,7,10-
tetraazabicyclo[5.5 2]tetradecane), DEPA (7-[2-(Bis-carboxymethylamino)-ethyl]-4,10-bis-
carboxymethyl-1,4,7,10-tetraaza-cyclododec-1-yl-acetic acid)), 3p-C-DEPA (2-
[(carboxymethyl)][5-(4-nitrophenyl-1-[4,7,10-tris(carboxymethyl)-1,4,7,10-
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tetraazacyclododecan-1-yl |pentan-2-yl)amino]acetic acid)), TCMC (2-(4-isothiocyanotobenzyl)-
1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamonyl methyl)-cyclododecane), oxo-DO3A (1-oxa-
4.7,10-triazacyclododecane-5-S-(4-isothiocyanatobenzyl)-4,7, 10-triacetic acid), p-NHz-Bn-Oxo-
DO3A (1-Oxa-4,7,10-tetraazacyclododecane-5-S-(4-aminobenzyl)-4,7,10-triacetic acid), TE2A
((1,8-N,N'-bis-(carboxymethyl)-1,4,8,1 1-tetraazacyclotetradecane), MM-TE2A, DM-TE2A, CB-
TE2A (4,11-bis(carboxymethyl)-1,4,8,11-tetraazabicyclo[6.6.2]hexadecane), CB-TE1A1P
(4,8,11-tetraazacyclotetradecane- 1-(methanephosphonic acid)-8-(methanecarboxylic acid), CB-
TE2P (1,4,8,11-tetraazacyclotetradecane-1,8-bis(imethanephosphonic acid), TETA (1,4,8,11-
tetraazacyclotetradecane-1,4,8, 1 1-tetraacetic acid), NOTA (1,4,7-triazacyclononane-N,N’,N"'-
triacetic acid), NODA (1,4,7-triazacyclononane-1,4-diacetate); NODAGA (1,4,7
triazacyclononane, 1-glutaric acid-4,7-acetic acid), (NOTAGA) 1,4,7-triazonane-1,4-diyl)diacetic
acid DFO (Desferoxamine), NETA ([4-[2-(bis-carboxymethylamino)-ethyl]-7-carboxymethl-
[1,4,7]triazonan-1-yl}-acetic acid), TACN-TM (N,N',N", tris(2-mercaptoethyl)-1,4,7-
triazacyclononane), Diamsar (1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo(6,6,6)eicosane,
3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane-1,8-diamine), Sarar (1-N-(4-aminobenzyl)-3,
6,10,13,16,19-hexaazabicyclo[6.6.6] eicosane-1,8-diamine), AmBaSar (4-((8-amino-
3,6,10,13,16,19-hexaazabicyclo [6.6.6] icosane-1-ylamino) methyl) benzoic acid), and BaBaSar.
In yet more certain embodiments, the chelating agent is selected from the group

consisting of’

o)
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In certain embodiments, the chelating agent further comprises a radiometal. In particular

embodiments, the radiometal is selected from the group consisting of *°Cu, 4*Cu, #*Cu, *’Cu,
203ppy 212ppy 250 177y 9T 68Ga, 149Th, B0y, 0y, lll[y 186Re 188Re 153§m 897y 213Bj 212Bj,
22pp_$7Ga, “’Sc, and SHo.

In certain embodiments, C comprises an optical dye. In more certain embodiments, the
optical dye comprises a fluorescent dye. In yet more certain embodiments, the fluorescent dye
comprises a fluorescent dye that emits in the near infrared spectral region. In particular
embodiments, the fluorescent dye is selected from the group consisting of a polymethine dye, a
coumarin dye, a xanthene dye, and a boron-dipyrromethene (BODIPY) dye.

In certain embodiments, the polymethine dye is selected from the group consisting of a
carbocyanine dye, an indocarbocyanine dye, an oxacarbocyanine dye, a thiacarbocyanine dye,
and a merocyanine dye. In certain embodiments, the xanthene dye is selected from the group
consisting of a fluorescein dye and a coumarin dye. In particular embodiments, the fluorescent

dye is selected from the group consisting of’
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BODIPY FL, BODIPY R6G, BODIPY TR, BODIPY TMR, BODIPY 493/503, BODIPY
530/550, BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591, BODIPY
630/650, and BODIPY 650/665,

Cy3, Cy3.5, Cy5, Cy5.5, Cy7, and Cy7.5;

VivoTag-645, VivoTag-680, VivoTag-S680, VivoTag-S750, VivoTag-800,

Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 568,
Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700, Alexa
Fluor 750, and AlexaFluor790;

Dy677, Dy676, Dy682, Dy752, Dy780,

DyLight 350, DyLight 405, DyLight 488, DyLight 547, DyLight 550, DyLight 594,
DyLight 633, DyLight 647, DyLight 650, DyLight 680, DyLight 755, and DyLight 800;

HiLyte Fluor 405, HiLyte Fluor 488, HiLyte Fluor 532, HiLyte Fluor 555, HiLyte™
Fluor 594, HiLyte Fluor 647, HiLyte Fluor 680, HiLyte Fluor 750,

IR800 (Dimethyl{4-[1,5,5-tris(4-dimethylaminophenyl)-2,4-pentadienylidene]-2,5-
cyclohexadien-1-ylidene}ammonium perchlorate),

IRDye 650, IRDye 680RD, IRDye 680LT, IRDye 700, IRDye 700DX, IRDye 750,
IRDye 800, IRDye 800CW, IRDye 800RS; and

ADS1065A, ADS1075A, ADS775MI, ADS775MP, ADS775PI, ADS775PP,
ADS780HO, ADS780WS, ADS785WS, ADS790WS, ADS795WS, ADS798SM, ADS800AT,
ADSB815EIL, ADS830AT, ADS830WS, ADS832WS, ADS845MC, and ADS920MC.

In more particular embodiments, the optical dye is selected from the group consisting of’
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Suitable fluorsecent agents and linkers are disclosed in International PCT Patent

Application No. W02018232280 for PSMA Targeted Fluorescent Agents for Image Guided
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Surgery, to Pomper et al., published Dec. 20, 2018, which is incorporated herein by reference in
its entirety.

In some embodiments, the presently disclosed compounds can be made by attaching near
IR, closed chain, sulfo-cyanine dyes to prostate specific membrane antigen ligands via a linkage.
For example, the prostate specific membrane antigen ligands used in the presently disclosed
compounds can be synthesized as described in international PCT patent application publication
no. WO 2010/108125, to Pomper et al ., published September 23, 2010, which is incorporated
herein in its entirety.

Compounds can assembled by reactions between different components, to form linkages
such as ureas (-NRC(O)NR-), thioureas (-NRC(S)NR-), amides (-C(O)NR- or -NRC(O)-), or
esters (-C(0)0- or -OC(0)-). Urea linkages can be readily prepared by reaction between an
amine and an isocyanate, or between an amine and an activated carbonamide (-NRC(O)-).
Thioureas can be readily prepared from reaction of an amine with an isothiocyanate. Amides (-
C(O)NR- or -NRC(0)-) can be readily prepared by reactions between amines and activated
carboxylic acids or esters, such as an acyl halide or N-hydroxysuccinimide ester. Carboxylic
acids may also be activated in situ, for example, with a coupling reagent, such as a carbodiimide,
or carbonyldiimidazole (CDI). Esters may be formed by reaction between alcohols and 20
activated carboxylic acids. Triazoles are readily prepared by reaction between an azide and an
alkyne, optionally in the presence of a copper (Cu) catalyst.

Prostate specific membrane antigen ligands can also be prepared by sequentially
adding components to a preformed urea, such as the lysine-urea-glutamate compounds
described in Banerjee et al. (J. Med. Chem. vol. 51, pp. 4504-4517, 2008). Other urea-based
compounds may also be used as building blocks. Exemplary syntheses of the near IR, closed
chain, sulfo-cyanine dyes used in the presently disclosed compositions are described in U.S. Pat.
No. 6,887,854 and U.S. Pat. No. 6,159,657 and are incorporated herein in their entirety.
Additionally, some IR, closed chain, sulfo-cyanine dyes of the presently disclosed subject matter
are commercially available, including DyLight™ 800 (ThermoFisher).

In some embodiments, the presently disclosed compounds comprising a fluorescent dye
and be used for photoacoustic imaging of tumors. See, for example, Zhang et al ., Prostate-

specific membrane antigen-targeted photoacoustic imaging of prostate cancer in vivo, J. of
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Biophotonics, 2018;11:€201800021. Accordingly, in certain embodiments, C comprises a dye
suitable for use with photoacoustic imaging.

In certain embodiments, C comprises a photosensitizer. Photodynamic therapy (PDT) is
a minimally invasive cancer treatment and has been used in clinic to improve cancer patients’
quality of life and survival time. The lack of specific delivery of the photosensitizers, however,
is a significant limitation of PDT. Non-targeted, conventional photodynamic therapy cannot
deliver the photosensitizers specifically to the tumor and the photosensitizers often circulate in
the body long after treatment and cause sensitivity to light for several months.

Urea-based photosensitizers, which target prostate-specific membrane antigen (PSMA)
for imaging and targeted therapy of PSMA-expressing tumors and cancers are disclosed in
International PCT Patent Application No. W02015057692 for Prostate-Specific Membrane
Antigen-Targeted Photosensitizers for Photodynamic Therapy, to Pomper et al., published April
23,2015, and U.S. Patent No. 10,232,058 for Prostate-Specific Membrane Antigen-Targeted
Photosensitizers for Photodynamic Therapy, to Pomper et al , issued March 19, 2019, each of

which is incorporated by reference in their entirety.
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In certain embodiments, the compound of formula (I) has the following structure
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wherein b1, b2, b3, b4, b5, b6, and b7 are each independently an integer selected from the group

consisting of 0, 1,2, 3,4, 5,6, 7, and 8.
In particular embodiments, the compound of formula (I) has the following structure
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In more particular embodiments, the compound of formula (I) is
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wherein M is selected from the group consisting of **Ga, 2*Ac, "’Lu, and **Cu.
In some embodiments, A and B are each an FAP-o targeting moiety having the structure
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In particular embodiments, the compound is selected from the group consisting of:
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In other embodiments, the presently disclosed subject matter provides a pharmaceutical
composition comprising the compound of formula (I). In some embodiments, the
pharmaceutical composition comprises one or more of pharmaceutically acceptable carriers,
diluents, excipients, or adjuvants.

In some embodiments, the presently disclosed subject matter provides a compound of

formula (II):
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21(Rsy) \

Sy (Rewz

Dy

wherein each y is independently an integer selected from the group consisting of 0, 1, and

Rix, Ray, and Rsx, are each independently selected from the group consisting of H, OH,
5  halogen, Cisalkyl, -O-Cisalkyl, and -S-C1salkyl;

Rux is selected from the group consisting of H, straight-chain or branched Ci-s alkyl, -
(CH2)q-aryl, and hydroxyl-substituted straight-chain or branched Ci-¢ alkyl, wherein g4 is an
integer selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

Rsx and Rex are each independently H, halogen, or -O-(CHz2)3-Xa, wherein z1 is an

10  integer from O to 4, z2 is an integer from 0 to 2, z3 is an integer from 1 to 6, and Xa is halogen,
provided that Rsx and Rex cannot both be H at the same time;

and stereoisomers and pharmaceutically acceptable salts thereof.

In some embodiments, the compound of formula (IT) is selected from:

F .

’ Q‘CN N CN , nTToN
¢ O N e N\/& O N,
NZ ’ N7 N7

{ o Y (o {en

N

H H
O N Ao § o N
F/\/O x ’ x F
15 N ; F ;and N

In other embodiments, the presently disclosed subject matter provides a compound of

formula (III):

N\

C (Im);
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wherein:
A is a targeting moiety for fibroblast activation protein alpha (FAP-a);
B is absent or a targeting moiety for FAP-0, wherein A and B can be the same or
different;
5 C1 can be absent or present and when present is a chelating group;
Ca is a prosthetic group;
La and Ly are each a bi-functionalized linker capable of forming a chemical bond with
each other and A, B, C1 and Cs;
Lc1 and Le2 are each independently a bi-functionalized linker capable of forming a
10 chemical bond with each other and A, B, La, and Ly,
wherein if C1 is absent, Le1 also is absent and wherein if B is absent, Ly also is absent;
and stereoisomers and pharmaceutically acceptable salts thereof.
In some embodiments, A is or, if B is present, A and B are each an FAP-a targeting

moiety having the structure of:

y(R1 x) (RZX)Y

y(RSX')/U\

NT Csn

o s s

15 5 N :
wherein § indicates a point of attachment of the FAP-a binding ligand to the linker La
and/or Ly wherein the point of attachment can be through any of carbon atoms 5, 6, 7, or 8 of the
quinolinyl ring thereof; and sterecisomers and pharmaceutically acceptable salts thereof.
In some embodiments, Cz is a prosthetic group comprising a radioisotope selected from

20  the group consisting of F, 2% 125 B! and 2!At.

In some embodiments, the prosthetic group is selected from the group consisting of:
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X
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X n
wherein each X is independently selected from a straightchain or branched C.-Cs alkyl, -SO2,
-C(=0)-, -C(=0)OR20, wherein Rzo0 is H or C1-Cs alkyl, and a radioisotope selected from the
group consisting of ¥F, 1241 1] B and ' At; each R and R’ is defined hereinabove; and each

n is independently an integer selected from the group consisting of 0, 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, and 20, wherein each carbon of the

S

N alkylene chain can be substituted with C1-Ca alkyl.

In some embodiments, the prosthetic group is selected from the group consisting of:
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In some embodiments, C1 comprises a chelating agent selected from the group consisting
of DOTAGA (1,4,7,10-tetraazacyclododececane, 1 -(glutaric acid)-4,7,10-triacetic acid), DOTA
(1,4,7,10-tetraazacyclododecane-1,4,7, 10-tetraacetic acid), DOTASA (1,4,7,10-
tetraazacyclododecane-1-(2-succinic acid)-4,7,10-triacetic acid), CB-DO2A (10-
bis(carboxymethyl)-1,4,7 10-tetraazabicyclo[ 5.5.2Jtetradecane), DEPA (7-[2-(Bis-
carboxymethylamino)-ethyl]-4,10-bis-carboxymethyl-1,4,7,10-tetraaza-cyclododec-1-yl-acetic
acid)), 3p-C-DEPA (2-[(carboxymethyl)][5-(4-nitrophenyl-1-[4,7,10-tris(carboxymethy!)-
1,4,7,10-tetraazacyclododecan- 1-yl]pentan-2-yl)amino]acetic acid)), TCMC (2-(4-
isothiocyanotobenzyl)-1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamonyl methyl)-cyclododecane),
ox0-DO3A (1-oxa-4,7,10-triazacyclododecane-5-S-(4-isothiocyanatobenzyl)-4,7, 10-triacetic
acid), p-NHz2-Bn-Ox0-DO3A (1-Oxa-4,7,10-tetraazacyclododecane-5-S-(4-aminobenzyl)-4,7,10-
triacetic acid), TE2A ((1,8-N,N'-bis-(carboxymethyl)-1,4,8,11-tetraazacyclotetradecane), MM-
TE2A, DM-TE2A, CB-TE2A (4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2 |hexadecane), CB-TE1A1P (4,8,11-tetraazacyclotetradecane-1-
(methanephosphonic acid)-8-(methanecarboxylic acid), CB-TE2P (1,4,8,11-
tetraazacyclotetradecane-1,8-bis(methanephosphonic acid), TETA (1,4,8,11-
tetraazacyclotetradecane-1,4,8,11-tetraacetic acid), NOTA (1,4,7-triazacyclononane-N,N’,N"-
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triacetic acid), NODA (1,4,7-triazacyclononane-1,4-diacetate ); NODAGA (1,4,7-
triazacyclononane, 1-glutaric acid-4,7-acetic acid), (NOTAGA) 1,4,7-triazonane-1,4-diyl)diacetic
acid DFO (Desferoxamine), NETA ([4-[2-(bis-carboxymethylamino)-ethyl]-7-carboxymethl-
[1,4,7]triazonan-1-yl}-acetic acid), TACN-TM (N,N',N", tris(2-mercaptoethyl)-1,4,7-
triazacyclononane), Diamsar (1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo(6,6,6)eicosane,
3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane-1,8-diamine), Sarar (1-N-(4-aminobenzyl)-3,
6,10,13,16,19-hexaazabicyclo[6.6.6] eicosane-1,8-diamine), AmBaSar (4-((8-amino-
3,6,10,13,16,19-hexaazabicyclo [6.6.6] icosane-1-ylamino) methyl) benzoic acid), and BaBaSar.

In some embodiments, C1 is a chelating agent is selected from the group consisting of
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In some embodiments, the chelating agent further comprises a radiometal.
5 In some embodiments, the radiometal is selected from the group consisting of ®°Cu, ®?Cu,
64CU, 67CU, 203Pb, 212Pb, 225AC, 177Lu, 99mTC, 68Ga, 149Tb, SGY, 90Y, IHIII, HSIII, ISGRG, ISSRe, 153Sm,
8921“) 213Bi, 212Bi7 2121;)]:)7 67G37 47SC7 166]_]07 43Sc7 223[{‘?17 226/227Th, 1&1_181:;7 and SC_ISF
In some embodiments, La, Lb, L1, and Lez are each individually selected from the group
consisting of (a), (b), (¢), or (d):
10
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R 0 Ry Rs
_N Wi
t2 \Y% [}' m2W2 ms H My my t1
D1 Ry R Pa P4
(a) P2 1

>

wherein:

p1, p2, p3 and p4 may be in any order;

t1 and t2 are each an integer selected from the group consisting of 0, 1, 2, 3, 4, 5, 6, 7, and

p1, p3, and p+ are each independently O or 1;

pz2 is an integer selected from the group consisting of 0, 1, 2, and 3, and when pzis 2 or 3,
each R1 is the same or different;

mi, m2, m3, and ms are each an integer independently selected from the group consisting
of 0,1,2,3,4,5,6,7and §;

Wi is selected from the group consisting of a bond, —S—, —-C(=0)-, —C(=0)-NR—, and —
NR-C(=0);

W2is selected from the group consisting of a bond, -S-, -CH2-C(=0)-NR-, -C(=0)-, -
NRC(=0)-, -NR'C(=0)NR—, -NRC(=S)NR'2—, -NRC(=0)0-, -OC(=O)NR~, -OC(=0)—, -
C(=0)NR-, -NR-C(=0)-, -C(=0)0O—, (0-CH2—CHz)q— and (CHz-CH2-O)q, wherein q is
1,2,3,4,5,6,7, and 8;

I e

selected from the group consisting of 0
each R or R'is independently H, alkyl, substituted alkyl, ¢ ycloalkyl, substituted
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, and —OR4, wherein R4 is selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted
heterocycloalkyl, wherein q is defined as immediately hereinabove,
H can be present or absent and when present is selected from a nitrogen-containing

heteroalkylene chain, a cyclic or bicylic heteroalkyl radical, and a triazole radical having the

N
I\ll / JQ/ A *s
structure Y or p

each R1 is independently H, C1-Cs alkyl, C3-C12 aryl, (CHz)q-C3-C12 aryl, -C4-C1s
alkylaryl, or -(CH2)q-Ca-C16 alkylaryl, Rz and R3 are each independently H, -(CH2)q-C3-C12 aryl,
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and -COz2Rs, wherein Rsis selected from the group consisting of H, C1-Ce alkyl, C3-C12 aryl, and
C4-Cie alkylaryl, wherein Rz and R3 can be the same or different, wherein q is selected from the
group consisting of 0, 1,2, 3,4, 5,6, 7, and 8;

V is selected from the group consisting of —C(O)—, -C(S)-, -NRC(O)—, -NRC(S)-, and —

0C(0);
RITO R Rs
MELV,NLBNMWZ T2 Mﬁ\
P4 R, R Ps
(b) =

wherein pi, p2, p3, mi, mz, Tz, W2, R, R1, Rz, R, and V are defined as hereinabove;

(©) -L1-, -L2-L3-, or -L1-La-L3-, wherein:

L1 is -NR-(CH2)q-[{O-CH2-CH2-0]q-(CH2)-C(=0)~;

Lz is -NR-(CHz2)¢-C(COOR5)-NR-; and

L3 is (0=)C-(CHz)q-C(=0)-;
wherein each q is independently an integer selected from the group consisting of 1,2, 3,4, 5, 6,
7, and 8; and R and Rs are as defined hereinabove; and

(d)  -(CReH)q-(CH2)q-C(=0)-NR~(CHz2)q-O- or -NR-(CHz2)q-O-; wherein each q and R
is defined hereinabove; and Rs is H or —COORs.

In some embodiments, H is selected from:

(Ri6)z4
/] / A\
X Kt | -
L ; wherein X1 and Xz are each independently -CH- or N; each Rie is independently
H or -C(=0)-OR17, wherein R17 is C1-Cs alkyl,
-N(R18)-(CH2).5-N(R19)-; wherein Ris and Rio are each independently H or C1-Ca alkyl
and Z5 is an integer selected from 1, 2, 3,4, 5, 6, 7, and 8;

|T|§N N§N\ _§ J-'<N O
N
HI I e

3 ; ; and
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In some embodiments, one or more of La, Lb, Lc1, and Lez include one or more units

selected from:
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wherein u is an integer selected tfrom 1, 2, 3, 4, 5, 6, 7, and 8; and R and Rs are as defined
5 hereinabove.

In some embodiments, the compound of formula (I1I) is selected from:

N\/& O\
{ 0 N TeN
Hooc/ \ N _cogn o R
E | HoO9 £y 2
N ~ N Q.
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&CN Hooc:JE —r %: D‘CN

\/&O © \/go
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H H
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T \/\/R‘)LH’T \& \O\'r \/\/\H’J\N%\, W \(:ES
}—\ /—\ ,—COOH N N

& [N N] O}—\/—\/—COOH

g ¢ 9
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HOOC— /—\ _/—COOH

C, le {on

JUTSC . TINT o ve=iass saadan
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zx

3 e 0 CoOMe HQ‘CN y NN
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HoOC— /\ D
N

K/N o. N
TR HOOC—\ \ j/ == 7
)

N N [N Nj
HOOC— \_/ “—COOH ; Hooc— \—/ “—COOH
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In some embodiments, the prosthetic group Cz is covalently bound to the chelating group

Cu
In some embodiments, the compound is selected from:
o Q
Dy, A Dy g
2 N 2y, N N
o, ° %N‘{)_(\N/?l H o, ’ ‘\/N{N(‘ /?‘ "
Y~ Cor e oo LY
Ncm Nl N NCU l N N
Ho /—N HoNp /4N

N y N
Eg:lo/\/\b% HO\< o 5\’( N\/&O
O, N"Sp |
NC*S‘;\H N\(\ &Nj\? =( L \:)(/}]— P

In some embodiments, the presently disclosed subject matter provides a compound of

formula (IV):

&

A—La—LIC—Lb—B (IV);
wherein:
10 A is a targeting moiety for fibroblast activation protein alpha (FAP-);

B is a targeting moiety for prostate-specific membrane antigen (PSMA);

C is any optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, positron emission tomography (PET) imaging, single-photon emission
computed tomography (SPECT) imaging, or radiotherapy; and

15 La, Ly, and L are each a bi-functionalized linker capable of forming a chemical bond
with each other and A, B, and C, respectively; and stereoisomers and pharmaceutically
acceptable salts thereof.

In some embodiments, A is a FAP-a targeting moiety having the structure of’
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y(R1 x) (RZX)y

y(RSX’) CSN
LN

wherein § indicates a point of attachment of the FAP-a binding ligand to the linker La
and/or Ly wherein the point of attachment can be through any of carbon atoms 5, 6, 7, or 8 of the
quinolinyl ring thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

5 In some embodiments, B is a targeting moiety for PSMA having the following structure:

‘Jp f

Z is tetrazole or CO2Q;

wherein:

Q is H or a protecting group;
10 q: is an integer selected from the group consisting of 1, 2, 3, 4, and 5;
qz is an integer from selected from O or 1; and
Ry is independently H or —-(CHz)q3-Ry1, wherein g3 is an integer selected from the
group consisting of 0, 1, 2, 3, 4, 5, and 6 and Ry is selected from the group consisting of

substituted aryl, substituted pyridine, and unsubstituted isoquinoline;

15 In some embodiments, B is a PSMA targeting moiety having the following structure:
o)
’((N/Ry QJ\N/ Ry
CO,H COzH
X X
HO,C“A"N” "N”="COzH HO,C"A"N™ "Nz "CO.H
“Hh HA 2 or 0N NA 2

In some embodiments, Ry is selected from the group consisting of:
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5)

X SN
= 74
NG A
NS N
; ; and ;

wherein X is independently selected from the group consisting of Br, ”°Br, "*Br, ""Br, *™Br, *Br,
1 1241 1231 1251 1311 At and ZIIAt

In some embodiments, C is a radiolabeled prosthetic group comprising a radioisotope

5  selected from the group consisting of 'F, 1241, 121 13'] and 2"'At.

In some embodiments, the radiolabeled prosthetic group is selected from the group

consisting of
X X
A
I @\H)I %
SQH,IIKX X/HFN
X : n 7 n ;

X
|\\ 0 N\ o
N
P N}a = N}a
LS < N "R
X

R\ o 5
R. % ;and &= \N—E

I?IR‘ NR r E X/g\)n\)\/ :

wherein each X is independently a radioisotope selected from the group consisting of ¥F, 121,

10 251 B and 2''At; each R and R’ is defined hereinabove; and each n is independently an integer

selected from the group consisting of 0, 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, and 20.
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In some embodiments, the radiolabeled prosthetic group is selected from the group

consisting of:

18
F
\ . . .
n18F’ ’18F ,18F N/ N/
18p 0 EPS
- b=
oo~ o YW oy v
iy X
HoOC” N w e I
N N
0O O
oY oy 0%
18 "18 “ ' HN :
F F7ON ;
N}z B A
H i H H .
124 125 131 ’
O
N‘N‘N—g =N N
M/ ; /(,\)\/Nﬁ ' and H
1857 18~ 2114

In some embodiments, C comprises a chelating agent selected from the group consisting
of DOTAGA (1,4,7,10-tetraazacyclododececane, 1-(glutaric acid)-4,7,10-triacetic acid), DOTA
(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid), DOTASA (1,4,7,10-
tetraazacyclododecane-1-(2-succinic acid)-4,7,10-triacetic acid), CB-DO2A (10-
bis(carboxymethyl)-1,4,7,10-tetraazabicyclo[5.5 2 Jtetradecane), DEPA (7-[2-(Bis-
carboxymethylamino)-ethyl]-4,10-bis-carboxymethyl-1,4,7, 10-tetraaza-cyclododec-1-yl-acetic
acid)), 3p-C-DEPA (2-[(carboxymethyl)][5-(4-nitrophenyl-1-[4,7,10-tris(carboxymethyl)-
1,4,7,10-tetraazacyclododecan- 1-yl]pentan-2-yl)aminoJacetic acid)), TCMC (2-(4-
isothiocyanotobenzyl)-1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamonyl methyl)-cyclododecane),
0x0-DO3A (1-oxa-4,7,10-triazacyclododecane-5-S-(4-isothiocyanatobenzyl)-4,7,10-triacetic
acid), p-NH2-Bn-Oxo0-DO3 A (1-Oxa-4,7,10-tetraazacyclododecane-5-S-(4-aminobenzyl)-4,7,10-
triacetic acid), TE2A ((1,8-N,N'-bis-(carboxymethyl)-1,4,8 11-tetraazacyclotetradecane), MM-
TE2A, DM-TE2A, CB-TE2A (4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane), CB-TE1A1P (4,8,11-tetraazacyclotetradecane-1-
(methanephosphonic acid)-8-(methanecarboxylic acid), CB-TE2P (1,4,8,11-
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tetraazacyclotetradecane-1,8-bis(methanephosphonic acid), TETA (1,4,8,11-
tetraazacyclotetradecane-1,4,8,11-tetraacetic acid), NOTA (1,4,7-triazacyclononane-N,N',N"-
triacetic acid), NODA (1,4,7-triazacyclononane-1,4-diacetate ); NODAGA (1,4,7-
triazacyclononane, 1-glutaric acid-4,7-acetic acid), NOTAGA) 1,4,7-triazonane-1,4-diyl)diacetic
acid DFO (Desferoxamine), NETA ([4-[2-(bis-carboxymethylamino)-ethyl]-7-carboxymethl-
[1,4,7]triazonan-1-yl}-acetic acid), TACN-TM (N,N',N", tris(2-mercaptoethyl)-1,4,7-
triazacyclononane), Diamsar (1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo(6,6,6)eicosane,
3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane-1,8-diamine), Sarar (1-N-(4-aminobenzyl)-3,
6,10,13,16,19-hexaazabicyclo[6.6.6] eicosane-1,8-diamine), AmBaSar (4-((8-amino-
3,6,10,13,16,19-hexaazabicyclo [6.6.6] icosane-1-ylamino) methyl) benzoic acid), and BaBaSar.

In some embodiments, C is a chelating agent is selected from the group consisting of’

O 0
(< a8 o e
H H
N._CO.H #chozH ﬂchozH
X N N—=
( COoH ( COH ( co,H
CO,H : CO,H , CO,H ,
o 0
#NVCOZH ﬁNNvCOZH WNNVCOZH
N < a R
<_\C02H § (  CcoMH f\N ( COoH
CO,H . CO,H . H CO,H
CO,H CoOH o
HO,C” N Y HOZC/\N) N)g CO,H

CO,H CO,H (
CO,H CO,H CO,H
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In some embodiments, the chelating agent further comprises a radiometal.
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In some embodiments, the radiometal is selected from the group consisting of “Cu, *Cu,
64Cu’ 67CU, 203Pb, 212Pb, 225AC, 177Lu, gngC, GSGa, 149Tb, SGY, 90Y, IIIIn, IISIn’ 186Re, ISSRe’ ISBSm,
897p 23Bj 212Bj 212ph §7Ga, +Sc, 16Ho, $Sc, 22°Ra, 26227Th, Al-18F, and Sc-'*F.

In some embodiments, C comprises an optical dye.

In some embodiments, the optical dye comprises a fluorescent dye.

In some embodiments, the fluorescent dye comprises a fluorescent dye that emits in the
near infrared spectral region.

In some embodiments, the fluorescent dye is selected from the group consisting of a
polymethine dye, a coumarin dye, a xanthene dye, and a boron-dipyrromethene (BODIPY) dye.

In some embodiments, the polymethine dye is selected from the group consisting of a
carbocyanine dye, an indocarbocyanine dye, an oxacarbocyanine dye, a thiacarbocyanine dye,
and a merocyanine dye.

In some embodiments, the xanthene dye is selected from the group consisting of a
fluorescein dye and a coumarin dye.

In some embodiments, the fluorescent dye is selected from the group consisting of

BODIPY FL, BODIPY R6G, BODIPY TR, BODIPY TMR, BODIPY 493/503, BODIPY
530/550, BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591, BODIPY
630/650, and BODIPY 650/665,

Cy3, Cy3.5, Cy5, Cy5.5, Cy7, and Cy7.5;

VivoTag-645, VivoTag-680, VivoTag-S680, VivoTag-S750, VivoTag-800;,

Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 568,
Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700, Alexa
Fluor 750, and AlexaFluor790;

Dy677, Dy676, Dy682, Dy752, Dy780;

DyLight 350, DyLight 405, DyLight 488, DyLight 547, DyLight 550, DyLight 594,
DyLight 633, DyLight 647, DyLight 650, DyLight 680, DyLight 755, and DyLight 800;

HiLyte Fluor 405, HiLyte Fluor 488, HiLyte Fluor 532, HiLyte Fluor 555, HiLyte™
Fluor 594, HiLyte Fluor 647, HiLyte Fluor 680, HiLyte Fluor 750;

IR800 (Dimethyl{4-[1,5,5-tris(4-dimethylaminophenyl)-2,4-pentadienylidene]-2,5-

cyclohexadien-1-ylidene }ammonium perchlorate),
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IRDye 650, IRDye 680RD, IRDye 680LT, IRDye 700, IRDye 700DX, IRDye 750,
IRDye 800, IRDye 800CW, IRDye 800RS; and

ADS1065A, ADS1075A, ADS775MIL, ADS775MP, ADS775P1, ADS775PP,
ADS780HO, ADS780WS, ADS785WS, ADS790WS, ADS795WS, ADS798SM, ADS800AT,
5  ADSSI5EL ADS830AT, ADS830WS, ADS832WS, ADS845MC, and ADS920MC.

In some embodiments, the optical dye is selected from the group consisting of:
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In some embodiments, La, Lb, and Lc are each individually selected from the group

consisting of (a), (b), (¢), or (d):

R 0 R, Ry
_N Wiy
5TV N Wz | me HT ma T, »
P1 Ry R P i
(a) P2 .

bl

wherein:
p1, p2, p3 and p4 may be in any order;

t1 and t2 are each an integer selected from the group consisting of 0, 1,2, 3,4, 5, 6, 7, and

p1, p3, and p4 are each independently O or 1;

p2 is an integer selected from the group consisting of 0, 1, 2, and 3, and when p2is 2 or 3,
each R1 is the same or different;

mi, mz, m3, and ms are each an integer independently selected from the group consisting
of 0,1,2,3,4,5,6,7 and §;

Wi is selected from the group consisting of a bond, —S—, -C(=0)—, -C(=0)-NR—, and —
NR-C(=0}-,

W2 is selected from the group consisting of a bond, -S-, -CH2-C(=0)-NR-, —-C(=0)-, —
NRC(=0)-, -NR'C(=0)NR—, -NRC(=S)NR'>—, -NRC(=0)0-, ~-OC(=O)NR~-, -OC(=0)-, -
C(=0)NR-, -NR-C(=0)—, -C(=0)0O-, (O—CH2—CH2)q— and (CH2-CH2-0)q, wherein q is
selected from the group consisting of 0, 1,2, 3,4, 5,6, 7, and §;
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each R or R'is independently H, alkyl, substituted alkyl, ¢ ycloalkyl, substituted
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, and —~ORu4, wherein Ra is selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted
heterocycloalkyl, wherein q is defined as immediately hereinabove;

H can be present or absent and when present is selected from a nitrogen-containing

heteroalkylene chain, a cyclic or bicylic heteroalkyl radical, and a triazole radical having the

| ﬁ 1%
structure b
each R1 is independently H, C1-Cs alkyl, C3-C12 aryl, -(CH2)q-C3-C12 aryl, -C4-C1s
alkylaryl, or -(CH2)q-Ca-Ci6 alkylaryl;, Rz and R3 are each independently H, -(CH2)q-C3-C12 aryl,
and -CO2Rs, wherein Rsis selected from the group consisting of H, C1-Cs alkyl, C3-C12 aryl, and
Cs-Cis alkylaryl, wherein R2 and R3 can be the same or different, wherein q is selected from the
group consisting of 0, 1,2, 3,4, 5,6, 7, and 8;

V is selected from the group consisting of —C(O)-, -C(S)-, -NRC(O)—, -NRC(S)-, and —

0C(0);
)(/ﬁ\[ RIT O TR Rs
_N Tz
P1 R1Rp P3
(®) 2

wherein pi, pz2, p3, m1, mz, Tz, W2, R, R1, R2, R3, and V are defined as hereinabove;

(©) -Li-, -L2-L3-, or -L1-L2-L3-, wherein:

L1 is -NR-(CH2)q-[ O-CH2-CH2-0 Jo-(CH2)¢-C(=0)-;

L2 is -NR-(CH2)¢-C(COORs)-NR-; and

L3 is -(O=)C-(CH2)¢-C(=0)-;
wherein each q is independently an integer selected from the group consisting of 1, 2, 3, 4, 5, 6,
7, and 8; and R and Rs are as defined hereinabove; and

(d)  -(CR¢H)q-(CH2)q-C(=0)-NR-(CH2)q-O- or -NR-(CH2)q-O-; wherein each q and R
is defined hereinabove; and Re is H or —-COORs.

In some embodiments, H is selected from:
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(R16)24

H or -C(=0)-ORu7, wherein Ri7 is C1-Cs alkyl;
-N(R18)-(CHz2)zs-N(R19)-; wherein Ris and Rio are each independently H or Ci-Ca alkyl
and Z5 is an integer selected from 1, 2, 3, 4,5, 6, 7, and 8;

; wherein X1 and X2 are each independently -CH- or N; each Rie is independently

—N N§N\

N JliN ®)
\/ e C
0
\\/ g _g; > ; and
-
S
L7
In some embodiments, one or more of La, Lbv, and Lc include one or more units selected

from:
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wherein u is an integer selected from 1, 2, 3, 4, 5, 6, 7, and 8; and R and Rs are as defined
hereinabove.
5 In some embodiments, the compound of formula (IV) is selected from the group

consisting of:
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B. Methods of Use
B. 1. Methods of Imaging

In other embodiments, the presently disclosed subject matter provides a method for
imaging a disease or disorder associated with fibroblast-activation protein-o, (FAP-0) and/or
prostate-specific membrane antigen (PSMA), the method comprising administering a compound
of formula (I-1V), or a pharmaceutical composition thereof, wherein the compound of formula (I-
I'V) comprises an optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, PET imaging, or SPECT imaging; and obtaining an image.

Accordingly, in some embodiments, the presently disclosed subject matter provides a
method for imaging one or more cells, organs, or tissues, the method comprising exposing cells
or administering to a subject an effective amount of a compound of formula (I-1V) with an
optical or radioisotopic label suitable for imaging. In some embodiments, the one or more organs
or tissues include prostate tissue, kidney tissue, brain tissue, vascular tissue, or tumor tissue.

The imaging methods of the invention are suitable for imaging any physiological process
or feature in which FAP-a and/or PSMA is involved, for example, identifying areas of tissues or
targets which exhibit or express high concentrations of FAP-o, and/or PSMA.

Physiological processes in which FAP-a. is involved include, but are not limited to: (a)
proliferation diseases (including but not limited to cancer); (b) tissue remodeling and/or chronic
inflammation (including but not limited to fibrotic disease, wound healing, keloid formation,

osteoarthritis, rheumatoid arthritis, and related disorders involving cartilage degradation); and (c)
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endocrinological disorders (including but not limited to disorders of glucose metabolism).

In certain embodiments, the radiolabeled compound is stable in vivo.

In certain embodiments, the radiolabeled compound is detected by positron emission
tomography (PET) or single photon emission computed tomography (SPECT).

In certain embodiments, the optical reporting moiety is detected by fluorescence, such as
fluorescence microscopy.

In certain embodiments, the presently disclosed compounds are excreted from tissues of
the body quickly to prevent prolonged exposure to the radiation of the radiolabeled compound
administered to the subject. Typically, the presently disclosed compounds are eliminated from
the body in less than about 24 hours. More typically, the presently disclosed compounds are
eliminated from the body in less than about 16 hours, 12 hours, 8 hours, 6 hours, 4 hours, 2
hours, 90 minutes, or 60 minutes. Exemplary compounds are eliminated in between about 60
minutes and about 120 minutes. In certain embodiments, the presently disclosed compounds are
stable in vivo such that substantially all, e.g., more than about 50%, 60%, 70%, 80%, or 90% of
the injected compound is not metabolized by the body prior to excretion.

Additionally, for in vitro applications, such as in vitro diagnostic and research
applications, body fluids and cell samples of the above subjects will be suitable for use, such as
mammalian, particularly primate such as human, blood, urine or tissue samples, or blood urine or
tissue samples of the animals mentioned for veterinary applications.

Other embodiments provide kits comprising a compound of formula (I-TV). In certain
embodiments, the kit provides packaged pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and a compound of formula (I-IV). In certain embodiments
the packaged pharmaceutical composition will comprise the reaction precursors necessary to
generate the compound of formula (I-IV) upon combination with a radiolabeled precursor. Other
packaged pharmaceutical compositions further comprise indicia comprising at least one of:
instructions for preparing compounds of formula (I-IV) from supplied precursors, instructions for
using the composition to image cells or tissues expressing FAP-o or PSMA.

In certain embodiments, a kit containing from about 1 to about 30 mCi of the
radionuclide-labeled imaging agent described above, in combination with a pharmaceutically
acceptable carrier, is provided. The imaging agent and carrier may be provided in solution or in

lyophilized form. When the imaging agent and carrier of the kit are in lyophilized form, the kit
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may optionally contain a sterile and physiologically acceptable reconstitution medium such as
water, saline, buffered saline, and the like. The kit may provide a compound of formula (I-IV) in
solution or in lyophilized form, and these components of the kit may optionally contain
stabilizers such as NaCl, silicate, phosphate buffers, ascorbic acid, gentisic acid, and the like.
Additional stabilization of kit components may be provided in this embodiment, for example, by
providing the reducing agent in an oxidation-resistant form. Determination and optimization of
such stabilizers and stabilization methods are well within the level of skill in the art.

In certain embodiments, a kit provides a non-radiolabeled precursor to be combined with
a radiolabeled reagent on-site.

Imaging agents may be used in accordance with the presently disclosed methods by one
of skill in the art. Images can be generated by virtue of differences in the spatial distribution of
the imaging agents which accumulate at a site when contacted with FAP-a and/or PSMA. The
spatial distribution may be measured using any means suitable for the particular label, for
example, a gamma camera, a PET apparatus, a SPECT apparatus, and the like. The extent of
accumulation of the imaging agent may be quantified using known methods for quantifying
radioactive emissions or fluorescence. A particularly useful imaging approach employs more
than one imaging agent to perform simultaneous studies.

In general, a detectably effective amount of the imaging agent of the invention is
administered to a subject. A “detectably effective amount” of the imaging agent is defined as an
amount sufficient to yield an acceptable image using equipment which is available for clinical
use. A detectably effective amount of the imaging agent may be administered in more than one
injection. The detectably effective amount of the imaging agent of the invention can vary
according to factors such as the degree of susceptibility of the individual, the age, sex, and
weight of the individual, idiosyncratic responses of the individual, and the dosimetry. Detectably
effective amounts of the imaging agent also can vary according to instrument and film-related
factors. Optimization of such factors is well within the level of skill in the art. The amount of
imaging agent used for diagnostic purposes and the duration of the imaging study will depend
upon the radionuclide used to label the agent, the body mass of the patient, the nature and
severity of the condition being treated, the nature of therapeutic treatments which the patient has

undergone, and on the idiosyncratic responses of the patient. Ultimately, the attending physician
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will decide the amount of imaging agent to administer to each individual patient and the duration
of the imaging study.

D. Methods of Treating a FAP-o. and/or PSMA Related Disease or Disorder using
the Compounds of Formula (I-IV), or Pharmaceutical Compositions Thereof

In some embodiments, the presently disclosed subject matter provides a method for
inhibiting fibroblast-activation protein-a (FAP-o) and/or prostate-specific membrane antigen
(PSMA), the method comprising administering to a subject in need thereof an effective amount
of a compound of formula (I-IV), or a pharmaceutical composition thereof.

In other embodiments, the presently disclosed subject matter provides a method for
treating a fibroblast-activation protein-o (FAP-a)- and/or a prostate-specific membrane antigen
(PSMA )-related disease or disorder, the method comprising administering to a subject in need of
treatment thereof an effective amount of a compound of formula (I-1V), or a pharmaceutical
composition thereof, wherein the compound of formula (I-1V) comprises a radiolabeled
functional group suitable for radiotherapy.

In some embodiments, the presently disclosed compounds of formula (I-IV) can be used
to treat a subject afflicted with one or more FAP-o related diseases or disorders including, but
not limited to: (a) proliferation (including but not limited to cancer); (b) tissue remodeling
and/or chronic inflammation (including but not limited to fibrotic disease, wound healing,
keloid formation, osteoarthritis, rheumatoid arthritis and related disorders involving cartilage
degradation), and (c) endocrinological disorders (including but not limited to disorders of
glucose metabolism).

Accordingly, in some embodiments, the one or more FAP-q related disease or disorder is
selected from the group consisting of a proliferative disease, including, but not limited to, breast
cancer, colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer, lung
cancer, melanoma, fibrosarcoma, bone and connective tissue sarcomas, renal cell carcinoma,
giant cell carcinoma, squamous cell carcinoma, and adenocarcinoma; diseases characterized by
tissue remodeling and/or chronic inflammation; disorders involving endocrinological
dysfunction; and blood clotting disorders.

In certain embodiments, the prostate-specific membrane antigen (PSMA )-related disease

or disorder is selected from the group consisting of prostate cancer, renal cancer, head cancer,

neck cancer, head and neck cancer, lung cancer, breast cancer, prostate cancer, colorectal cancer,
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esophageal cancer, stomach cancer, leukemia/lymphoma, uterine cancer, skin cancer, endocrine
cancer, urinary cancer, pancreatic cancer, gastrointestinal cancer, ovarian cancer, cervical cancer,
adenomas, and tumor neovasculature. In particular embodiments, the prostate-specific
membrane antigen (PSMA)-related disease or disorder comprises prostate cancer.

In general, the “effective amount” of an active agent or drug delivery device

refers to the amount necessary to elicit the desired biological response. As will be appreciated
by those of ordinary skill in this art, the effective amount of an agent or device may vary
depending on such factors as the desired biological endpoint, the agent to be delivered, the
makeup of the pharmaceutical composition, the target tissue, and the like.

The term “combination” is used in its broadest sense and means that a subject is
administered at least two agents, more particularly a compound described herein and at least one
other therapeutic agent. More particularly, the term “in combination” refers to the concomitant
administration of two (or more) active agents for the treatment of a, e.g., single disease state. As
used herein, the active agents may be combined and administered in a single dosage form, may
be administered as separate dosage forms at the same time, or may be administered as separate
dosage forms that are administered alternately or sequentially on the same or separate days. In
one embodiment of the presently disclosed subject matter, the active agents are combined and
administered in a single dosage form. In another embodiment, the active agents are administered
in separate dosage forms (e.g., wherein it is desirable to vary the amount of one but not the
other). The single dosage form may include additional active agents for the treatment of the
disease state.

Further, the compounds described herein can be administered alone or in combination
with adjuvants that enhance stability of the compounds, alone or in combination with one or
more therapeutic agents, facilitate administration of pharmaceutical compositions containing
them in certain embodiments, provide increased dissolution or dispersion, increase inhibitory
activity, provide adjunct therapy, and the like, including other active ingredients.
Advantageously, such combination therapies utilize lower dosages of the conventional
therapeutics, thus avoiding possible toxicity and adverse side effects incurred when those agents
are used as monotherapies.

The timing of administration of a compound described herein and at least one additional

therapeutic agent can be varied so long as the beneficial effects of the combination of these
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agents are achieved. Accordingly, the phrase “in combination with” refers to the administration
of a compound described herein and at least one additional therapeutic agent either
simultaneously, sequentially, or a combination thereof. Therefore, a subject administered a
combination of a compound described herein and at least one additional therapeutic agent can
receive a compound and at least one additional therapeutic agent at the same time (i.e,,
simultaneously) or at different times (i.e., sequentially, in either order, on the same day or on
different days), so long as the effect of the combination of both agents is achieved in the subject.

When administered sequentially, the agents can be administered within 1, 5, 10, 30, 60,
120, 180, 240 minutes or longer of one another. In other embodiments, agents administered
sequentially, can be administered within 1, 5, 10, 15, 20 or more days of one another. Where the
compound described herein and at least one additional therapeutic agent are administered
simultaneously, they can be administered to the subject as separate pharmaceutical compositions,
each comprising either a compound or at least one additional therapeutic agent, or they can be
administered to a subject as a single pharmaceutical composition comprising both agents.

When administered in combination, the effective concentration of each of the agents to
elicit a particular biological response may be less than the effective concentration of each agent
when administered alone, thereby allowing a reduction in the dose of one or more of the agents
relative to the dose that would be needed if the agent was administered as a single agent. The
effects of multiple agents may, but need not be, additive or synergistic. The agents may be
administered multiple times.

In some embodiments, when administered in combination, the two or more agents can

2% ¢ 2 ¢ >

have a synergistic effect. As used herein, the terms “synergy,” “synergistic,” “synergistically’
and derivations thereof, such as in a “synergistic effect” or a “synergistic combination” or a
“synergistic composition” refer to circumstances under which the biological activity of a
combination of a compound described herein and at least one additional therapeutic agent is
greater than the sum of the biological activities of the respective agents when administered
individually.

Synergy can be expressed in terms of a “Synergy Index (SI),” which generally can be
determined by the method described by F. C. Kull et al., Applied Microbiology 9, 538 (1961),
from the ratio determined by:

Qa/Qa + Qv/Qr = Synergy Index (SI)
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wherein:
Qa is the concentration of a component A, acting alone, which produced an end point in
relation to component A,

Qa is the concentration of component A, in a mixture, which produced an end point;

Qs is the concentration of a component B, acting alone, which produced an end point in

relation to component B; and

Qb is the concentration of component B, in a mixture, which produced an end point.

Generally, when the sum of Q2/Qa and Qv/Qg is greater than one, antagonism is

indicated. When the sum is equal to one, additivity is indicated. When the sum is less than one,
synergism is demonstrated. The lower the SI, the greater the synergy shown by that particular
mixture. Thus, a “synergistic combination” has an activity higher that what can be expected
based on the observed activities of the individual components when used alone. Further, a
“synergistically effective amount” of a component refers to the amount of the component
necessary to elicit a synergistic effect in, for example, another therapeutic agent present in the
composition.

In other embodiments, the method can be practiced in vitro or ex vivo by introducing, and
preferably mixing, the compound and cell(s) or tumor(s) in a controlled environment, such as a
culture dish or tube. The method can be practiced in vivo, in which case contacting means
exposing the target in a subject to at least one compound of the presently disclosed subject
matter, such as administering the compound to a subject via any suitable route. According to
the presently disclosed subject matter, contacting may comprise introducing, exposing, and the
like, the compound at a site distant to the cells to be contacted, and allowing the bodily
functions of the subject, or natural (e.g., diffusion) or man-induced (e.g., swirling) movements
of fluids to result in contact of the compound and the target.

The subject treated by the presently disclosed methods in their many embodiments is
desirably a human subject, although it is to be understood that the methods described herein are
effective with respect to all vertebrate species, which are intended to be included in the term
“subject.” Accordingly, a “subject” can include a human subject for medical purposes, such as
for the treatment of an existing condition or disease or the prophylactic treatment for preventing
the onset of a condition or disease, or an animal (non-human) subject for medical, veterinary

purposes, or developmental purposes. Suitable animal subjects include mammals including, but
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not limited to, primates, e.g., humans, monkeys, apes, and the like; bovines, e.g., cattle, oxen,
and the like; ovines, e.g., sheep and the like; caprines, e.g., goats and the like; porcines, e.g.,
pigs, hogs, and the like; equines, e.g., horses, donkeys, zebras, and the like; felines, including
wild and domestic cats; canines, including dogs; lagomorphs, including rabbits, hares, and the
like; and rodents, including mice, rats, and the like. An animal may be a transgenic animal. In
some embodiments, the subject is a human including, but not limited to, fetal, neonatal, infant,
juvenile, and adult subjects. Further, a “subject” can include a patient afflicted with or
suspected of being afflicted with a condition or disease. Thus, the terms “subject” and “patient”
are used interchangeably herein. In some embodiments, the subject is human. In other
embodiments, the subject is non-human.

As used herein, the term “treating” can include reversing, alleviating, inhibiting the
progression of, preventing, or reducing the likelihood of the disease, or condition to which such
term applies, or one or more symptoms or manifestations of such disease or condition.

"Preventing" refers to causing a disease, condition, or symptom or manifestation of such,
or worsening of the severity of such, not to occur. Accordingly, the presently disclosed
compounds can be administered prophylactically to prevent or reduce the incidence or recurrence
of the disease, or condition.

C. Pharmaceutical Compositions and Administration

The present disclosure provides a pharmaceutical composition including one compound
of formula (I-IV) alone or in combination with one or more additional therapeutic agents in
admixture with a pharmaceutically acceptable excipient. One of skill in the art will recognize
that the pharmaceutical compositions include the pharmaceutically acceptable salts of the
compounds described above. Pharmaceutically acceptable salts are generally well known to
those of ordinary skill in the art, and include salts of active compounds which are prepared with
relatively nontoxic acids or bases, depending on the particular substituent moieties found on the
compounds described herein. When compounds of the present disclosure contain relatively
acidic functionalities, base addition salts can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired base, either neat or in a suitable inert solvent
or by ion exchange, whereby one basic counterion (base) in an ionic complex is substituted for
another. Examples of pharmaceutically acceptable base addition salts include sodium,

potassium, calcium, ammonium, organic amino, or magnesium salt, or a similar salt.
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When compounds of the present disclosure contain relatively basic functionalities, acid
addition salts can be obtained by contacting the neutral form of such compounds with a sufficient
amount of the desired acid, either neat or in a suitable inert solvent or by ion exchange, whereby
one acidic counterion (acid) in an ionic complex is substituted for another. Examples of
pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatively nontoxic organic acids
like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric, lactic,
mandelic, phthalic, benzenesulfonic, p-toluenesulfonic, citric, tartaric, methanesulfonic, and the
like. Alsoincluded are salts of amino acids such as arginate and the like, and salts of organic
acids like glucuronic or galactunoric acids and the like (see, for example, Berge et al,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present disclosure contain both basic and acidic functionalities that allow the
compounds to be converted into either base or acid addition salts.

Accordingly, pharmaceutically acceptable salts suitable for use with the presently
disclosed subject matter include, by way of example but not limitation, acetate,
benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate,
carbonate, citrate, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, mucate, napsylate, nitrate, pamoate (embonate), pantothenate, phosphate/diphosphate,
polygalacturonate, salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, or teoclate.
Other pharmaceutically acceptable salts may be found in, for example, Remington: The Science
and Practice of Pharmacy (20® ed.) Lippincott, Williams & Wilkins (2000). In therapeutic
and/or diagnostic applications, the compounds of the disclosure can be formulated for a variety
of modes of administration, including systemic and topical or localized administration.
Techniques and formulations generally may be found in Remington: The Science and Practice of
Pharmacy (20™ ed.) Lippincott, Williams & Wilkins (2000).

Depending on the specific conditions being treated, such agents may be formulated into

liquid or solid dosage forms and administered systemically or locally. The agents may be

80



10

15

20

25

30

WO 2022/212958 PCT/US2022/023374

delivered, for example, in a timed- or sustained-slow release form as is known to those skilled in
the art. Techniques for formulation and administration may be found in Remington: The Science
and Practice of Pharmacy (20" ed.) Lippincott, Williams & Wilkins (2000). Suitable routes may
include oral, buccal, by inhalation spray, sublingual, rectal, transdermal, vaginal, transmucosal,
nasal or intestinal administration; parenteral delivery, including intramuscular, subcutaneous,
intramedullary injections, as well as intrathecal, direct intraventricular, intravenous, intra-
articullar, intra -steral, intra-synovial, intra-hepatic, intralesional, intracranial, intraperitoneal,
intranasal, or intraocular injections or other modes of delivery.

For injection, the agents of the disclosure may be formulated and diluted in aqueous
solutions, such as in physiologically compatible buffers such as Hank’s solution, Ringer’s
solution, or physiological saline buffer. For such transmucosal administration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are
generally known in the art.

Use of pharmaceutically acceptable inert carriers to formulate the compounds herein
disclosed for the practice of the disclosure into dosages suitable for systemic administration is
within the scope of the disclosure. With proper choice of carrier and suitable manufacturing
practice, the compositions of the present disclosure, in particular, those formulated as solutions,
may be administered parenterally, such as by intravenous injection. The compounds can be
formulated readily using pharmaceutically acceptable carriers well known in the art into dosages
suitable for oral administration. Such carriers enable the compounds of the disclosure to be
formulated as tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions, and the like, for
oral ingestion by a subject (e.g., patient) to be treated.

For nasal or inhalation delivery, the agents of the disclosure also may be formulated by
methods known to those of skill in the art, and may include, for example, but not limited to,
examples of solubilizing, diluting, or dispersing substances, such as saline; preservatives, such as
benzyl alcohol; absorption promoters; and fluorocarbons.

Pharmaceutical compositions suitable for use in the present disclosure include
compositions wherein the active ingredients are contained in an effective amount to achieve its
intended purpose. Determination of the effective amounts is well within the capability of those
skilled in the art, especially in light of the detailed disclosure provided herein. Generally, the

compounds according to the disclosure are effective over a wide dosage range. For example, in

81



10

15

20

25

30

WO 2022/212958 PCT/US2022/023374

the treatment of adult humans, dosages from 0.01 to 1000 mg, from 0.5 to 100 mg, from 1 to 50
mg per day, and from 5 to 40 mg per day are examples of dosages that may be used. A non-
limiting dosage is 10 to 30 mg per day. The exact dosage will depend upon the route of
administration, the form in which the compound is administered, the subject to be treated, the
body weight of the subject to be treated, the bioavailability of the compound(s), the adsorption,
distribution, metabolism, and excretion (ADME) toxicity of the compound(s), and the preference
and experience of the attending physician.

In addition to the active ingredients, these pharmaceutical compositions may contain
suitable pharmaceutically acceptable carriers comprising excipients and auxiliaries which
facilitate processing of the active compounds into preparations which can be used
pharmaceutically. The preparations formulated for oral administration may be in the form of
tablets, dragees, capsules, or solutions.

Pharmaceutical preparations for oral use can be obtained by combining the active
compounds with solid excipients, optionally grinding a resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol,
or sorbitol; cellulose preparations, for example, maize starch, wheat starch, rice starch, potato
starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl- cellulose, sodium
carboxymethyl-cellulose (CMC), and/or polyvinylpyrrolidone (PVP: povidone). If desired,
disintegrating agents may be added, such as the cross-linked polyvinylpyrrolidone, agar, or
alginic acid or a salt thereof such as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar
solutions may be used, which may optionally contain gum arabic, talc, polyvinylpyrrolidone,
carbopol gel, polyethylene glycol (PEG), and/or titanium dioxide, lacquer solutions, and suitable
organic solvents or solvent mixtures. Dye-stuffs or pigments may be added to the tablets or
dragee coatings for identification or to characterize different combinations of active compound
doses.

Pharmaceutical preparations that can be used orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin, and a plasticizer, such as glycerol or
sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler such as

lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate and,
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optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols (PEGs). In
addition, stabilizers may be added.

D. Definitions

Although specific terms are employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary
skill in the art to which this presently described subject matter belongs.

While the following terms in relation to compounds of formula (I-IV) are believed to be
well understood by one of ordinary skill in the art, the following definitions are set forth to
facilitate explanation of the presently disclosed subject matter. These definitions are intended to
supplement and illustrate, not preclude, the definitions that would be apparent to one of ordinary
skill in the art upon review of the present disclosure.

The terms substituted, whether preceded by the term “optionally” or not, and substituent,
as used herein, refer to the ability, as appreciated by one skilled in this art, to change one
functional group for another functional group on a molecule, provided that the valency of all
atoms is maintained. When more than one position in any given structure may be substituted
with more than one substituent selected from a specified group, the substituent may be either the
same or different at every position. The substituents also may be further substituted (e.g., an aryl
group substituent may have another substituent off it, such as another aryl group, which is further
substituted at one or more positions).

Where substituent groups or linking groups are specified by their conventional chemical
formulae, written from left to right, they equally encompass the chemically identical substituents
that would result from writing the structure from right to left, e.g., -CH20- is equivalent to -
OCHz-; -C(=0)0- is equivalent to -OC(=0)-; -OC(=0)NR- is equivalent to -NRC(=0)O-, and
the like.

When the term “independently selected” is used, the substituents being referred to (e.g.,
R groups, such as groups Ri, Rz, and the like, or variables, such as “m” and “n”), can be identical
or different. For example, both R and Rz can be substituted alkyls, or Ri1 can be hydrogen and
Rz can be a substituted alkyl, and the like.

@, 97 &L

The terms “a,” “an,” or “a(n),” when used in reference to a group of substituents herein,
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mean at least one. For example, where a compound is substituted with “an” alkyl or aryl, the
compound is optionally substituted with at least one alkyl and/or at least one aryl. Moreover,
where a moiety is substituted with an R substituent, the group may be referred to as “R-
substituted.” Where a moiety is R-substituted, the moiety is substituted with at least one R
substituent and each R substituent is optionally different.

A named “R” or group will generally have the structure that is recognized in the art as
corresponding to a group having that name, unless specified otherwise herein. For the purposes
of illustration, certain representative “R” groups as set forth above are defined below.

Descriptions of compounds of the present disclosure are limited by principles of chemical
bonding known to those skilled in the art. Accordingly, where a group may be substituted by
one or more of a number of substituents, such substitutions are selected so as to comply with
principles of chemical bonding and to give compounds which are not inherently unstable and/or
would be known to one of ordinary skill in the art as likely to be unstable under ambient
conditions, such as aqueous, neutral, and several known physiological conditions. For example,
a heterocycloalkyl or heteroaryl is attached to the remainder of the molecule via a ring
heteroatom in compliance with principles of chemical bonding known to those skilled in the art
thereby avoiding inherently unstable compounds.

Unless otherwise explicitly defined, a “substituent group,” as used herein, includes a
functional group selected from one or more of the following moieties, which are defined herein:

The term hydrocarbon, as used herein, refers to any chemical group comprising hydrogen
and carbon. The hydrocarbon may be substituted or unsubstituted. As would be known to one
skilled in this art, all valencies must be satisfied in making any substitutions. The hydrocarbon
may be unsaturated, saturated, branched, unbranched, cyclic, polycyclic, or heterocyclic.
Nlustrative hydrocarbons are further defined herein below and include, for example, methyl,
ethyl, n-propyl, isopropyl, cyclopropyl, allyl, vinyl, #-butyl, ferf-butyl, ethynyl, cyclohexyl, and
the like.

The term “alkyl,” by itself or as part of another substituent, means, unless otherwise
stated, a straight (i.e., unbranched) or branched chain, acyclic or cyclic hydrocarbon group, or
combination thereof, which may be fully saturated, mono- or polyunsaturated and can include di-
and multivalent groups, having the number of carbon atoms designated (i.e., C1.10 means one to

ten carbons, including 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 carbons). In particular embodiments, the
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term “alkyl” refers to C10 inclusive, including 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, and 20 carbons, linear (i.e., “straight-chain), branched, or cyclic, saturated or at least
partially and in some cases fully unsaturated (i.e., alkenyl and alkynyl) hydrocarbon radicals
derived from a hydrocarbon moiety containing between one and twenty carbon atoms by
removal of a single hydrogen atom.

Representative saturated hydrocarbon groups include, but are not limited to, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, zert-butyl, n-pentyl, sec-pentyl, isopentyl,
neopentyl, #-hexyl, sec-hexyl, n-heptyl, n-octyl, n-decyl, n-undecyl, dodecyl, cyclohexyl,
(cyclohexyl)methyl, cyclopropylmethyl, and homologs and isomers thereof.

“Branched” refers to an alkyl group in which a lower alkyl group, such as methyl, ethyl,
or propyl, is attached to a linear alkyl chain. “Lower alkyl” refers to an alkyl group having 1 to
about 8 carbon atoms (i.e., a Cis alkyl), e.g., 1,2,3,4,5, 6,7, or 8 carbon atoms. “Higher alkyl”
refers to an alkyl group having about 10 to about 20 carbon atoms, e.g., 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20 carbon atoms. In certain embodiments, “alkyl” refers, in particular, to C1-8
straight-chain alkyls. In other embodiments, “alkyl” refers, in particular, to Ci.s branched-chain
alkyls.

Alkyl groups can optionally be substituted (a “substituted alkyl”) with one or more alkyl
group substituents, which can be the same or different. The term “alkyl group substituent”
includes but is not limited to alkyl, substituted alkyl, halo, arylamino, acyl, hydroxyl, aryloxyl,
alkoxyl, alkylthio, arylthio, aralkyloxyl, aralkylthio, carboxyl, alkoxycarbonyl, oxo, and
cycloalkyl. There can be optionally inserted along the alkyl chain one or more oxygen, sulfur or
substituted or unsubstituted nitrogen atoms, wherein the nitrogen substituent is hydrogen, lower
alkyl (also referred to herein as “alkylaminoalkyl”), or aryl.

Thus, as used herein, the term “substituted alkyl” includes alkyl groups, as defined
herein, in which one or more atoms or functional groups of the alkyl group are replaced with
another atom or functional group, including for example, alkyl, substituted alkyl, halogen, aryl,
substituted aryl, alkoxyl, hydroxyl, nitro, amino, alkylamino, dialkylamino, sulfate, cyano, and
mercapto.

The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain having from 1 to 20 carbon atoms or

heteroatoms or a cyclic hydrocarbon group having from 3 to 10 carbon atoms or heteroatoms, or
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combinations thereof, consisting of at least one carbon atom and at least one heteroatom selected
from the group consisting of O, N, P, Si and S, and wherein the nitrogen, phosphorus, and sulfur
atoms may optionally be oxidized and the nitrogen heteroatom may optionally be quaternized.
The heteroatom(s) O, N, P and S and Si may be placed at any interior position of the heteroalky!
group or at the position at which alkyl group is attached to the remainder of the molecule.
Examples include, but are not limited to, -CH2-CH2-O-CHj3, -CHz-CH2-NH-

CHj3, -CH2-CHa-N(CH3)-CH3, -CH»-S-CH2-CH3, -CH2-CH2-S(O)-

CHs, -CHz2-CHz2-S(0)2-CHs, -CH=CH-0-CHs, -Si(CHs)s, -CHz-CH=N-OCH3, -CH=CH-N(CH3)-
CHj3, O-CHj3, -O-CH2-CH;3, and -CN. Up to two or three heteroatoms may be consecutive, such
as, for example, -CH2-NH-OCH3 and -CH>-O-Si(CH3)s.

As described above, heteroalkyl groups, as used herein, include those groups that are
attached to the remainder of the molecule through a heteroatom, such
as -C(O)NR’, -NR’R”, -OR’, -SR, -S(O)R, and/or —S(02)R’. Where “heteroalkyl” is recited,
followed by recitations of specific heteroalkyl groups, such as -NR’R or the like, it will be
understood that the terms heteroalkyl and -NR’R” are not redundant or mutually exclusive.
Rather, the specific heteroalkyl groups are recited to add clarity. Thus, the term “heteroalkyl”
should not be interpreted herein as excluding specific heteroalkyl groups, such as -NR'R” or the
like.

“Cyclic” and “cycloalkyl” refer to a non-aromatic mono- or multicyclic ring system of
about 3 to about 10 carbon atoms, e.g., 3,4, 5, 6, 7, 8,9, or 10 carbon atoms. The cycloalkyl
group can be optionally partially unsaturated. The cycloalkyl group also can be optionally
substituted with an alkyl group substituent as defined herein, oxo, and/or alkylene. There can be
optionally inserted along the cyclic alkyl chain one or more oxygen, sulfur or substituted or
unsubstituted nitrogen atoms, wherein the nitrogen substituent is hydrogen, unsubstituted alkyl,
substituted alkyl, aryl, or substituted aryl, thus providing a heterocyclic group. Representative
monocyclic cycloalkyl rings include cyclopentyl, cyclohexyl, and cycloheptyl. Multicyclic
cycloalkyl rings include adamantyl, octahydronaphthy!, decalin, camphor, camphane, and
noradamantyl, and fused ring systems, such as dihydro- and tetrahydronaphthalene, and the like.

The term “cycloalkylalkyl,” as used herein, refers to a cycloalkyl group as defined

hereinabove, which is attached to the parent molecular moiety through an alkylene moiety, also
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as defined above, e.g., a Ci20 alkylene moiety. Examples of cycloalkylalkyl groups include
cyclopropylmethyl and cyclopentylethyl.

The terms “cycloheteroalkyl” or “heterocycloalkyl” refer to a non-aromatic ring system,
unsaturated or partially unsaturated ring system, such as a 3- to 10-member substituted or
unsubstituted cycloalkyl ring system, including one or more heteroatoms, which can be the same
or different, and are selected from the group consisting of nitrogen (N), oxygen (O), sulfur (S),
phosphorus (P), and silicon (Si), and optionally can include one or more double bonds.

The cycloheteroalkyl ring can be optionally fused to or otherwise attached to other
cycloheteroalkyl rings and/or non-aromatic hydrocarbon rings. Heterocyclic rings include those
having from one to three heteroatoms independently selected from oxygen, sulfur, and nitrogen,
in which the nitrogen and sulfur heteroatoms may optionally be oxidized and the nitrogen
heteroatom may optionally be quaternized. In certain embodiments, the term heterocylic refers
to a non-aromatic 5-, 6-, or 7-membered ring or a polycyclic group wherein at least one ring
atom is a heteroatom selected from O, S, and N (wherein the nitrogen and sulfur heteroatoms
may be optionally oxidized), including, but not limited to, a bi- or tri-cyclic group, comprising
fused six-membered rings having between one and three heteroatoms independently selected
from the oxygen, sulfur, and nitrogen, wherein (i) each 5-membered ring has 0 to 2 double
bonds, each 6-membered ring has 0 to 2 double bonds, and each 7-membered ring has 0 to 3
double bonds, (ii) the nitrogen and sulfur heteroatoms may be optionally oxidized, (iii) the
nitrogen heteroatom may optionally be quaternized, and (iv) any of the above heterocyclic rings
may be fused to an aryl or heteroaryl ring. Representative cycloheteroalkyl ring systems include,
but are not limited to pyrrolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl,
pyrazolinyl, piperidinyl, piperazinyl, indolinyl, quinuclidinyl, morpholinyl, thiomorpholinyl,
thiadiazinanyl, tetrahydrofuranyl, and the like.

The terms “cycloalkyl” and “heterocycloalkyl”, by themselves or in combination with
other terms, represent, unless otherwise stated, cyclic versions of “alkyl” and “heteroalkyl”,
respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the position at which
the heterocycle is attached to the remainder of the molecule. Examples of cycloalkyl include,
but are not limited to, cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and
the like. Examples of heterocycloalkyl include, but are not limited to, 1-(1,2,5,6-
tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4- morpholinyl, 3-morpholinyl,
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tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1 -
piperazinyl, 2-piperazinyl, and the like. The terms “cycloalkylene” and “heterocycloalkylene”
refer to the divalent derivatives of cycloalkyl and heterocycloalkyl, respectively.

An unsaturated hydrocarbon has one or more double bonds or triple bonds. Examples of
unsaturated alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl,
2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and
the higher homologs and isomers. Alkyl groups which are limited to hydrocarbon groups are
termed “homoalkyl.”

More particularly, the term “alkenyl” as used herein refers to a monovalent group derived
from a Cz-20 inclusive straight or branched hydrocarbon moiety having at least one carbon-carbon
double bond by the removal of a single hydrogen molecule. Alkenyl groups include, for
example, ethenyl (i.e., vinyl), propenyl, butenyl, 1-methyl-2-buten-1-yl, pentenyl, hexenyl,
octenyl, allenyl, and butadienyl.

The term “cycloalkenyl” as used herein refers to a cyclic hydrocarbon containing at least
one carbon-carbon double bond. Examples of cycloalkenyl groups include cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclopentadiene, cyclohexenyl, 1,3-cyclohexadiene, cycloheptenyl,
cycloheptatrienyl, and cyclooctenyl.

The term “alkynyl” as used herein refers to a monovalent group derived from a straight or
branched Cz-20 hydrocarbon of a designed number of carbon atoms containing at least one
carbon-carbon triple bond. Examples of “alkynyl” include ethynyl, 2-propynyl (propargyl), 1-
propynyl, pentynyl, hexynyl, and heptynyl groups, and the like.

The term “alkylene” by itself or a part of another substituent refers to a straight or
branched bivalent aliphatic hydrocarbon group derived from an alkyl group having from 1 to
about 20 carbon atoms, e.g., 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
carbon atoms. The alkylene group can be straight, branched, or cyclic. The alkylene group also
can be optionally unsaturated and/or substituted with one or more “alkyl group substituents.”
There can be optionally inserted along the alkylene group one or more oxygen, sulfur or
substituted or unsubstituted nitrogen atoms (also referred to herein as “alkylaminoalkyl”),
wherein the nitrogen substituent is alkyl as previously described. Exemplary alkylene groups
include methylene (—CH2-); ethylene (-CH2—CH>-); propylene (-(CH2)3—); cyclohexylene (-
CsHio—), -CH=CH-CH=CH-; -CH=CH-CH:—; -CH>CH2CH2CH23-, -CH2CH=CHCH2>-, -
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CH2CsCCHz-, -CH2CH2CH(CH2CH2CH3)CHz-, -(CHz)q-N(R)-(CHz)r—, wherein each of q and r
is independently an integer from 0 to about 20,e.g.,0, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, or 20, and R is hydrogen or lower alkyl; methylenedioxyl (-O-CHz2-0-); and
ethylenedioxyl (-O-(CH2):-O-). An alkylene group can have about 2 to about 3 carbon atoms
and can further have 6-20 carbons. Typically, an alkyl (or alkylene) group will have from 1 to
24 carbon atoms, with those groups having 10 or fewer carbon atoms being some embodiments
of the present disclosure. A “lower alkyl” or “lower alkylene” is a shorter chain alkyl or
alkylene group, generally having eight or fewer carbon atoms.

The term “heteroalkylene” by itself or as part of another substituent means a divalent
group derived from heteroalkyl, as exemplified, but not limited
by, -CHz2-CHz-S-CHz2-CHaz- and -CH3z-S-CH2-CH2-NH-CHz-. For heteroalkylene groups,
heteroatoms also can occupy either or both of the chain termini (e.g., alkyleneoxo,
alkylenedioxo, alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and
heteroalkylene linking groups, no orientation of the linking group is implied by the direction in
which the formula of the linking group is written. For example, the
formula -C(O)OR’- represents both -C(O)OR’- and —-R’OC(O)-.

The term “aryl” means, unless otherwise stated, an aromatic hydrocarbon substituent that
can be a single ring or multiple rings (such as from 1 to 3 rings), which are fused together or
linked covalently. The term “heteroaryl” refers to aryl groups (or rings) that contain from one to
four heteroatoms (in each separate ring in the case of multiple rings) selected from N, O, and S,
wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. A heteroaryl group can be attached to the remainder of the molecule
through a carbon or heteroatom. Non-limiting examples of aryl and heteroaryl groups include
phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-
imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-
isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5- thiazolyl, 2-furyl, 3-furyl, 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4- pyrimidyl, 5-benzothiazolyl,
purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5- isoquinolyl, 2-quinoxalinyl, 5-
quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of above noted ary! and
heteroary! ring systems are selected from the group of acceptable substituents described below.

The terms “arylene” and “heteroarylene” refer to the divalent forms of aryl and heteroaryl,
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respectively.

For brevity, the term “aryl” when used in combination with other terms (e.g., aryloxy,
arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above. Thus, the terms
“arylalkyl” and “heteroarylalkyl” are meant to include those groups in which an aryl or
heteroaryl group is attached to an alkyl group (e.g., benzyl, phenethyl, pyridylmethyl,
furylmethyl, and the like) including those alkyl groups in which a carbon atom (e.g., a methylene
group) has been replaced by, for example, an oxygen atom (e.g., phenoxymethyl, 2-
pyridyloxymethyl, 3-(1-naphthyloxy)propyl, and the like). However, the term “haloaryl,” as used
herein is meant to cover only aryls substituted with one or more halogens.

Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes a specific number of
members (e.g., “3 to 7 membered”), the term “member” refers to a carbon or heteroatom.

Further, a structure represented generally by the formula:

7

— R _i(R)n

X

or
as used herein refers to a ring structure, for example, but not limited to a 3-carbon, a 4-carbon, a
5-carbon, a 6-carbon, a 7-carbon, and the like, aliphatic and/or aromatic cyclic compound,
including a saturated ring structure, a partially saturated ring structure, and an unsaturated ring
structure, comprising a substituent R group, wherein the R group can be present or absent, and
when present, one or more R groups can each be substituted on one or more available carbon
atoms of the ring structure. The presence or absence of the R group and number of R groups is
determined by the value of the variable “n,” which is an integer generally having a value ranging
from O to the number of carbon atoms on the ring available for substitution. Each R group, if
more than one, is substituted on an available carbon of the ring structure rather than on another R
group. For example, the structure above where n is 0 to 2 would comprise compound groups

including, but not limited to:

Rz

Rz

Rz
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and the like.

A dashed line representing a bond in a cyclic ring structure indicates that the bond can be
either present or absent in the ring. That is, a dashed line representing a bond in a cyclic ring
structure indicates that the ring structure is selected from the group consisting of a saturated ring
structure, a partially saturated ring structure, and an unsaturated ring structure.

The symbol ( ™™ ) denotes the point of attachment of a moiety to the remainder of
the molecule.

When a named atom of an aromatic ring or a heterocyclic aromatic ring is defined as
being “absent,” the named atom is replaced by a direct bond.

Each of above terms (e.g. , “alkyl,” “heteroalkyl,” “cycloalkyl, and “heterocycloalkyl”,
“aryl,” “heteroaryl,” “phosphonate,” and “sulfonate” as well as their divalent derivatives) are
meant to include both substituted and unsubstituted forms of the indicated group. Optional
substituents for each type of group are provided below.

Substituents for alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl monovalent and divalent
derivative groups (including those groups often referred to as alkylene, alkenyl, heteroalkylene,
heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can
be one or more of a variety of groups selected from, but not limited to: -OR’, =0, =NR’, =N-
OR’, -NR’R”, -SR’, -halogen, -SiR’R”R’”, -OC(O)R’, -C(O)R’, -CO2R’,-C(O)NR’R”, -
OC(O)NR’R”, -NR”C(O)R’, -NR’-C(O)NR”R’”, -NR”C(O)OR’, -NR-C(NR’R”)=NR"”, -
S(O)R’, -S(O):R’, -S(0)NR’R”, -NRSO2R’, -CN, CF3, fluorinated Ci-4 alkyl, and -NOz in a
number ranging from zero to (2m’+1), where m’ is the total number of carbon atoms in such
groups. R”, R”, R”” and R”” each may independently refer to hydrogen, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl (e.g., aryl substituted with 1-3 halogens),
substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups. As used
herein, an “alkoxy” group is an alkyl attached to the remainder of the molecule through a
divalent oxygen. When a compound of the disclosure includes more than one R group, for
example, each of the R groups is independently selected as are each R’, R”, R”” and R”” groups
when more than one of these groups is present. When R’ and R” are attached to the same
nitrogen atom, they can be combined with the nitrogen atom to form a 4-, 5-, 6-, or 7- membered

ring. For example, -NR’R” is meant to include, but not be limited to, 1- pyrrolidinyl and 4-
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morpholinyl. From the above discussion of substituents, one of skill in the art will understand
that the term “alkyl” is meant to include groups including carbon atoms bound to groups other
than hydrogen groups, such as haloalkyl (e.g., -CF3 and -CH2CF3) and acyl (e.g., -C(O)CHs, -
C(O)CFs3, -C(O)CH20CHs, and the like).

Similar to the substituents described for alkyl groups above, exemplary substituents for
aryl and heteroaryl groups (as well as their divalent derivatives) are varied and are selected from,
for example: halogen, -OR’, -NR’R” -SR’, -SiR’R”R’” -OC(O)R’, -C(O)R’, -CO2R’, -
C(O)NR’R”, -OC(O)NR’R”, -NR”C(O)R’, -NR’-C(O)NR”R’”, -NR”C(O)OR’, -NR-
C(NR’R”R’”)=NR””, -NR-C(NR’R”)=NR’” -S(O)R’, -S(O):R’, -S(0)2NR’R”, -NRSO:R’, -CN
and -NOz, -R’, -Ns, -CH(Ph)z, fluoro(C14)alkoxo, and fluoro(Ci-1)alkyl, in a number ranging
from zero to the total number of open valences on aromatic ring system; and where R’, R”, R*”
and R”” may be independently selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl and substituted or unsubstituted
heteroaryl. When a compound of the disclosure includes more than one R group, for example,
each of the R groups is independently selected as are each R’, R”, R’ and R”” groups when
more than one of these groups is present.

Two of the substituents on adjacent atoms of aryl or heteroaryl ring may optionally form
a ring of the formula -T-C(O)-(CRR’)¢-U-, wherein T and U are independently -NR-, -O-, -
CRR’- or a single bond, and q is an integer of from 0 to 3. Alternatively, two of the substituents
on adjacent atoms of aryl or heteroaryl ring may optionally be replaced with a substituent of the
formula -A-(CHz2)r-B-, wherein A and B are independently -CRR’-, -O-, -NR-, -S-, -S(O)-, -
S(0)2-, -S(0):NR’- or a single bond, and r is an integer of from 1 to 4.

One of the single bonds of the new ring so formed may optionally be replaced with a
double bond. Alternatively, two of the substituents on adjacent atoms of aryl or heteroaryl ring
may optionally be replaced with a substituent of the formula -(CRR”)s-X’- (C”R’”)d-, where s
and d are independently integers of from 0 to 3, and X’ is -O-, -NR’-, -S-, -S(O)-, -S(O)2-, or -
S(O)NR’-. The substituents R, R’, R” and R’” may be independently selected from hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl.
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As used herein, the term “acyl” refers to an organic acid group wherein the -OH of the
carboxyl group has been replaced with another substituent and has the general formula RC(=0)-,
wherein R is an alkyl, alkenyl, alkynyl, aryl, carbocylic, heterocyclic, or aromatic heterocyclic
group as defined herein). As such, the term “acyl” specifically includes arylacyl groups, such as
a 2-(furan-2-yl)acetyl)- and a 2-phenylacetyl group. Specific examples of acyl groups include
acetyl and benzoyl. Acyl groups also are intended to include amides, -RC(=O)NR’,
esters, -RC(=0)OR’, ketones, -RC(=0)R’, and aldehydes, -RC(=0O)H.

The terms “alkoxyl” or “alkoxy” are used interchangeably herein and refer to a saturated
(i.e., alkyl-O-) or unsaturated (i.e., alkenyl-O- and alkynyl-O-) group attached to the parent

2 <

molecular moiety through an oxygen atom, wherein the terms “alkyl,” “alkenyl,” and “alkynyl”
are as previously described and can include Ci-20 inclusive, linear, branched, or cyclic, saturated
or unsaturated oxo-hydrocarbon chains, including, for example, methoxyl, ethoxyl, propoxyl,
isopropoxyl, n-butoxyl, sec-butoxyl, ferz-butoxyl, and n-pentoxyl, neopentoxyl, #-hexoxyl, and
the like.

The term “alkoxyalkyl” as used herein refers to an alkyl-O-alkyl ether, for example, a
methoxyethyl or an ethoxymethyl group.

“Aryloxyl” refers to an aryl-O- group wherein the aryl group is as previously described,
including a substituted aryl. The term “aryloxyl” as used herein can refer to phenyloxyl or
hexyloxyl, and alkyl, substituted alkyl, halo, or alkoxyl substituted phenyloxyl or hexyloxyl.

“Aralkyl” refers to an aryl-alkyl-group wherein aryl and alkyl are as previously
described, and included substituted aryl and substituted alkyl. Exemplary aralkyl groups include
benzyl, phenylethyl, and naphthylmethyl.

“Aralkyloxyl” refers to an aralkyl-O— group wherein the aralkyl group is as previously
described. An exemplary aralkyloxyl group is benzyloxyl, i.e., CéHs-CH2-O-. An aralkyloxyl
group can optionally be substituted.

“Alkoxycarbonyl” refers to an alkyl-O-C(=0)- group. Exemplary alkoxycarbonyl
groups include methoxycarbonyl, ethoxycarbonyl, butyloxycarbonyl, and zerz-butyloxycarbonyl.

“Aryloxycarbonyl” refers to an aryl-O-C(=0)- group. Exemplary aryloxycarbonyl
groups include phenoxy- and naphthoxy-carbonyl.

“Aralkoxycarbonyl” refers to an aralkyl-O-C(=0)— group. An exemplary

aralkoxycarbonyl group is benzyloxycarbonyl.
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“Carbamoyl” refers to an amide group of the formula —C(=0)NHa. “Alkylcarbamoyl”
refers to a R’RN-C(=0)- group wherein one of R and R’ is hydrogen and the other of R and R’
is alkyl and/or substituted alkyl as previously described. “Dialkylcarbamoyl” refers to a R’ RN—
C(=0)- group wherein each of R and R’ is independently alkyl and/or substituted alkyl as
previously described.

The term carbonyldioxyl, as used herein, refers to a carbonate group of the formula -O-
C(=0)-OR.

“Acyloxyl” refers to an acyl-O- group wherein acyl is as previously described.

The term “amino” refers to the -NH2 group and also refers to a nitrogen containing group
as is known in the art derived from ammonia by the replacement of one or more hydrogen
radicals by organic radicals. For example, the terms “acylamino” and “alkylamino” refer to
specific N-substituted organic radicals with acyl and alkyl substituent groups, respectively.

An “aminoalkyl” as used herein refers to an amino group covalently bound to an alkylene
linker. More particularly, the terms alkylamino, dialkylamino, and trialkylamino as used herein
refer to one, two, or three, respectively, alkyl groups, as previously defined, attached to the
parent molecular moiety through a nitrogen atom. The term alkylamino refers to a group having
the structure -NHR’ wherein R’ is an alkyl group, as previously defined; whereas the term
dialkylamino refers to a group having the structure -NR’R”, wherein R’ and R” are each
independently selected from the group consisting of alkyl groups. The term trialkylamino refers
to a group having the structure -NR’R”R”’, wherein R’, R”, and R’” are each independently
selected from the group consisting of alkyl groups. Additionally, R’, R”, and/or R’” taken
together may optionally be (CH2)x— where k is an integer from 2 to 6. Examples include, but
are not limited to, methylamino, dimethylamino, ethylamino, diethylamino,
diethylaminocarbonyl, methylethylamino, isopropylamino, piperidino, trimethylamino, and
propylamino.

The amino group is -NR'R”, wherein R' and R” are typically selected from hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl.

The terms alkylthioether and thicalkoxyl refer to a saturated (i.e., alkyl-S-) or
unsaturated (i.e., alkenyl-S— and alkynyl-S-) group attached to the parent molecular moiety
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through a sulfur atom. Examples of thioalkoxyl moieties include, but are not limited to,
methylthio, ethylthio, propylthio, isopropylthio, n-butylthio, and the like.

“Acylamino” refers to an acyl-NH- group wherein acyl is as previously described.
“Aroylamino” refers to an aroyl-NH— group wherein aroyl is as previously described.

The term “carbonyl” refers to the —C(=0)— group, and can include an aldehyde group
represented by the general formula R-C(=0)H.

The term “carboxyl” refers to the -COOH group. Such groups also are referred to herein
as a “carboxylic acid” moiety.

The term “cyano” refers to the -C=N group.

The terms “halo,” “halide,” or “halogen” as used herein refer to fluoro, chloro, bromo,
and iodo groups. Additionally, terms such as “haloalkyl,” are meant to include monohaloalkyl
and polyhaloalkyl. For example, the term “halo(C1-4)alkyl” is mean to include, but not be limited
to, trifluoromethyl, 2,2 2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

The term “hydroxyl” refers to the -OH group.

The term “hydroxyalkyl” refers to an alkyl group substituted with an —OH group.

The term “mercapto” refers to the —SH group.

The term “oxo” as used herein means an oxygen atom that is double bonded to a carbon
atom or to another element.

The term “nitro” refers to the -NOz group.

The term “thio” refers to a compound described previously herein wherein a carbon or
oxygen atom is replaced by a sulfur atom.

The term “sulfate” refers to the —SQO4 group.

The term thiohydroxyl or thiol, as used herein, refers to a group of the formula —SH.

More particularly, the term “sulfide” refers to compound having a group of the formula —
SR.

The term “sulfone” refers to compound having a sulfonyl group —S(02)R.

The term “sulfoxide” refers to a compound having a sulfinyl group —S(O)R

The term ureido refers to a urea group of the formula -NH—CO—NH3.

Throughout the specification and claims, a given chemical formula or name shall
encompass all tautomers, congeners, and optical- and stereoisomers, as well as racemic mixtures

where such 1somers and mixtures exist.
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Certain compounds of the present disclosure may possess asymmetric carbon atoms
{optical or chiral centers) or double bonds; the enantiomers, racemates, diastereomers, tautomers,
geometric isomers, stereoisometric forms that may be defined, in terms of absolute
stereochemistry, as (R)-or (S)- or, as D- or L- for amino acids, and individual isomers are
encompassed within the scope of the present disclosure. The compounds of the present
disclosure do not include those which are known in art to be too unstable to synthesize and/or
isolate. The present disclosure is meant to include compounds in racemic, scalemic, and
optically pure forms. Optically active (R)- and (S)-, or D- and L-isomers may be prepared using
chiral synthons or chiral reagents, or resolved using conventional techniques. When the
compounds described herein contain olefenic bonds or other centers of geometric asymmetry,
and unless specified otherwise, it is intended that the compounds include both £ and Z geometric
isomers.

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

It will be apparent to one skilled in the art that certain compounds of this disclosure may
exist in tautomeric forms, all such tautomeric forms of the compounds being within the scope of
the disclosure. The term “tautomer,” as used herein, refers to one of two or more structural
isomers which exist in equilibrium and which are readily converted from one isomeric form to
another.

Unless otherwise stated, structures depicted herein are also meant to include compounds
which differ only in the presence of one or more isotopically enriched atoms. For example,
compounds having the present structures with the replacement of a hydrogen by a deuterium or
trittum, or the replacement of a carbon by *C- or *C-enriched carbon are within the scope of this
disclosure.

The compounds of the present disclosure may also contain unnatural proportions of
atomic isotopes at one or more of atoms that constitute such compounds. For example, the
compounds may be radiolabeled with radioactive isotopes, such as for example tritium (CH),
iodine-125 (*2°I) or carbon-14 (1*C). All isotopic variations of the compounds of the present

disclosure, whether radioactive or not, are encompassed within the scope of the present
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disclosure.

The compounds of the present disclosure may exist as salts. The present disclosure
includes such salts. Examples of applicable salt forms include hydrochlorides, hydrobromides,
sulfates, methanesulfonates, nitrates, maleates, acetates, citrates, fumarates, tartrates (e.g. (+)-
tartrates, (-)-tartrates or mixtures thereof including racemic mixtures, succinates, benzoates, and
salts with amino acids such as glutamic acid. These salts may be prepared by methods known to
those skilled in art. Also included are base addition salts such as sodium, potassium, calcium,
ammonium, organic amino, or magnesium salt, or a similar salt. When compounds of the
present disclosure contain relatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
either neat or in a suitable inert solvent or by ion exchange. Examples of acceptable acid
addition salts include those derived from inorganic acids like hydrochloric, hydrobromic, nitric,
carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and the
like, as well as the salts derived organic acids like acetic, propionic, isobutyric, maleic, malonic,
benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic,
citric, tartaric, methanesulfonic, and the like. Also included are salts of amino acids such as
arginate and the like, and salts of organic acids like glucuronic or galactunoric acids and the like.
Certain specific compounds of the present disclosure contain both basic and acidic functionalities
that allow the compounds to be converted into either base or acid addition salts.

The neutral forms of the compounds may be regenerated by contacting the salt with a
base or acid and isolating the parent compound in the conventional manner. The parent form of
the compound differs from the various salt forms in certain physical properties, such as solubility
in polar solvents.

Certain compounds of the present disclosure can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are encompassed within the scope of the present disclosure. Certain
compounds of the present disclosure may exist in multiple crystalline or amorphous forms. In
general, all physical forms are equivalent for the uses contemplated by the present disclosure and
are intended to be within the scope of the present disclosure.

In addition to salt forms, the present disclosure provides compounds, which are in a
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prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present disclosure. Additionally, prodrugs can be converted to the compounds of the present
disclosure by chemical or biochemical methods in an ex vivo environment. For example,
prodrugs can be slowly converted to the compounds of the present disclosure when placed in a
transdermal patch reservoir with a suitable enzyme or chemical reagent.

The term “protecting group” refers to chemical moieties that block some or all reactive
moieties of a compound and prevent such moieties from participating in chemical reactions until
the protective group is removed, for example, those moieties listed and described in T. W.
Greene, P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd ed. John Wiley & Sons
(1999). It may be advantageous, where different protecting groups are employed, that each
(different) protective group be removable by a different means. Protective groups that are
cleaved under totally disparate reaction conditions allow differential removal of such protecting
groups. For example, protective groups can be removed by acid, base, and hydrogenolysis.
Groups such as trityl, dimethoxytrityl, acetal and tert-butyldimethylsilyl are acid labile and may
be used to protect carboxy and hydroxy reactive moieties in the presence of amino groups
protected with Cbz groups, which are removable by hydrogenolysis, and Fmoc groups, which are
base labile. Carboxylic acid and hydroxy reactive moieties may be blocked with base labile
groups such as, without limitation, methyl, ethyl, and acetyl in the presence of amines blocked
with acid labile groups such as tert-butyl carbamate or with carbamates that are both acid and
base stable but hydrolytically removable.

Carboxylic acid and hydroxy reactive moieties may also be blocked with hydrolytically
removable protective groups such as the benzyl group, while amine groups capable of hydrogen
bonding with acids may be blocked with base labile groups such as Fmoc. Carboxylic acid
reactive moieties may be blocked with oxidatively-removable protective groups such as 2,4-
dimethoxybenzyl, while co-existing amino groups may be blocked with fluoride labile silyl
carbamates.

Allyl blocking groups are useful in the presence of acid- and base- protecting groups
since the former are stable and can be subsequently removed by metal or pi-acid catalysts. For
example, an allyl-blocked carboxylic acid can be deprotected with a palladium(O)- catalyzed

reaction in the presence of acid labile t-butyl carbamate or base-labile acetate amine protecting
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groups. Yet another form of protecting group is a resin to which a compound or intermediate
may be attached. As long as the residue is attached to the resin, that functional group is blocked
and cannot react. Once released from the resin, the functional group is available to react.

Typical blocking/protecting groups include, but are not limited to the following moieties:

N ©ﬁ§ @/\Oig HZC/\/O\Lé o}
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CH;, CHs ]
CH HyCu_ CH; O
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Following long-standing patent law convention, the terms “a,” “an,” and “the” refer to
“one or more” when used in this application, including the claims. Thus, for example, reference
to “a subject” includes a plurality of subjects, unless the context clearly is to the contrary (e.g., a

10 plurality of subjects), and so forth.

Throughout this specification and the claims, the terms “comprise,” “comprises,” and
“comprising” are used in a non-exclusive sense, except where the context requires otherwise.
Likewise, the term “include” and its grammatical variants are intended to be non-limiting, such
that recitation of items in a list is not to the exclusion of other like items that can be substituted

15 or added to the listed items.
For the purposes of this specification and appended claims, unless otherwise indicated, all

numbers expressing amounts, sizes, dimensions, proportions, shapes, formulations, parameters,
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percentages, quantities, characteristics, and other numerical values used in the specification and
claims, are to be understood as being modified in all instances by the term “about” even though
the term “about” may not expressly appear with the value, amount, or range. Accordingly,
unless indicated to the contrary, the numerical parameters set forth in the following specification
and attached claims are not and need not be exact, but may be approximate and/or larger or
smaller as desired, reflecting tolerances, conversion factors, rounding off, measurement error and
the like, and other factors known to those of skill in the art depending on the desired properties
sought to be obtained by the presently disclosed subject matter. For example, the term “about,”
when referring to a value can be meant to encompass variations of, in some embodiments, +
100% in some embodiments = 50%, in some embodiments + 20%, in some embodiments + 10%,
in some embodiments £ 5%, in some embodiments £1%, in some embodiments + 0.5%, and in
some embodiments + 0.1% from the specified amount, as such variations are appropriate to
perform the disclosed methods or employ the disclosed compositions.

Further, the term “about” when used in connection with one or more numbers or
numerical ranges, should be understood to refer to all such numbers, including all numbers in a
range and modifies that range by extending the boundaries above and below the numerical values
set forth. The recitation of numerical ranges by endpoints includes all numbers, e.g., whole
integers, including fractions therecf, subsumed within that range (for example, the recitation of 1
to Sincludes 1, 2, 3, 4, and 5, as well as fractions thereof, e g, 1.5, 2.25, 3.75, 4.1, and the like)

and any range within that range.

EXAMPLES

The following Examples have been included to provide guidance to one of ordinary skill
in the art for practicing representative embodiments of the presently disclosed subject matter. In
light of the present disclosure and the general level of skill in the art, those of skill can appreciate
that the following Examples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the scope of the presently
disclosed subject matter. The synthetic descriptions and specific examples that follow are only
intended for the purposes of illustration, and are not to be construed as limiting in any manner to

make compounds of the disclosure by other methods.
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EXAMPLE 1
Heterovalent FAP and PSMA Ligands

1.1 Experimental procedures and Spectral Characterization

Methyl (6-hydroxyquinoline-4-carbonyl)glycinate (2): 6-Hydroxyquinoline-4-carboxylic acid
(1) (200 mg, 1.05 mmol, 1.0 eq.), methyl glycinate HCI salt (200 mg, 1.58 mmol, 1.5 eq.) and
HATU (603 mg, 1.58 mmol, 1.5 eq.) were dissolved in 5 mL anhydrous DMF. To the solution,
DIPEA (0.46 mL, 2.64 mmol, 2.5 eq.) was added. The reaction was stirred at room temperature
for 6 h. After the solvent was removed under vacuum, the mixture was loaded onto a 25g C18
cartridge and the product was purified with a MeCN/water/TFA gradient (0/100/0.1 to
90/10/0.1). After lyophilization, the product 2 was obtained as a yellow powder with a yield of
76% (209 mg). 'H-NMR (400 MHz, CD3;0D): 6 8.69 (s, 1H), 7.94 (d, /= 7.92 Hz, 1H),
7.57-7.51 (m, 3H), 7.42—7.37 (m, 1H), 4.21 (s, 2H), 3.81 (s, 3H). *C-NMR (100 MHz,
CDs0OD): 61724,160.9, 145.1, 143.7,129.7, 129.4, 128.3, 121.8, 119.6, 112.4, 109.1, 56.8,
44 8. ESI-MS: m/z calculated for C13H13N204 [M + H]" 261.3; found 261.0.

Methyl (6-(3-((tert-butoxycarbonyl)amino)propoxy)quinoline-4-carbonyl)glycinate (3):
Methyl (6-hydroxyquinoline-4-carbonyl)glycinate (2) (100 mg, 0.38 mmol, 1.0 eq.), 3-(Boc-
amino) propyl bromide (230 mg, 0.96 mmol, 2.5 eq.) were dissolved in 4 mL anhydrous DMF.
Cs2C03 (376 mg, 1.15 mmol, 3.0 eq.) was added to the solution and the reaction was stirred at
room temperature overnight. After filtration, the solvent was removed under vacuum and the
remaining mixture was loaded onto a 25g C18 cartridge. The product was purified with a
MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization, the product 3 was
obtained as a yellow powder with a yield of 54% (86 mg). 'H-NMR (400 MHz, CDCl3): &
8.68-8.37 (m, 2H), 8.02 (d, /= 9.1 Hz, 1H), 7.80 (s, 1H), 7.72-7.64 (m, 1H), 7.40 (d, /J=9.1
Hz, 1H), 4.94 (br s, 1H), 441-4.31 (m, 2H), 4.27-4.18 (m, 2H), 3.85 (s, 3H), 3.44-3.30 (m,
2H), 2.13-2.00 (m, 2H), 1.43 (s, 9H). *C NMR (100 MHz, CDCl3): & 170.1, 167.2, 158.4,
144.7,142.3, 128.4, 126.1, 124 7, 119.1, 103.7, 79.5, 60.4, 52.5, 41 .4,37.7,29.3, 28 4. ESI-MS:
m/z calculated for C21H28N306 [M + H]™ 418.5; found 418.1.
tert-Butyl(S)-(3-((4-((2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-
yl)oxy)propyl)earbamate (5): Compound 3 (145 mg, 0.347 mmol, 1.0 eq.) and LiOH (58 .4
mg, 1.39 mmol, 4.0 eq.) was stirred in 5 mL of H2O/THF (1/1) for 6 hours. After most of the

THF was removed under vacuum, the mixture was loaded onto a 25g C18 cartridge and eluted
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with a MeCN/water/TF A gradient (0/100/0.1 to 90/10/0.1) to remove the salts. After removal of
solvent and drying, the product 4 was obtained in quantitative yield. To a stirred solution of 4
(144 mg, 0.357 mmol, 1.0 eq.) in anhydrous DMF (4 mL) was added (S)-pyrrolidine-2-
carbonitrile (56.8 mg, 0.428 mmol, 1.2 eq.), HATU (163 mg, 0.428 mmol, 1.2 eq.) and DIPEA
(125 pL, 0.714 mmol, 2.0 eq.). After 6 hours, the solvent was removed under vacuum and the
crude mixture was loaded onto a 25g C18 cartridge (Silicycle, Canada). The product was
purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization, the
product 5 was obtained with a yield of 80% (135 mg). *H NMR (400 MHz, CDCls): § 8.73 (s,
1H), 7.95 (d, J = 10.2 Hz, 1H), 7.68 (brs, 1H), 7.63-7.56 (m, 1H), 7.567.48 (m, 1H),
7.38-7.29 (m, 1H), 5.27 (br s, 1H), 4.84—4.72 (m, 1H), 4.46-4.35 (m, 1H), 4.33—4.20 (m, 1H),
4.17-4.09 (m, 2H), 3.78-3.64 (m, 1H), 3.59-3.46 (m, 1H), 3.36 (s, 2H), 2.38-2.17 (m, 4H), 1.42
(s, 9H), 1.35-1.27 (m, 2H). 3C NMR (100 MHz, CDCls): § 167.6, 167.5, 157.9, 156.2, 146.3,
130.2, 125.7, 123.7, 119.3, 118.0, 103.3, 79.0, 65.9, 46.8, 45.7, 42.2, 37.6, 29.8, 29.3, 28.4, 25 1.
ESI-MS: m/z calculated for C2sH32NsOs [M + H]™ 482.6; found 482.2.
(S)-N-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)-6-(3-(pent-4-ynamid o) propoxy)quinoline-4-
carboxamide (FAP-Acetylenel): Compound 5 (100 mg, 0.207 mmol.) was treated with a 1 mL
solution of TFA/methylene chloride (1/1) for 2 h. The solvent was removed under vacuum, and
the crude mixture was loaded onto a 12g C18 cartridge (Silicycle, Canada). The product was
purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization,
product 6 was obtained with a quantitative yield. To the stirred solution of 6 (10 mg, 0.026
mmol, 1.0 eq.) in DMF (1 mL) was added 2,5-dioxopyrrolidin-1-yl pent-4-ynoate (7) (5.12 mg,
0.026 mmol, 1.0 eq.) and DIPEA (13.5 uL, 0.078 mmol, 3.0 eq.). After 2 hours, the solvent was
removed under vacuum and the crude mixture was loaded onto a 12g C18 cartridge (Silicycle,
Canada). The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1).
After lyophilization, 8.6 mg of FAP-Acetylenel was obtained with a yield of 71%. ESI-MS: m/z
calculated for C2sH2sNsO4 [M + H]™ 462.2; found 462.1.
(((S)-5-(5-Amino-N-(4-bromobenzyl)pentanamido)-1-carboxypentyl)carbamoyl)-L-
glutamic acid (9): To a stived solution of' 8 (214 mg, (0.326 mmol, 1.0 eq.} and 2,5~
dioxopyrrolidin-1-yl 5-{{tert-butoxycarbonyllamino}pentancate (102.5 mg, 0.326 mmol, 1 0 eq.}
0 DMF (2 mL) was added DIPEA (170 ¢, 0.978 muuol, 3.0 eq.) at room temperaiure. The

reaction mixture was stirred for 24 h and concentrated to get crude product. To the above crude
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was added 2 ml of TRA/CH2CI (1.1} at room temperature and mixture wags stirred for 2 b
Reaction mixture was concentrated to get the crude which was loaded onto a 12g C18 cartridge
{Silicycle, Canadas. The product was purified with a MeCN/water/TFA gradient ((71100/0 1 o
80/10/0.1). After lyophilization, afforded compound 9 (143 mg, 75%) as a white solid. H'-NMR
(500 MHz, D20, 6755¢d, I =85 Hx, 1H), 751 {d, F=85Hz 1H), 7.12(dd, ] = 2.5, 8 0 Hz,
2H), 4.59 (s, 1H), 4.51 {5, 1H), 4.20-4.22 (m, 1H), 4.19-4.11 {m, 1H), 3.30-3.29 (m, 2H), 3.05-
7.88 {m, 2H), 2.59-2.38 {m, 4H), 2.22-2.10 {m, 13, 2.02-1.90 {m, 1F), 1.82-1.46 (m, 8H), 1.39-
1.24 {m, ZH).
(185,238.278)-16-Amino-18-{4-bromobenzyl}-2,2-dimethyl-4,11,17.23-tetranxo-3-oxa-
5,12,18,24,26-pentaszanonacosane-23,27,29-tricarboxylic acid {18 To a stirred solution of 8
{139 mg, 0.236 mmol, 10 eq } and Fmoc-L-Lys{Boc)-08u (133 9 mg, 6.236 mmol, 1 0eg jin
DMF (2 ml) was added DIPEA (250 111, 142 mumol, 6.0 eq.) at roum temperature. The reaction
mixture was stirred for 2 b and concentrated to get crude product. To the above crude was added
2 i of 20% piperidine in DMF (3 mL)} at room temperature and mixture was stivred for 1 h
Reaction mixture was concentrated 10 get the crude which was loaded onto a 12g C18 cartridge
{Silicycle, Canada). The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to
890/10/0.1). After lyophilization, afforded compound 18 (125 mg, 65%) as a white solid. 11’
NMR. (500 MHz, DMSO-ds): 8 8.43-8.32 (m, 1H), 8.08 (s, 2H), 7.93 (4, J = 7.5 Hz. 1H), 7.74 (4,
3=7.5 He, 13, 7.55 (d, I = 8.0 Mz, 1H), 7.41 (d, ] = 8.0 Hz, 1}), 6.74 (1, F = 5.0 Hz, 1H), 6 40-
626 (m, 2H), 4 52 (s, 1H}, 4.44 (s, 1H), 4.14-3 98 (i, 2H), 3.23-2.97 {m, 5H), 2.93-2.82 (m,
2HY 237 (4, F= 7.0 He, THD, 2310215 (m, 3H), 1.96-1.43 (m, F4FD, 135 (s, 9HD, 1.29-1.15 (m,
4H}, [M + H]" caled for C3sHssBrNsO11, 815.3192; found, 815.3184.
(115,248,285)-1-Azido-19-(4-bromobenzyl)-11-(4-((tert-butoxycarbonyl)amino)butyl)-
9,12,18,26-tetraoxo-3,6-dioxa-10,13,19,25,27-pentaazatriacontane-24,28,30-tricarboxylic
acid (11): To a stirred solution of 10 {473 mg, 0.058 mmol, 1.0 eq.} and Azido-PEG3-NHS ester
(20 mg. 0.058 mmol, 1.0 eq.) tn PMSO (100 pl)y was added DIPEA (80 pl., 0,464 mmol, 8.0
£q.} at room temperature. The reaction mixture was stirred for 2 b and concentrated 1o get the
crude which was loaded onto a 12g €14 cantridge (Silicycle, Canada). The product was purified
with a MeUN/water/TFA gradient (0/100/0.1 to 90/10/0.1}. After lyophilization, afforded
compound 11 {42 mg, 70%) as a white solid. ESI-MS: m/z calculated for C44H71BrNoO15 [M +
H]" 1044 4; found 1044.3.
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(145,278,315)-22-(4-Bromobenzyl)-14-(4-((tert-butoxycarbonyl)amino)butyl)-1-(4-(3-((3-
((4-((2-((S)-2-cyanopyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-
yl)oxy)propyl)amino)-3-oxopropyl)-1H-1,2,3-triazol-1-yl)-12,15,21,29-tetraoxo-3,6,9-trioxa-
13,16,22,28,30-pentaazatritriacontane-27,31,33-tricarboxylic acid (12): To a stirred solution
of FAP-Acetylenel (6 mg, 0.0129 mmol, 1.0 eq.) in ~BuOH:H20 (1:2, 300 ul.) was added
CuS04.5H20 (0.486 mg, 0.0019 mmol, 0.15 eq.) and sodium ascorbate (1.15 mg, 0.0058 mmol,
0.45 eq.). To the above reaction mixture was added solution of product 11 (13.5 mg, 0.0129
mmol, 1.0 eq.) in DMSO (10¢ 7J1) and stirred for overnight at room temperature. Reaction
mixture was concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle,
Canada). The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1).
After lyophilization, afforded compound 12 (16.7 myg, 86%} as a white solid. ESI-MS: m/z
calculated for CeoHosBrN14O19 [M + H]* 1505.6; found 1505.4.
{148,275.318)-22-{4-bremobenzyl - -(4-{3-({3-{ {44 C-({¥}-2-cyvanopyrroligdin- i -vi}-2-
axeethylcarbameoyvDguinolin-o-yhiosylpropyhaminop3-oxopropyl- 1 B- L2 3-iriazob- Lyl
12,15,21,29-tetraoxo-14-{4-{2-{4,7, i O-tris{carboxymethyl}-1,4,7, 16-tetraazacyclododecan-1-
vhacetamido}butyi}-3.6,%iriexa-13,16,22,28 30-pentaazatritrincontane-27,34,33~
tricarboxylic acid (SB-FAP-01): To the compound 12 (9 mg, 0.0059 mmal) was added 1 mL of
TEA/CHRCh (111 at room temperature snd mixture was stirred for 2 h. Regetion mixture was
concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada).
The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After
lyophilization, afforded free amine in quantitative yield To a stirred solution of amine (3 8 mg,
0.0027 mmaol, 1.0 eq.) and DOTA-NHN-ester {(3.08 mg, ¢.004 mmoi, 1.5 eq.} in DMSG (56 ul)
was added DIPEA (4.7 ul, 0.027 mumnol, 10.0 eq.) at room termperature. The reaction mixiure
was stirved for 2 h and crude was purified by preparative RF-HPLC chromatography using 0.1%
TFA in H2G and 0.1% TFA in acetoniirile as eluents followed by lvophilization afforded
compound SB-FAP-01 (3.3 mg, 69%) as a white solid. [RP-HPLC purification was achieved
using Agilent Systeny, A 254 mim, 250 rom x 10 mm Phenomenex Luna CI8 column, solvent
gradient: 30% H20 (0.1% TFA) and 10% ACN (0.1% TFA}, reaching 90% of ACN in 25 min at
a flow rate of 3 mL/min, product eluted at 13.8 min], HRMS (ESD w/z: [M + HJ caled for
Ceol11:BrNws024, 17887456, found, 1785 7442,

1.2 Binding affinitv (Ki) of SB-FAP-¢1
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Binding affinity (K1) of SB-FAP-#1 is provided in Table 2.

Table 2. Binding Affinity (Ki) for SB-FAP-01
FAP Binding | PSMA Binding
affinity affinity
Ki (nM) 0.36 16.63
Ki (95% CI, nM) 025-0.51 730-3790
EXAMPLE 2

Homobivalent FAP Ligands

In some embodiments, homobivalent FAP ligands can be prepared via the following

scheme:
N3
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EXAMPLE 3
Heterobivalent FAP Ligands

In other embodiments, the heterobivalent FAP ligand comprises a FAP-albumin

heterobivalent compound having the following structure:
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EXAMPLE 4
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Heterobivalent Theranostics Targeting FAP and PSMA

4.1 Overview

In some embodiments, the presently disclosed subject matter provides a theranostic
radiopharmaceutical that engages two key cell surface proteases, fibroblast activation protein
alpha (FAP) and prostate-specific membrane antigen (PSMA), each frequently overexpressed
within the tumor microenvironment (TME). The latter also is expressed in most prostate tumor
epithelium. To engage a broader spectrum of cancers for imaging and therapy, small-molecule
FAP and PSMA-targeting moieties were conjugated using an optimized linker to provide **Cu-
labeled compounds.

Representative compounds FP-L1 and FP-L2 were synthesized using two linker
constructs attaching the FAP and PSMA-binding pharmacophores. /r vitro inhibition constants
(Ki) for FAP and PSMA were determined. Cell uptake assays and flow cytometry were
conducted in human glioma (U87), melanoma (SK-MEL-24), and prostate cancer (PSMA+ PC3
PIP and PSMA- PC3 flu) and clear cell renal cell carcinoma lines (PSMA+/PSMA- 786-0).
Quantitative positron emission tomography/computed tomography (PET/CT) and tissue
biodistribution studies were performed using U87, SK-MEL-24, PSMA+ PC3 PIP, and PSMA+
786-0 experimental xenograft models and the KPC genetically engineered mouse model of
pancreatic cancer.

84Cu-FP-L1 and -L2 were produced in high radiochemical yield and molar activity. Ki
values were in the nanomolar range for both FAP and PSMA. PET imaging and biodistribution
studies revealed high and specific targeting of *Cu-FP-L1 and **Cu-FP-L2 for FAP and PSMA.
84Cu-FP-L1 displayed more favorable pharmacokinetics than #*Cu-FP-L2. #*Cu-FP-L1
demonstrated similar tumor uptake to $*Cu-FAPI-04 in the U87 model at 2 h. %*Cu-FP-L1
showed high tumor uptake and retention at >10% injected dose per gram of tissue from 1 to 24 h
post-injection in PSMA+ PC3 PIP tumor.

In sum, %Cu-FP-L1 demonstrated high and specific tumor targeting of FAP and PSMA.
This compound should enable imaging of lesions expressing FAP, PSMA, or both on the tumor
cell surface or within the TME. FP-L1 can readily be converted into a theranostic agent for the
management of heterogeneous tumors.

4.2 Background
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Theranostic radiopharmaceuticals are used to treat patients with metastatic cancer with
high efficacy and low toxicity. Herrmann et al., 2020; Siva et al., 2020; Imlimthan et al., 2021,
Uijen et al , 2021. During the past decade, the development of radiopharmaceuticals has focused
on targeting cell surface receptors that are selective for specific biological targets, one target at a
time. That “one-molecule, one receptor” strategy has provided considerable achievements. One
successful low-molecular-weight radiotheranostic agent, ®*Ga-/'"’Lu-DOTATATE, has received
regulatory approval to treat somatostatin receptor-positive gastroenteropancreatic
neuroendocrine tumors. Additionally, several promising agents, including prostate-specific
membrane antigen (PSMA)-based theranostic radiopharmaceuticals, are in the pipeline.
Herrmann et al., 2020.

Due to heterogeneity and the ability of many cancers to develop resistance rapidly, such
highly selective agents, however, might provide only temporary relief. Targeting appropriate
cells in the tumor microenvironment (TME), differentially expressed on the tumor cells,
vasculature, and tumor stroma, may complement direct tumor targeting to enhance efficacy,
particularly if done concurrently. Bejarano et al., 2021. Without wishing to be bound to any one
particular theory, it was thought that a heterobivalent agent targeting fibroblast activation protein
alpha (FAP) and PSMA, as both are abundantly expressed within the TME, and the latter on
prostate tumor cells, may enhance cancer detection and therapy. FAP is expressed on cancer-
associated fibroblasts (CAFs), Garin-Chesa et al., 1990, while PSMA is expressed on most
prostate cancers and in most solid tumor neovasculature. Chang et al., 1999; Wernicke et al.,
2017, Spatz et al., 2018. Both FAP and PSMA are known to be present during disease
progression in many aggressive cancers and demonstrate increased expression in aggressive and
metastatic disease. Cohen et al., 2008; Busek et al., 2016; Lopez et al., 2016; Solano-Iturri et al.,
2020a; Solano-Iturri et al., 2020b; Hofman et al., 2021.

PSMA-based radiotheranostics have proved beneficial compared to the standard-of-care
in metastatic castration-resistant prostate cancer (nCRPC). Hofman et al , 2021; Hofman et al .,
2020. Patients with mCRPC have lesions with heterogeneous and, in some cases, no expression
of PSMA. Paschalis et al., 2019. Lesions that are PSMA-negative, e.g., neuroendocrine prostate
cancer (NEPC), may represent particularly aggressive, often metabolically active, disease. That
fact has been used to select patients for PSMA-directed therapy, by avoiding its use in patients
with high uptake of 18F-fluordeoxyglucose (FDG) in their tumors. Paschalis et al., 2019.
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Recent immunohistochemistry (IHC) studies further begin to reveal that FAP expression
is a characteristic of mCRPC regardless of genetic subtype, treatment regimen, or location of
metastasis. Hintz et al., 2020; Kesch et al., 2021. Recent studies also have shown that FAP-
based PET imaging is more sensitive for detecting PSMA -negative metastatic lesions than FDG
PET/CT. Isik etal., 2021; Kessel et al., 2021. FAP-based PET imaging has emerged as a new
diagnostic tool in a variety of malignancies. Kratochwil et al., 2019; Mona et al., 2021. FAP is
an integral membrane protease overexpressed on CAFs in >90% of human epithelial tumors.
Kalluri, 2016. Tt also is an independent negative prognostic factor for several malignancies,
Fitzgerald and Weiner, 2020, and exists on the cell surface and in a soluble, circulating form in
the blood in mice and humans. Keane et al., 2014. CAFs have an important role in producing
cytokines, chemokines, metabolites, enzymes, and extracellular matrix molecules that fuel the
growth of cancer cells. Kalluri, 2016. Like PSMA, FAP allows selective targeting of a variety of
tumors employing high-affinity inhibitors, Brennen et al., 2012, including the promising clinical
agents %Ga-FAPI-04 and 5®Ga-FAPI-46 (FIG. 9). Loktev et al., 2019. Like FAP, PSMA also is a
protease known as glutamate carboxypeptidase I (GCP II) and increases endothelial cell
invasion and angiogenesis in most aggressive solid tumors. Conway et al., 2013,

Copper-64 [half-life (ti2) = 12.7 hours; p+: 17.4%, EB+ (mean) = 278 keV] has a unique
decay profile and is mainly used for PET imaging, while ’Cu [ti2 = 61.9 h, B- = 100%, Ep-
(mean) = 141 keV] is a promising radioisotope for therapy. Copper-64 is an attractive alternative
to short-lived radioisotopes for PET imaging of antibodies, peptides, and small molecules. Ling
et al,, 2019. The recent regulatory approval of *Cu-DOTATATE (LUTATHERA®) has triggered
the development of **Cu-labeled compounds for several molecularly targeted radiotheranostic
applications. Ling etal., 2019.

Without wishing to be bound to any one particular theory, it was thought that that
heterobivalent compounds using two clinically tested, high-aftinity FAP and PSMA-based
targeting moieties would bind and enable imaging and therapy of a variety of cancers and cancer
subtypes within a given malignancy, such as PSMA+ mCRPC and PSMANEPC. Such
compounds also could enhance the retention of PSMA-based radiotheranostics in solid
malignancies with PSMA+ neovasculature and FAP+ tumor cells or CAFs, for example,

glioblastoma. Uijen etal., 2021; Busek et al., 2016; Rohrich et al., 2019, In the first step to test
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this hypothesis, an optimized heterobivalent compound with two distinctly binding
pharmacophores targeting FAP and PSMA was developed.

Previously optimized small-molecule FAP targeting moiety, Jansen et al., 2014; Slania et
al., 2021, and PSMA targeting platform were used to generate high-aftinity heterobivalent
compounds. Shallal et al., 2014. The compounds were labeled with **Cu and were evaluated in
preclinical imaging studies in relevant human xenografts and in the KPC genetically engineered
mouse model (GEMM) of pancreatic ductal adenocarcinoma (PDAC).

4.3 Materials and Methods
4.3.1 Reagents, cell lines, and animal models

Six cell lines for in vitro and in vivo evaluation were used: U87 (glioblastoma), SK-MEL-
24 (melanoma), PSMA+ PC3 PIP, and PSMAPCS3 flu (prostate carcinoma), PSMA+ 786-0,
PSMA-786-0 (renal cell carcinoma). Six- to 8-wk old male, nonobese diabetic/shi-scid/IL-
2ry(null) (NSG) mice (Johns Hopkins Animal Resources Core) were implanted subcutaneously
with the indicated cell lines.

4.3.2 Invitro assays
4.3.2.1 Competitive inhibition assays

PSMA binding affinities of the compounds were determined using a competitive
inhibition assay as previously reported. Banerjee et al., 2011. FAP, prolyl endopeptidase
(PREP), and dipeptidyl dipeptidase 4 (DPPIV) inhibition assays: Recombinant enzymes (FAP,
PREP, DPPIV) were purchased from R&D Systems (Minneapolis, MN). FAPI-04 was used as a
positive control. Z-Gly-Pro-AMC was used as a substrate for FAP and PREP. H-Gly-Pro-AMC
was used as a substrate for DPPIV. The recombinant enzyme (0.4 pg/mL) was incubated with
varying amounts of the test articles in the presence of the designated substrate (80 uM) for 10
min at room temperature. Fluorescence intensity was measured with 380 nm excitation and 460
nm emission using the Cytation 5 Cell Imaging Multi-Mode Reader (BioTek, Winooski, VT).
IC50 and Ki values were obtained using a sigmoidal dose-response function. Cheng and Prusoff,
1973.
4.3.2.2 Cell uptake, flow cytometry, and IHC

Cell uptake assays, flow cytometry, and IHC were performed as described previously.
Banerjee et al , 2019; Nimmagadda et al , 2018. PET imaging and biodistribution Sequential

PET imaging and biodistribution studies were conducted to quantify and validate PET imaging
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data. Briefly, tumor-bearing mice were administrated approximately 7.4 MBq of radiotracer in
150 pL saline via tail-vein injection. They were randomized into the indicated groups of 3-4
mice before radiotracer injection.

In Experiment 1, bilateral xenografts of U87 (right flank) and PSMA+ PC3 PIP (left
flank) tumors were established in male NSG mice (n=3), which underwent imaging followed by
biodistribution over 24 h. To demonstrate FAP or PSMA binding specificity, blocking studies
were performed by co-injection of FAPI-04 (for FAP), Loktev et al., 2019, or ZJ43 (for PSMA),
Olszewski et al., 2004, using a separate cohort of U87 and PSMA~+ PC3 PIP bilateral xenografts
(n=3-4). A biodistribution study was further conducted with U87 tumors at 2 h post-injection
(n=3) to compare the tissue distribution properties of **Cu-FP-L1 and ¢*Cu-FAPI-04.

In Experiment 2, SK-MEL-24 tumor-bearing mice (n=3-4) were investigated.

In Experiment 3, PET studies were done using a GEMM, [6-mo old, male, LSL-
KrasG12D; LSL-Trp53R173H; Pdx1-Cre (KPC) triple mutant], He et al., 2020, at 1 and 2 h
post-injection. PET studies were concurrently done using an age-matched littermate (female). At
48 h, mice were injected with a near-infrared fluorescent (NIRF) compound, IRDye800-FP-L1,
containing the same construct as FP-L1 for FAP and PSMA targeting, with the 1,4,7-
triazacyclononane-1,4,7-triacetic acid (NOTA) chelating agent replaced with IRDye800CW
(LICOR, Lincoln, NE). Mice were then sacrificed at 2 h, and an ex vivo optical imaging study
was performed. A veterinary pathologist (Dr. Brayton) performed the histopathological
evaluations.

Experiment 4 consisted of preliminary imaging (7.4 MBq) (n=2) and biodistribution
studies (0.74 MBq) at 2 h in male NSG healthy mice (n=3) and tumor-bearing human clear cell
renal cell carcinoma (¢ccRCC) PSMA+ 786-0 tumors (n=4).

4.3.3 Stafistical analysis

Statistical significance was calculated using an unpaired two-tailed t-test using GraphPad
Prism 9.0 software. Data were expressed as the mean + standard deviation (£SD). Statistical
significance is defined at P < 0.05.

4.4 Results
4.4.1 Chemical and radiochemical syntheses

Structures of compounds FP-L1 and FP-L2 are shown in FIG. 9. Click chemistry was

used to conjugate the FAP and PSMA targeting moieties with the selected linker. Radiolabeling
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employed a rapid microwave-assisted method to generate **Cu-FP-L1 in nearly quantitative
yield. High-performance liquid chromatography (HPLC) was used to remove unreacted ligand to
ensure high specific radioactivity (>19 MBg/nmol). ¢*Cu-FP-L1 was stable for at least 4 h in
PBS and bovine serum albumin at 37°C.
4.4.2 Invitro characterization
4.4.2.1 Inhibitory capacities

FP-L1 and FP-L2 displayed high binding affinity for FAP (Table 2, FIG. 17), comparable
to that of FAPI-04, studied in the same assay as the reference compound. The PSMA binding
affinity of FP-L1 bearing a polyethylene glycol (PEG) linker was 2-fold lower than that of FP-
L2, which bears a pentamethylene linker. These values are lower than ZJ43, Olszewski et al.,

2004, a known PSMA binding compound used as a standard for the assay.

Table 2. Inhibition constant (Ki) of the agents for FAP, DPPIV, PREP and PSMA.
Compound MW DPPIV | PREP | FAP | PSMA
name (g/mol) Ki Ki Ki Ki
@) | @ | @) | (M)
FP-L1 1690.71 | 1.76 115.7 0.31 18.10
FP-L2 1502.49 | 3.04 0.21 0.13 7.92
IRDye800-FP-L1 2391.56 | 0.99 0.25 0.75 533
73-43 (standard for PSMA) 304.3 ND ND ND 1.28
FAPI-04 (standard for FAP) 87293 |0.8 8.8 0.8 ND

4.4.2.2 Cell uptake

84Cu-FP-L1 showed the highest uptake in FAP+ U87 and SK-MEL-24 cells compared to
PSMA+ PIP and PSMA- PC3 flu and 786 PSMA+/PSMA- cells (FIG. 10A). Blocking studies
revealed a significant (P<0.001) lowering of uptake upon co-incubation with FAPI-04 (FAP
blockade) or ZJ43 (PSMA blockade), indicating binding specificity of the compounds. Cell
uptake was proportional to the surface expression of the target proteins of the studied cell lines as
revealed by the flow cytometry (FIG. 10B).
4.4.3 Invivo characterization
4.4.3.1 Biodistribution and PET imaging (Experiment 1)

$4Cu-FP-L1 was evaluated in a mouse xenograft model bearing both PSMA+ human

prostate cancer PC3 PIP and FAP+ U87 tumor in left and right upper flanks, respectively (FIG.
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11A, FIG. 11B). Biodistribution data (FIG. 11C) revealed that tumor uptake was high (16.96 +
5.01 %ID/g at 2 h, 19.05 + 5.89 %ID/g at 4 h, and 4.31 £ 0.75 %ID/g at 24 h) in the FAP+ U87
tumor. Also, uptake in PSMA+ PC3 PIP tumor remained high, 12.06 = 0.78 %ID/g at 2 h, 18.89
+3.95 %ID/g at 4 h and 10.51 + 1.82 %ID/g at 24 h. Compared to a previously reported FAP-
based compound, !'In-QCP02, Slania et al., 2021, tumor uptake and retention of **Cu-FP-L1
was higher after 2 h post-injection, while the non-specific healthy tissue clearance was similar.
Blocking studies to determine binding specificity (FIG. 11E) using FAPT-04 (500 nmol/kg)
showed a significant decrease in uptake in U87 tumor (2.47 = 0.82 %ID/g) and increased uptake
in PSMA+ PC3 PIP tumors (18.56 + 2.02 %ID/g) at 2 h. A significant decrease in activity was
observed in healthy tissues, specifically in blood, salivary and lacrimal glands. Relatively high
bone uptake (>1 %ID/g) could be related to the initial high blood and marrow uptake of ®*Cu-FP-
L1. In contrast, PSMA blocking using ZJ43 (500 nmol/kg) caused significantly lower uptake in
PSMA+ PIP tumor (7.48 + 0.5 %ID/g) indicating PSMA specificity of the agent. Specificity was
further supported by >2-fold lower kidney uptake (2.97 + 0.23 %ID/g) compared to unblocked
agent (8.03 + 0.89 %ID/g), a known endogenous PSMA-expressing site. Silver et al., 1997.

This model (FAP+ U87 and PSMA+ PC3 PIP) was evaluated using **Cu-FP-L2, the
agent, however, displayed significantly higher kidney uptake than 5*Cu-FP-L1 (FIG. 19) and
relatively lower tumor uptake and was not studied further. A biodistribution study using **Cu-
FP-L1 also was performed using small tumors (approximately 51.9 + 16.5 mm?®) at 2 h post-
injection and was compared with $*Cu-FAPI-04. Tumor uptake was comparable, 10.84 + 1.02
%ID/g for **Cu-FP-L1 and 9.53 = 2.55 %ID/g for *Cu-FAPI-04 (FIG. 11F). Non-specific uptake
in kidney was high for **Cu-FP-L1 while high salivary gland uptake was observed for #*Cu-
FAPI-04. THC studies validated high FAP expression and no/low PSMA expression in U87
tumor and relatively lower FAP and high PSMA expression in PSMA+ PC3 PIP tumors (FIG.
11G). Imaging and biodistribution in the SK-MEL-24 human melanoma model (Experiment 2).
4Cu-FPL1 was evaluated in FAP+ SK-MEL-24 tumor xenografts (n=4, FIGS. 4A-4E). Intense
tumor accumulation was found at 15 min post-injection, while activity cleared over the next 2 h.
At 2 h, the tumor uptake was 9.66 £+ 1.14 %ID/g. Among healthy tissues, kidney (9.71 + 2.48
%ID/g), liver (3.54 = 0.46 %ID/g), salivary glands (3.77 = 0.35 %ID/g) and bone (2.91 £ 0.59
%I1D/g) displayed relatively high uptake. No detectable tumor accumulation was found at 24 h
post-injection. Uptake of the other healthy tissues was in the range of that of blood (1.51 £ 0.15
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%ID/g). Receptor blocking studies were performed using FAPI-04 and ZJ43, and dual blockade
using FP-L 1 (autoblockade) (FIG. 12C). Blocking studies were monitored by PET and showed
significantly lower tumor uptake for the FAP blockade and dual FAP and PSMA blockade
compared to PSMA blockade. PSMA blockade was revealed by the lowering of signal intensity
in the kidneys, a known PSMA-expressing tissue. Although, SK-MEL-24 expresses medium-low
PSMA, it was previously shown that PSMA levels in these cells were approximately 10-fold
lower compared to PSMA+ PC3 PIP tumor, Nimmagadda et al., 2018, however, the studied
cohort of tumors displayed low PSMA expression as revealed in THC studies (FIG. 12F).

4.4.3.2 Imaging in a GEMM of pancreatic cancer (FExperiment 3)

Imaging of ¥ Cu-FP-L1 was performed in immunocompetent KPC mice (FIG. 13).
Pancreatic ductal carcinoma (PDAC) progression in KPC mice recapitulates human PDAC. He
et al., 2020. PET demonstrated higher uptake in the abdominal area in the KPC mice than the
healthy mouse at 2 h post-injection (FIG. 13B). For confirmation of radiotracer distribution, mice
were injected with the corresponding NIRF imaging agent, IRDye800-FP-L1 (5 nmol) (FIG. 20),
bearing the same heterobivalent construct as FP-L1, followed by NIRF imaging of dissected
organs at 2 h. As shown in FIG. 13C, IRDye800-FP-L1 accumulated specifically within the
pancreas of the KPC mouse, demonstrating a clear margin between it and the healthy spleen. In
contrast, the pancreas of the control mouse displayed minimal uptake. Both mice showed high
uptake in kidneys, due to renal clearance. Histopathologic evaluation further confirmed the
presence of PDAC lesions. PDAC lesions were <2 mm and associated with high FAP expression
as confirmed by IHC (FIG. 13D). IHC data also revealed moderate PSMA expression within the
TME (FIG. 13D). Lung metastases (<1 mm) also were observed, suggesting the high sensitivity
of radiotracer (histology, FIG. 21). **Cu-FP-L1 and IRDye800-FP-L1 can delineate pancreatic
tumor and metastases in the KPC model of PDAC through PET and NIRF imaging, respectively.
4.4.3.3 Imaging in a PSMA+ 786-O of ccRCC (Experiment 4)

FAP expression is associated with tumor aggressiveness and poor survival in ¢cRCC.
Lopezetal., 2016. Lower levels of soluble FAP in the plasma of patients with ccRCC compared
to healthy controls predicts tumor progression. Solano-Tturri et al., 2020. To test these clinical
events, a PSMA+ 786-0O tumor model that retains the ccRCC phenotype was recently developed.
This model displayed lower FAP expression compared to U87 and SK-MEL-24, and lower
PSMA expression than PSMA+ PC3 PIP tumors as revealed by flow cytometry (FIG. 10B). A
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head-to-head biodistribution performed in PSMA+ 786-0O xenograft-bearing NSG mice and
healthy NSG mice using **Cu-FP-L1 demonstrated high renal uptake compared to healthy mice
(FIG. 14B). High tumor uptake also was noted in PET imaging and biodistribution studies (11.97
+ 1.63 %ID/g) at 2 h. IHC revealed high PSMA and FAP expression within the tumor sections as
(FIG. 14C).

4.5 Discussion

One goal of the presently disclosed subject matter was to develop a dual-targeting
radioligand capable of detecting a wider range of cancers than possible with current agents.
Because of the medical importance of FAP and PSMA as cancer biomarkers, and their
expression in many cancers, these two cell surface proteins were selected to be targeted with the
same compound. Also of interest was having one versatile agent that might enable detection and
treatment of a wide range of prostate cancers, from castration sensitive, through mCRPC
including NEPC, the latter of which does not express PSMA, but has proved detectable by *®*Ga-
FAPI-04. Kesch et al., 2021. One agent would likely have more uniform dosimetry and
pharmacokinetics compared to administration of a cocktail including radioactive FAP and PSMA
targeting compounds, and, by extension, might be easier to translate clinically. Note that it is not
necessarily expected or intended for these heterobivalent compounds to bind both FAP and
PSMA simultaneously. FAP and PSMA are on different cells and tissues within the TME or, in
the case of PSMA and prostate cancer, within the tumor epithelium.

Reprogramming the TME by targeting specific, contributory cells, e.g., CAFs,
macrophages or T cell subtypes, is a new and promising approach to treating cancer and
overcoming resistance. A dual-targeting approach has the advantage of managing two
biologically disparate targets and could lead to synergy. In certain cancers it may be beneficial to
engage both the associated CAFs, as well as the neovasculature with a therapeutic
radiopharmaceutical. One such example is clear cell renal cell carcinoma (ccRCC), where FAP
expression has been correlated with more aggressive and metastatic disease, as the cancer cells
undergo epithelial to mesenchymal transition. Errarte et al., 2016. It has been shown that ccRCC
can be imaged to good advantage with a PSMA-targeted PET agent, Meyer et al., 2019, by virtue
of the chimeric neovasculature of ¢ccRCC, Delgado-Bellido et al., 2017; Zhou et al., 2016, in
which the tumor vessels are comprised of both endothelial and cancer cells. Antivascular agents

are used to treat ccRCC, more recently in combination with immune checkpoint inhibitors, Rini
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et al., 2019, suggesting that targeting the neovasculature — with a radiotheranostic — may enable
tumor growth control. Other such cancers, which express FAP and PSMA highly, Slania et al ,
2021; Nimmagadda et al., 2018; Puré and Blomberg, 2018, and for which a dual-targeting
approach may prove helpful, include melanoma, breast, glioma, lung, ovary, upper aerodigestive
cancers, and pancreas, the last as demonstrated in the KPC mouse (FIG. 13). The KPC mouse
was selected because pancreatic cancer is known to express both FAP and PSMA, Stock et al,,
2017, 2017, Pereira et al., 2019; Poels et al., 2021; Krishnaraju et al., 2021, and is notoriously
difficult to image. A dual-targeting approach also provides a default mechanism if one of the
targets is pharmacokinetically inaccessible in a particular lesion or is expressed at different
stages of disease from the other. Examples of that strategy include heterobivalent, bispecific
antibodies that have received regulatory approval for treating certain cancers, Sheridan, 2015
heterobivalent immunoligands also have demonstrated enhanced tumor uptake and retention for
PET. Luo et al., 2015. The presently disclosed subject matter also adopted a heterobivalent
approach, however, focusing on small-molecule targeting moieties. It was previously shown that
such a strategy was possible by targeting PSMA and integrin avp3 to provide synergy in
targeting tumor neovasculature. Shallal et al., 2014. Others have similarly attempted dual
targeting of PSMA and other cell surface proteins, most notably gastrin-releasing peptide
receptor (GRPR). Bandari et al., 2021; Eder et al., 2014.

The presently disclosed subject matter, in some embodiments, provides two orthogonal
targets, one on CAFs (FAP) and the other on neovasculature (PSMA), to provide synergy, but in
addition, to enable target engagement by a theranostic agent in the instance that one target is
absent from the lesion. To test the ability of “*Cu-FP-L1 to engage FAP and PSMA in the same
administration tumor cell lines were sought in which both targets are known to be expressed at
least moderately, such as SK-MEL-24. Nimmagadda et al ., 2018.

Synergistic uptake, however, was not observed, namely, from the engagement of both
FAP and PSMA, of ®*Cu-FP-L1 in that cell line (FIG. 10) or with in vivo targeting (FIG. 12) and
was consistent with the THC data showing low PSMA from the studied cohort of tumors.
Notably, in vivo tumor targeting of ®Cu-FP-L1 in PC3 PIP tumor was significantly higher than
reported in PSMA -based heterobivalent compounds. Bandari et al., 2021. Biodistribution data of
#4Cu-FAPI-04 from the presently disclosed method demonstrated similar in vivo properties as the

reported data. Watabe et al., 2020. Tt also should be noted that higher tumor uptake (%ID/g) was
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associated with tumor volumes >200 mm?® relative to tumors with volumes <100 mm? in the U87
model. Without wishing to be bound to any one particular theory, it is thought that large tumors
likely provided additional stromal or desmoplastic tissue uptake within the TME.

These studies suggest that *Cu-FP-L1 can detect both FAP+ and PSMA+ tumors in vivo
with minimal non-specific tissue accumulation. In addition to detecting FAP and PSMA in the
TME in a variety of solid tumors, “*Cu-FP-L1 or suitable analogs may enable imaging of the
spectrum of prostate cancer subtypes including those that no longer express PSMA. Isik et al ,
2021.Although more lesions will be detected, a limitation of this approach is that it will not be
known if the lesion is detected by virtue of FAP or by PSMA expression (or both), which would
require tissue sampling for definitive characterization. This limitation is thought to be offset by
the increased sensitivity. An agent similar to *Cu-FP-L1 could be used to obtain a fuller picture
of lesions present in a patient being staged for prostate cancer, or to follow a patient undergoing
PSMA-specific radiopharmaceutical therapy to understand why they may be failing to respond,
for example, through localization of appearing neurcendocrine-differentiated lesions. The
corresponding radiotherapeutic, 67Cu-FP-L1, might enable treatment of both PSMA+ and NEPC
cancer concurrently.

4.6 Summary

The presently disclosed data show that *Cu-FP-L1 can target both PSMA and FAP
expression in the same iz vivo experiment. By targeting two prevalent targets, one (FAP) touted
as a pan-cancer marker, Cu-FP-L1 has the potential to detect more than one type of cell on the
tumor cell surface or in the TME, and the corresponding therapeutic may address the issue of

resistance due to tumor heterogeneity.

EXAMPLE 5

Imaging Agents and Radiotherapeutics Targeting

Fibroblast-Activation Protein-a (FAP-a)

3.1 Overview

Fibroblast-activation protein-o (FAP-o) expression has been detected on the surface of
fibroblasts in the stroma surrounding >90% of the epithelial cancers (malignant breast,
colorectal, skin, prostate, pancreatic cancers, and the like) and inflammation diseases (arthritis,

fibrosis, and the like) with nearly no expression in healthy tissues. Imaging and radiotherapeutic
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agent specifically targeting FAP-o is of clinical importance. Since FAP shares a close similarity
in the sequence and catalytic region with dipeptidyl peptidase IV (DPPIV) and propyl
endopeptidase (PREP), most inhibitors of FAP also bind to DPPIV and PREP. Here, potent and
selective low-molecular-weight (LMW) inhibitors of FAP-a with a targeting moiety feasible for
modification with radiolabeling groups and optical groups were developed. These compounds
enable i vivo nuclear imaging (such as PET and SPECT), optical imaging and radiotherapy
targeting FAP-«. The presently disclosed targeting moiety can be adapted for other optical dyes
and radioisotopes for imaging and therapeutic applications targeting FAP-a.

In part, the presently disclosed subject matter demonstrates that: (1) radiolabeled
isotopes with sufficient half-lives conjugated to a low molecular weight (LMW) FAP-q selective
inhibitor allows for successtul i vivo and ex vivo imaging; (2) the presently disclosed
compounds can be modified with labeling groups without significantly losing potency, allowing
for labeling with optical dyes, PET and SPECT isotopes, including but not limited to '*F, *®Ga,
84y, ¥y, MY, ¥Zr, Un, *0T¢, 121, 1241 1'C, "*BR for FAP-o related imaging applications; (3)
the presently disclosed compounds additionally allow for radiclabeling with radiotherapeutic
isotopes, including but not limited to *°Y, '""Lu, '°I, T, 2!'At, '"'In, '3Sm, %Re, '**Re, ¢’Cu,
22pp 223 A¢, 2Bi, 212Bi, 212Pb, ¢’Ga, "'Br, *!Tb for FAP-o, related radio-therapy; and (4) the
presently disclosed compounds exhibited specific binding to FAP positive cell lines over closely
related peptidases DPPIV and PREP.

5.2 Background
5.2.1 Fibroblast-activation protein-o (I'AP-o)

FAP-a expression has been linked to the tumor microenvironment and has been detected on the
surface of stromal fibroblasts surrounding greater than 90% of epithelial-derived cancers and
their metastases. Garin-Chesa et al., 1990; Rettig et al , 1993; Tuxhorn et al., 2002; Scanlan et
al.,, 1994. FAP-a plays a critical role in promoting angiogenesis, proliferation, invasion, and
inhibition of tumor cell death. Allinen et al., 2004; Franco et al., 2010. In healthy adult tissues,
FAP-g expression is only limited to areas of tissue remodeling or wound healing. Scanlan et al.,
1994; Yu et al., 2010; Bae et al., 2008; Kraman et al., 2010.

FAP expression is extremely difficult to detect in non-diseased adult organs, but is

greatly upregulated in sites of tissue remodeling, which include lung or liver fibrosis, arthritis
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and tumors. Scanlan et al., 1994; Yu et al., 2010. These characteristics make FAP-a a good
imaging and radiotherapeutic target for cancer and inflammation diseases.
5.2.2 Significance for FAP-o imaging with low-molecular-weight (LMW) agents.

FAP-a is expressed in tumor stroma, anti-FAP antibodies have been studied for
radioimmunotargeting of malignancies, including murine F19, sibrotuzumab (a humanized
version of the F19 antibody), ESC11, ESC14, among others. Welt et al., 1994; Scott et al., 2003;
Fischer et al, 2012. Antibodies also demonstrated the feasibility to imaging inflammation, such
as rheumatoid arthritis. Laverman et al., 2015. Antibodies as molecular imaging agents,
however, suffer from pharmacokinetic limitations, including slow blood and non-target tissue
clearance (normally 2-5 days or longer) and non-specific organ uptake. LMW agents
demonstrate faster pharmacokinetics and higher specific signal within clinically convenient times
after administration. They also can be synthesized in radiolabeled form more easily and may
offer a shorter path to regulatory approval. Coenen et al., 2010; Cho et al., 2012; Reilly et al ,
2015.

FAP-a is a type II transmembrane serine protease of the prolyl oligopeptidase family,
which are distinguished by their ability to cleave the post-proline peptide bond. It has been
shown to play a role in cancer by modifying bioactive signaling peptides through this enzymatic
activity. Kelly, 2005; Edosada et al., 2006. FAP-a exists as a homodimer to carry out its
enzymatic function. Inhibitors selectively targeting FAP-o have been reported. Lo et al,, 2009;
Tsai et al., 2010; Ryabtsova et al., 2012; Poplawski et al., 2013; Jansen et al., 2013; Jansen et al
2014. DPPIV is FAP’s closest homolog with over 50% sequence similarity and over 70%
similarity in the catalytic region. Juillerat-Jeanneret et al., 2017. Prolyl endopeptidase (PREP) is
phylogenetically related to FAP and, similar to FAP, cleaves the post-proline peptide bond of its
substrates. Jambunathan et al., 2012. Therefore, it is essential to establish the specificity of the
imaging compounds for FAP over DPPIV and PREP. The FAP-a. selective inhibitors could
potentially provide the solution for direct optical agents or radioisotope for FAP-a targeted
imaging and therapy.

The presently disclosed subject matter provides an FAP-a, selective targeting moiety
feasible to be modified with optical dye, radiometal chelation complex, and other radioisotope
prosthetic groups. It provides a platform for imaging and radiotherapy targeting FAP-a. In some

instances, linkers are chosen such that the FAP pharmacophore and labeled prosthetic group,
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e.g., a prosthetic group labeled with '®F, are separated with hydrophilic amino-acid based linkers.
The hydrophilic linkers decrease non-specific binding and improve pharmacokinetics of the
radiotracers

5.2.3 Significance for nuclear imaging and radiotherapy.

Radionuclide molecular imaging including PET is the most mature molecular imaging
technique without tissue penetration limitations. Due to its advantages of high sensitivity and
quantifiability, radionuclide molecular imaging plays an important role in clinical and preclinical
research. Youn and Hong, 2012; Chen et al ., 2014.

Many radionuclides, primarily - and alpha emitters, have been investigated for targeted
radioimmunotherapy and include both radiohalogens and radiometals (Table 1). The highly
potent and specific binding moiety targeting FAP-c enables its nuclear imaging and
radiotherapy. Herein, the first synthesis of nuclear imaging and radiotherapy agents based on this
dual-targeting moiety to FAP-o for nuclear imaging is described.

5.3 Experimental section

5.3.1 Synthesis of the ligands:

N Q‘CN
HZN\/go:5 O‘CN

N

O -OH H O -OH m H
. i kil A
A - = - A —_—
e HN~O A
N? Cs,CO3 3 N (2) TFA, CH.Cl, 1
1 DMF, 60 °C N7

I O‘CN

N

I H
OHC H DOTA-NHS N o)
(O/ o N A HooC™,/ \N?r g e S
0
S N

- - 0 —_— ¥
NaBH(QAC)CN  HN _~_ O N PrEtN, DMF [N it
DCE/MeOH °
Boke p wre Hooc—/ \—/ ) JHU1220627
5 N HooC

Scheme 1. Synthesis of JHU1220627.
6-(3-((fert-butoxycarbonyl)amine)propoxy)quinoline-4-carboxylic acid (2): To a stirred
solution of 6-Hydroxyquinoline-4-carboxylic acid (1) (300 mg, 1.586 mmol, 1 eq.) and cesium
carbonate (1.55 g, 4.758 mmol, 3 eq.) in S mL DMEF, fert-butyl (3-bromopropyl)carbamate (944
mg, 3.965 mmol, 2.5 eq.) was added and the mixture allowed to stir overnight at 60 C. The
reaction was cooled to room temperature and diluted with 2 mL acetonitrile and 5 mL water,
followed by addition of 600 pL of 12M NaOH. After stirring at room temperature for 30 min, the
reaction mixture was loaded onto a 30 g C18 cartridge (Biotage Sfar). The product was purified
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with a MeCN/water/TF A gradient (5/100/0.1 to 60/10/0.1). 312 mg of product 2 was obtained
with a yield of 90%. 'H-NMR (400 MHz, CDs0D): § 8.80 (d, /=32 Hz, 1H), 8.28 (s, 1H),
8.04-7.98 (comp, 2H), 7.51 (d, /= 7.2 Hz, 1H), 4.19 (t,J=7.6 Hz, 2H), 3.29-3.26 (comp, 2H),
2.04 (t,J= 7.6 Hz, 2H), 1.42 (s, 9H). ESI-MS: m/z calculated for CisH23N20s [M + H]" 347 4;
found 347.1.
(5)-6-(3-aminopropoxy)-NV-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)quinoline-4-carboxamide
(4): To a stirred solution of 2 {184 mg, 0.53 munol, 1.0 eqg ), 3 {122 mg, 0795 mmol, 1 5egyand
HATU (302 mg, 0.795 mmod, 1.5 eq.) tn DMF (3 mL} was added DIPEA (231 pl,, 1.325 mmol,
2.5 eq.y at room temperature. The reaction mixiure was stirred overnight at room temperature.
After removal of solvent under vacunm, 2 mb of TFA/CHL: (1.1} was added and stivred for 30
ming. Reaction mixture was concentrated and loaded onto a 30 g C18 cartridge (Biotage Sfar).
The product was purified with a MeCN/water/TF A gradient (5/100/0.1 to 60/10/0.1). After
lyophilization,120 mg of product 4 was obtained with a yield of 74%. NMR (400 MHz,
CDsOD): 68.93(d,J=4.0Hz, 1H), 8.17(d, /J=2.0 Hz, 1H), 8.10 (d, /=7.2 Hz, 1H), 7.81 (d, J
=4.0 Hz, 1H), 7.67 (dd, J = 7.6, 2.0 Hz, 1H), 4.84—4.78 (m, 1H), 4.47—4.38 (comp, 2H),
4.38-4.28 (comp, 2H), 3.86-3.78 (m, 1H), 3.70-3.62 (m, 1H), 3.24-3.18 (comp, 2H), 2.39-2.18
(comp, 6H). ESI-MS: m/z calculated for C20H24Ns03 [M + H]" 382 .4; found 382 .2.
(S)-NV-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)-6-(3-((4-
iodobenzyl)amino)propoxy)quinoline-4-carboxamide (5): 1o a solution of 4 (40 mg, 0.105
mmol, 1.0 ¢q.} and 4-1cdobenzaldehyde (27 mg, 0.11S mmol, 1.1 eg.}1n 2 mb 1,2~
dichloroethane/CHOH (1-1), sodiurn irjacetoxyborohydride (76 mg, 0314 mmol, 3 eq ) was
added and stirred at 60°C for 48 h. After cooling to reom temperature, the reaction mixture was
purified by silica gel flash chromatography eluting with 196 1o 15% CH:0H in CHaClhy 23 mg of
product 4 was obtained in 509 yield. NMR (400 MHz, CD3;0D): & 8.80—8.75 (m, 1H),
8.02-7.96 (m, 2H), 7.80 (d, /= 6.00 Hz, 2H), 7.58 (d, ./=3.60 Hz, 1H), 7.45 (dd, J=7.20, 1.6
Hz, 1H), 7.26 (d, /= 6.40 Hz, 2H), 4.81-4.75 (m, 1H), 4.40—4.34 (comp, 2H), 4.34-4.28 (comp,
2H), 4.15 (s, 2H), 3.86-3.77 (m, 1H), 3.70-3.61 (m, 1H), 3.28-3.21 (comp, 2H), 2.38-2.17
(comp, 6H). ESI-MS: m/z calculated for C27H28INsO3 [M + H|™ 598.5; found 598.1.

Compound JHU1220627: To a stirred solution of 5 (7.5 myg, {141 pmol, | 0eq.)and DOTA-
NHS-ester {104 mg, 13.69 pmol, 1.2 eq) in BDMF (250 1) was added DIPEA (20 pl, 228,13

umai, 20 eq. ) at room temperature. The reaction mixture was stisred at 70°C for 2 h and another
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1.2 eq. of DOTA-MNHS ester was added and stirred overnight. Solvent was then evaporated oft
and re-dissolved in acetonitrile/water (1:1) and pH adjusted to approximately 3 by addition of
TFA. The product was purified by preparative HPLC chromatography using Phenomenex

21 2mm x 250mm Luna, » 254 nm, {0um PREP Ci8{Z) column and isocratic eluent 30%%
Acetonitrile / 70% water / 0.1% TFA, at a flow rate of 10 ml/mmn. After lyophlizabion, 6.2 mg
of JHE1226627 was obtained as a white solid in 33% vield. ESI-MS: m/z calculated for
C43H55IN9O10 [M + H]* 984.9; found 984 3.

COOBu COO0'Bu
-~ -
& M - o M L B
NCN Mo ScooH MO N"ScooH i .
0, H\/A§ i H H N C
0 HATU, ProNEt HATU, PrNEt . /COOtBu o N\/&o
HaN_~_0 N DMF DMF
— ¢ — N/\,rN\/\/O
4 = (2) 20% Piperidine (2) 20% Piperidine .
N DMF DMF coorl® 7 N

N F
e -
HOOC CN

N
HATU, ProEtN

H
/COOH O, \/& o
DMF
N/\Ir N\/\/o
@ TFA/TIPS/HZO N/

COOH
JHU1221785

Scheme 2. Synthesis of JHU1221785.

Compound 7: To a stirring scolution of 4 (120 mg, 0.3146 mmol, 1 0 eq.), Fmoc-D-Asp(t-Bu)-
OH (388 mg, 69438 mmol, 3 eq.) and HATU (359 mg, 0.9438 mmal, 3 eq.) in BMF (3 ml),
DIPEA {219 uL, 12584 mmol, 4 ¢q ) was added and the miviure allowed to siir overnight at
room temperature. After evaporating oft the solvent, the rmixture was stirred n 20% piperidine in
DMY for 30 min. The reaction mixture was then diluted with EtOAc and washed with water (3x)
and brine. The combined organics was dried over anhydrous Na2SO4, filtered, concenirated and
dried under vacuum. The crude intermediate was then dissolved in 4 mb DMF, and Fmoc-D-
Asp{£-Bul-OH (388 mg, 0.9438 mmol, 3 eq.), HATU (359 mg, 0.9438 mmol, 3 eg.), DIPEA
(219 pl, 1 2584 mamol, 4 eq.} were added and stirred at room temperature for 24 h. Solvent was
then evaporated off and the mixture stirred in 20% piperidine in DMEF for 30 min. The reaction
mixture was then diluted with EiGAc and washed with water (3x) and brine. The combined
organics were dried over anhydrous Na:SQs, filtered. concentrated and purified by silica gel
flash chromatography, eluing with 196 to 10% CHsOH w CHaClz, 138 mg of product 7 was

obtained in 61% vield. ESI-MS: m/z calculated for C3sHsoN7Q9s [M + H]" 724.8; found 724 .4.
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Compound JHU122178S: T a stirring solution of 7 {25 mg, 34,54 pmol, 1.0eq}, 6
fluoronicitinic acid (14.6 mg, 103.62 ymol, 3 eq.) and HATU (394 mg, 103 62 ymol, 3 eq.} in
DME (1 mb), DIPEA (24 gL, 13515 umol, 4 eq.) was added and the mixture allowed to stir
overnight at room temperature. The reaction mixture was then diluted with EtOAc¢ and washed
with water {3x} and brine. The combined orgavics was dried over anhydrous Na280s, filiered
and concentrated. 2 mL of TFA/CH.CL (1:1) was added and stirred for 30 min. The mixture was
then concentrated and loaded onto a 12 g C18 cartridge (Biotage Sfar). The product was purified
with a MeCN/water/TF A gradient (5/100/0.1 to 50/10/0.1). After lyophilization, 10 mg of
JHU1221785 was obtained as a white solid in 40% yield. NMR (400 MHz, CD30D): §
9.00-8.95 (m, 1H), 8.62 (d, J = 13.2 Hz, 1H), 8.39-8.26 (m, 1H), 8.18-8.13 (m, 1H), 8.13-8.08
(m, 1H), 7.98-7.92 (m, 1H), 7.79-7.72 (m, 1H), 7.15-7.08 (m, 1H), 4.77-4.83 (m, 1H),
4.72-4.68 (m, 1H), 4.40 (s, 2H), 4.37-4.26 (comp, 2H), 3.86-3.77 (m, 1H), 3.70-3.60 (m, 1H),
3.50-3.41 (comp, 2H), 2.98-2.66 (comp, 5H), 2.37-2.26 (comp, 2H), 2.26—-2.17 (comp, 2H),
2.15-2.05 (comp, 2H). ESI-MS: m/z calculated for C3aH3sFNsO10 [M + H]" 735.7; found 735.3.

OsN COOCH Os N i = COCH Oa N
2NN | o ) _/ B \/go T / | H o :/ i \/&0
N Nf‘\NﬁrN\/\/o x Ny Nf‘\NﬁrN\/\/o N
9 COHOH ¢ N7 Kezan o COHOH g N7
Kryptofix[2.2.2]
DMSQ, 90 °C 18F-JHU1221785

Scheme 3. Synthesis of *F-JHU1221785.

Methyl (6-hydroxyquinoline-4-carbonyl)glycinate (8): 6-Hydroxyquinoline-4-carboxylic acid
(1) (200 mg, 1.05 mmol, 1.0 eq.), methyl glycinate HCI salt (200 mg, 1.58 mmol, 1.5 eq.) and
HATU (603 mg, 1.58 mmol, 1.5 eq.) were dissolved in 5 mL anhydrous DMF. To the solution,
DIPEA (0.46 mL, 2.64 mmol, 2.5 eq.) was added. The reaction was stirred at room temperature
for 6 h. After the solvent was removed under vacuum, the mixture was loaded onto a 25g C18
cartridge and the product was purified with a MeCN/water/TFA gradient (0/100/0.1 to
90/10/0.1). After lyophilization, the product 2 was obtained as a yellow powder with a yield of
76% (209 mg). 'H-NMR (400 MHz, CD30D): & 8.69 (s, 1H), 7.94 (d, J = 7.92 Hz, 1H),
7.57-7.51 (m, 3H), 7.42-7.37 (m, 1H), 4 21 (s, 2H), 3.81 (s, 3H). *C-NMR (100 MHz,
CDs3OD): §172.4,160.9, 145.1,143.7,129.7,129.4, 128.3, 121 8, 119.6, 112.4, 109.1, 56.8,
44 8. ESI-MS: m/z calculated for C13H13N204 [M + H]™ 261.3; found 261.0.

Methyl (6-(3-((fert-butoxycarbonyl)amino)propoxy)quinoline-4-carbonyl)glycinate (9):
Methy! (6-hydroxyquinoline-4-carbonyl)glycinate (8) (100 mg, 0.38 mmol, 1.0 eq.), 3-(Boc-
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amino) propyl bromide (230 mg, 0.96 mmol, 2.5 eq.) were dissolved in 4 mL anhydrous DMF.
Cs2C0s3 (376 mg, 1.15 mmol, 3.0 eq.) was added to the solution and the reaction was stirred at
room temperature overnight. After filtration, the solvent was removed under vacuum and the
remaining mixture was loaded onto a 25g C18 cartridge. The product was purified with a
MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization, the product 3 was
obtained as a yellow powder with a yield of 54% (86 mg). 'H-NMR (400 MHz, CDCl3): §
8.68-8.37 (m, 2H), 8.02 (d, J = 9.1 Hz, 1H), 7.80 (s, 1H), 7.72-7.64 (m, 1H), 7.40 (d, J= 9.1
Hz, 1H), 4.94 (br s, 1H), 441-4.31 (m, 2H), 427-4.18 (m, 2H), 3.85 (s, 3H), 3.44-3.30 (m,
2H), 2.13-2.00 (m, 2H), 1.43 (s, 9H). *C NMR (100 MHz, CDCl3): §170.1, 167.2, 158.4,
144.7, 1423, 128.4,126.1, 124.7, 119.1, 103.7, 79.5, 60.4, 52.5, 41.4, 37.7, 29.3, 28.4. ESI-MS:
m/z calculated for C21H28N30s [M + H]* 418.5; found 418.1.
tert-Butyl(S)-(3-((4-((2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-
yloxy)propyl)carbamate (11); Compound 9 (145 mg, 0.347 mmol, 1.0 eq.) and LiOH (58 4
mg, 1.39 mmol, 4.0 eq.) was stirred in 5 mL of H2O/THF (1/1) for 6 hours. After most of the
THF was removed under vacuum, the mixture was loaded onto a 25g C18 cartridge and eluted
with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1) to remove the salts. After removal of
solvent and drying, the product 10 was obtained in quantitative yield. To a stirred solution of 10
(144 mg, 0.357 mmol, 1.0 eq.) in anhydrous DMF (4 mL) was added (S)-pyrrolidine-2-
carbonitrile (56.8 mg, 0.428 mmol, 1.2 eq.), HATU (163 mg, 0.428 mmol, 1.2 eq.) and DIPEA
(125 uL., 0.714 mmol, 2.0 eq.). After 6 hours, the solvent was removed under vacuum and the
crude mixture was loaded onto a 25g C18 cartridge (Silicycle, Canada). The product was
purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization, the
product 11 was obtained with a yield of 80% (135 mg). 'H NMR (400 MHz, CDCls): §8.73 (s,
1H), 7.95 (d, J=10.2 Hz, 1H), 7.68 (br s, 1H), 7.63—7.56 (m, 1H), 7.56—7.48 (m, 1H),
7.38-7.29 (m, 1H), 5.27 (br s, 1H), 4.84-4.72 (m, 1H), 4.46—4.35 (m, 1H), 4.33—4.20 (m, 1H),
4.17-4.09 (m, 2H), 3.78-3.64 (m, 1H), 3.59-3.46 (m, 1H), 3.36 (s, 2H), 2.38-2.17 (m, 4H), 1.42
(s, 9H), 1.35-1.27 (m, 2H). *C NMR (100 MHz, CDCl3): § 167.6, 167.5,157.9, 156.2, 146.3,
130.2, 125.7, 123.7, 1193, 118.0, 103.3, 79.0, 65.9, 46.8, 45.7, 42.2, 37.6,29.8, 29.3, 28.4, 25 1.
ESI-MS: m/z calculated for C2sH32Ns0s [M + H]* 482.6; found 482.2.
(:5)-6-(3-aminopropoxy)-N-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)quinoline-4-carboxamide
(4): Compound 11 (100 mg, 0.207 mmol.) was treated with a 1 mL solution of TFA/methylene
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chloride (1/1) for 2 h. The solvent was removed under vacuum, and the crude mixture was
loaded onto a 12g C18 cartridge (Silicycle, Canada). The product was purified with a
MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization, product 6 was
obtained with a quantitative yield. '"H NMR (500 MHz, D20): & 9.05 (dd, ] = 2.0, 5.5 Hz, 1H),
8.24(dd,J=2.0,9.0 Hz, 1H), 8.13 (dd, ] =2.0, 5.5 Hz, 1H), 7.93-7.80 (m, 2H), 4.84 (t,J =45
Hz, 2H), 4.58-4.32 (m, 4H), 3.87-3.78 (m, 1H), 3.67 (q, J = 8.0 Hz, 1H), 3.29 (1, ] = 6.0 Hz, 2H),
2.45-2.12 (m, 6H), 1.34 (d, J = 6.0 Hz, 1H). ESI-MS: m/z calculated for C20H23Ns03 [M + H]*
382.4; found 382.2.

Qg OH Methyl glycinat no Qe 3-(Bac-amino) propyl g (e v QM
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- HATU, DIPEA & N\/&o bromide . Z N\/go LiOH, HaOITHF " % N\/&O
= ——— ™ Ho. T N 0. S = N 0.
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N N/ 16 h N/ N/
1 8 9 10
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=
N 5 N (O YW g
(S)-pyrroliding-2- w N TEAICHT w N 12 0 wo N
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- . o, N\/&O o, N\/go ) e N ) o, N\/&o
HATU, DIPEA g N A0 RT, 1n HAN _~_O. A DIPEA, DMF \\/\WN\/\/O .
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4 4 FAP-Acetylenel

Scheme 4. Synthesis of FAP-Acetylene 1.
(5)-N-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)-6-(3-(pent-4-ynamido)propoxy)quinoline-4-
carboxamide (FAP-Acetylenel): To the stirred solution of 4 (10 mg, 0.026 mmol, 1.0 eq.) in
DMF (1 mL) was added 2,5-dioxopyrrolidin-1-yl pent-4-ynoate (12) (5.12 mg, 0.026 mmol, 1.0
eq.) and DIPEA (13.5 uL, 0.078 mmol, 3.0 eq.). After 2 hours, the solvent was removed under
vacuum and the crude mixture was loaded onto a 12g C18 cartridge (Silicycle, Canada). The
product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After
lyophilization, 8.6 mg of FAP-Acetylenel was obtained with a yield of 71%. "H NMR (500
MHz, DMSO-d6): § 9.05 (t, ] = 5.5 Hz, 1H), 8.84 (d, J = 4.5 Hz, 1H), 8.03-7.95 (m, 2H), 7.86 (d,
J=2.0Hz, 1H), 7.56 (d, J = 4.0 Hz, 1H), 7.49 (dd, J =2.5, 9.0 Hz, 1H), 4.85-4.78 (m, 1H), 4.17
(t,J = 6.0 Hz, 2H), 2.92-2.86 (m, 2H), 2.81 (s, 1H), 2.74 (¢, ] = 2.5 Hz, 1H), 2.37-2.31 (m, 3H),
2.29-2.23 (m, 3H), 2.22-2.13 (m, 2H), 2.12-1.99 (m, 3H), 1.97-1.89 (m, 2H); ESI-MS: m/z
calculated for C25sH28NsO4 [M + H]" 462.2; found 462.1.
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Reagents & Conditions: a). {i}. 2,5-dioxopyrrolidin-1-yl 5-((fert-butoxycarbonyljamino)pentanoate, DIPEA. DMF, RT, overnight. {ii). TFA : CHaCla (1:1), RT. 2h. 75
%; b). (i} Fmoc-L-Lys(Boc)-OSu, DIPEA, DMF, RT, 2 h. (ii). 20% piperidine, DMF, RT, 1 h, 65%; c). Azido-PEG3-NHS ester, DIPEA, DMSO, RT, 2 h, 70%; d). FAP-
Acetylene1, CuSO, 5H,0, Sodium Ascorbate, {BuOH/DMSO/H,0, RT, Overnight, 86%,; e). (i). TFA . CHaCly (1: 1), RT, 2h, 90%. (ii). DOTA-NHS-ester, DIPEA,
DMSO, RT, 2 h, 68%.

Scheme 5. Synthesis of SB-FAP-01.
(((S)-5-(5-Amino-N-(4-bromobenzyl)pentanamido)-1-carboxypentyl)carbamoyl)-L-
glutamic acid (14): To a stirred solution of 13 (214 mg, 0326 mmol, 1.0 eq ) and 2,5-
dioxopyrrohdin-1-vi 5-{{tert-botoxycarbonyDamino)pentanoate (102.5 mg, 0.326 miwol, 1.0 ¢g.}
in DME (2 mL) was added DIPEA (170 pul, 0978 mmol, 3.0 eg ) at room temperatire. The
reaction vixture was stitred for 24 h and concentrated to get crude product. To the above crude
was added 2 mL of TFA/CHCl {1:1) at room temperature and mixture was stirred for 2 h.
Reaction mixture was concentrated 1o got the crude which was loaded onto a 12g Ci8 cartridge
{Silicycle, Canada). The product was purified with a MeUN/water/TFA gradient {3/100/0.1 to
90/10/0.1). After lyophilization, afforded compound 14 (143 mg, 75%) as a white solid. H'-
NMR (500 MHz, 2200 8755(d, J=85Hy, 1H), 751 {d I=85Hzx, (HL 7312{dd, J=25 8¢
Hz 2H}, 4.59 (s, 1H), 451 (5, 1H)},4.29-4 22 (m, 1H), 4194 11 (m, 1H}, 339329 {m, 2H),
3.05-2 88 (i, 2F1}, 2.59-2.38 {(m, 44}, 2.22-2 10 (v, 1H), 2.02-1 90 (m, 13}, 1.82-1 .46 {m, BH),
1.39-1.24 (m, 2H}.

(188,235,275 10-Amino-13-¢4-bromobenzyl - 2,2-dimethyl-4,1 1,17 25-tetraoxo-3-0xa-
5,12,18,24,26-pentaszanonacesane-23,27,2%tricarboxylic acid {15} To a stirred solution of
14 {139 mg, 0236 mmol, 1.0 eg.) and Fmoc-L-Lys(Boc)-O5u (133 9 mg, 0.236 mmol, 1.0 eq.}
in 3MF (2 mL) was added DIPEA (250 pi, 1.42 mmal, 6.0 eq.} at room temperature. The
reaction nuxture was stirred for 2 h and concentrated to get crude product. To the above crude

was added 2 mL of 205 piperidine in DMF (3 mL) at room temperature and mixture was stirred
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for 1 h Reaction mixture was concentrated 1o get the crude which was Inaded onto a 12g (U18
cartridge (Silicycle, Canada). The product was purified with a MeCN/water/TFA gradient
{G/100/0.1 10 99/10/0.1). Afier lvophilization, afforded compound 15 (125 mg, 65%) a5 a white
solid. H-NMR (500 MHz, DMSCO-ds): § 8.43-8.32 {m, 1H), 8.08 (s, 2H), 793 (d, § = 7.5 Hz,
1H), 774 (4, 3 =75 Hz, 1H), 7.55(d, F= 8.0 Hz, 1H), 741 (4, § =80 Hz 1HL6.74(, =50
Hz, 1H), 6.40-6.26 (m, 2H), 4.52¢s, 1H), 4.44 (5, 1H), 4.14-3.98 (m, 2H), 3.23-2.97 (m, 5H},
293-282¢m, 2H), 237 (1, ) =70 He, 1H), 231215 Gu, 3HD), 1.96-1.43 (m, F4E, 135 (5, 9H),
1.29-1.15 {m, 4H); [M + H]" calcd for C3sHseBrNeO11, 815.3192; found, 815.3184.
(115,248,285)-1-Azido-19-(4-bromobenzyl)- 11-(4-((tert-butoxycarbonyl)amino)butyl)-
9,12,18,26-tetraoxo-3,6-dioxa-10,13,19,25,27-pentaazatriacontane-24,28,30-tricarboxylic
acid (16): To a stirred solution of 13 (473 mg, 0.058 mmol, 1.0 eq.} and Arido-PEG3-NHS ester
(20 myg, 0.058 mmol, 1.0 eq ) o DMSG (100 pl) was added DIPEA (80 pul, 0.464 mmol, §0
2.} at room temperature. The reaction mixture was stirred for 2 h and concentrated to get the
crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada). The product was purified
with a MeCN/water/TFA gradient (0/100/6.1 to 90/10/0.1). After lyophilization, afforded
compound 11 (42 mg, 70%]} as a white solid. ESI-MS: m/z calculated for C44H71BrNoO1s [M +
H]" 1044 4; found 1044.3.

Compound 17: To a stirred solution of FAP-Acetylenel (6 mg, 0.0129 mmol, 1.0 eq.) in #-
BuOH:H20 (1:2, 300 ui) was added CuS04.5H20 (0.486 mg, 0.0019 mmol, 0.15 eq.) and
sodium ascorbate (1.15 mg, 0.0058 mmol, 0.45 eq.). To the above reaction mixture was added
solution of product 16 (13.5 mg, 0.0129 mmol, 1.0 eq.) in DMSO (10 uk.) and stirred for
overnight at room temperature. Reaction mixture was concentrated to get the crude which was
loaded onto a 12g C18 cartridge (Silicycle, Canada). The product was purified with a
MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After lyophilization, afforded compound 17
(16.7 mg, 86%]) as a white solid. ESI-MS: m/z calculated for CeoHosBrN14O19 [M + H]" 1505.6;
found 1505 4.

Compound SB-FAP-81: To the compound 17 (9 mg, 0.005% mmol} was added | mL of
TFA/CHCla (1:1) at rooim temperature and mixiure was stirred for 2 h. Reaction mixture was
concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada).
The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After

lyophilization, afforded free amine in quantitative vield. To a stirred solution of amine (3.8 mg,
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0.0027 mamol, 1.0 eq.) and DOTA-NHS-ester (3.08 mg, 0.004 mmol, 1.5 eq) in DMSO (50 ul)
was added DIPEA (4.7 pL, 0.027 mmol, 10.0 ¢q.) at room temperature. The reaction mixiure
was stirred for 2 b and crude was pusified by preparative RP-HPLC chromatography using 8.1%
TFA in H2O and 0.1%% TFA in acetouitrile as eluents followed by lyophilization afforded
compound SB-FAP-01 (3.3 g, 69%) a5 a white sohid. RP-HPLU purification was achieved
using Agilent System, » 254 nm, 250 mm x {10 mm Phenomenex Luna €18 column, solvent
gradient: 90% H20 (0194 TFA) and 1084 ACN (01530 THFA)Y, reaching 0% of ACN in 25 min ai
a Bow rate of S mi/min, product eluted at 13 .8 min}. HRMS (FESDH m/z: [M + HY caled for
CaoHyaBriNia0gq, 1782 7456; found, 17837442

o

[e]
F SN
H
o\/" (). TFA . CH,Clz (1: 1), j bl lo
RT, 2h 00% i i 2
o ——\,cx(,/\v)-\)k N\)k /\O\ - . o/~
. =
. -(NJ 5 0O (i) DOTA-NHS-ester, o 0 N“N-N’\/“‘(/\o?’\/ﬁ\n N’V\j‘n
e EarA g fH LI /\CL ot
L2h, &
7 Hoe Ry ooy e SB-FAP-02 x [
HO Al

HH W

Scheme 6. Synthesis of SB-FAP-02.

Compound SB-FAP-02: T the compound 17 (8 mg, 0.0053 mmol) was added T ml of
TFA/CH2Cl (1:1) at room temperature and mixture was stirred for 2 b, Reaction mixture was
concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada).
The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After
lyophilization, afforded free amine iu quantitative yield. To a stirred solution of amine (6.7 mg,
0.600.0047 mmot, 1.0 eq.) and NOTA-NHS-ester (3 46 mg, 0.0052 mmel, 1.1 eqy 1o DMSO (50
uly was added triethylamine (6.6 pb, $.047 muol, 10.0 eq ) at room temperaiure, The reaction
mixture was stirred for 2 h and crude was purified by preparative RP-HPLLC chromatography
using 0,196 TFA 1in HaC and 0, 1% TFA in acetonitrile as eluents followed by Iyophilization
afforded corapound SB-FAP-0Z (58 mg, 72%) as a white solid. [RP-HPLC purification was
achieved using Agilent System, A 254 nm, 250 mum x 10 mm Phenomenex Luna C18 column,
solvent gradient: 98%6 H20 (0. 1% TFAY and 2 % ACUN (0.1% TFA), reaching 50% of ACN in §
to 20 min, 9% of ACN in 20 to 25 min at a flow rate of 5 mbi/min, product eluted at 16.8 min}.
IH-NMR (500 Mz, DMSO0-d6): 6 12.11 (Broad singlet, 5H), 9.04 (¢, J = 5.5 Hz, 1H), 8.34-8 80
{m, 1H), & 19-8.10 {m, tH}, 8.03-7 96 {m, 3H), 7.59-743 {m, 4H), 7.19-7.10 (mm, 2H}, 6.37-6.25
{m, ZH), 4. 82 {5, ZH), 4.51 {m, 2H), 4.43 (3, 2H}, 4.25-4.02 (;n, 14H), 3.79-3.66 (m, 6H), 3.64-
356{m, 6H), 3.44(d, 1 =105, 88}, 3.29-2.94 (m, 11H), 2.86-2.79 (m, 2H}, 2.42{t, 1 = 7.0, 2H},
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2.39-230 (m, 3H), 2.28-2.36 {m, 48}, 2. 12-2.01 (m, ZH}, 1.96-1.86 (m, 2H), 1.73-1. 17 {m,
20H);, HRMS (ESD my/z: [M + HI" caled for CraHissBrNiOz, 1690.7129; found, 1690.7110.

}(Z‘N/\:}’D
)

Qg‘ \/_/ 0. THR GHaCl (1), X‘v;l\)\—{ﬂ
0*(‘{1 N N_\IDW: u/\/\iN @\c&/"<€>5 o
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nc-G a FOH ). DOTAGA (O‘Bu)‘ NHS,
[¥e DA, £150 ’\@B .
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(). TFAHOITIPS
RT, 241, 56%. Hoe By Feom

Scheme 7. Synthesis of SB-FAP-03.
Compound SB-FAP-03: To the compound 17 (8 mg, 0.0053 mmol) was added 1 mL of
TEA/CHCh (1: 1) at room temperature and mixture was stitred for 2 b, Reaction mixiure was
concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada).
The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After
lyophilization, afforded free amine in quantitative yield {6.7 yug). To a stirred sohution of aming
{6.0 mg, 0.0042 mmol, 1.0 eq.) and DOTAGA(Bu)+-NHS-¢cster (408 myg, 0.0064 mmol, 1 2 eq )
i DME (100 pl. ) was added diisopropylethylamine (5.9 pl., 0.042 mmol, 1.0 eq.) at room
temperature. The reaction mixture was stirred for 2 h and crude was purified by preparative RP-
HPLC chromatography o afford product (5.4 wg, 61 %) as a white solid. To the stirred solution
of above product was added cockiall of TFA/MLQ/TIPS (050 pnb/25 pl/ 25 pl} at room
temperature. The reaction mixture was stirred for 24 h and the crude was punfied by preparative
RP-HPLC chromatography using 0.3% TFA 10 H20 and 0. 1% TFA in acetonitrile as eluents
followed by lyophilization afforded compound SB-FAP-03 (2.7 myg, 56 %) a5 a white solid.
HRMS (ESE) m/z; [M + HI' caled for CaaFiBriN1Ozs, 1863.7812; found, 1863.7799.
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Scheme 8. Synthesis of SB-FAP-04.

Compound $8-FAPF-84: To the compound 17 (8 mg, 0.0053 mmol} was added 1 mL of
TFA/CH2CH (1:1) at room temperature and mixture was stirred for 2 h. Reaction mixture was
concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada).
The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After
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lyophilization, afforded free aming in quantitative yield. To a stirred solution of amine (1.9 mg,
0.00137 mmol, 1.5 eq.} and IRBOGCW-NHS ester (1.07 mg, 0.000917 mmol, 1.0 eg. 3 in DMSO
{20 pl.)y was added DIPEA (2.0 ub., 0.0137 mynol, 15.0 eq ) at room temperature. The reaction
mixture was stirred for 2 b and crude was purified by preparative RP-HPLC chromatography
using 20 mM itriethyvlammoniumacetate buffer and acetonitrile as eluergs followed by
lyophilization afforded compound 8B-FAP-04 (1.6 my, 77%} as a green solid. HRMS (ESlym/z:
iM2T caled for CrothiaaBriNweOnSe, 1195409171, found, 1195 4080

@
o,
sssss
SO H
' J $C sto H
ot/ . TFA cr—«,cx2 (1 1. *o"‘"o w
e Ny N—\,o(/\N ,\/\)'\ o i N Nﬁs' J/ oM
e OzH Gi). IR700DX NHS ester, @O {L, _8N \s
ester. 0y
Ncﬂ DIPEA, DMSO, o{n 0 NNN-\'Wm u“’\im ¥
17 RT, 21,59 % “‘:UH 2 B COH
HD!C
SB-FAP-05 HOLCT uﬁug Gt

Scheme 9. Synthesis of SB-FAP-05.

Compound SB-FAP-85: To the compound 17 (8 mg, 0.0053 mmol} was added 1 il of
TEA/CHCL (1113 at room temperature and mixmure was stirred for 2 h. Reaction mixture was
concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle, Canada).
The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1). After
lyophilization, afforded free amine in quantitative vield. To a stirred solotion of amine (1 43 mg,
1.01 pmol, 2.0 eq ) and IRBOCUW-NHS ester (1.0 mg, 0.51 umol, 1.0 eq.) in BMSO (20 pl)
was added DIPEA (2.7 ub, 153 Bmeol, 30.0 eq) at room temperature. The reaction mixture was
stirred for 7 h and crude was purified by preparative RP-HPLC chromatography using 20 mM
iriethylammoniumacetate buffer and acetonitrile as eluents foliowed by fvophilization afforded

compound SB-FAP-05 (0 95 myp, 59%) as a green solid.

(i), Boc-Lys(N3)-OR (,"~»: A5
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N M 18 o 0e /\uLo )
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-
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Scheme 10. Synthesis of SB-FAP-06, SB-FAP-07 and SB-FAP-08.
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2. 5-Pioxopyrrelidin-i-vl {(8%-2-((fere-butoxyearbonyljaming b-6-{4-(3-((3-({4-{{2-{(8)-2-
eyanopyrrolidin-1-yhi-2-exoethyhearbamovhguinolin-G-yhioxy propylamine}-3-
oxopropyi186-1,2 3-triavel-1-yhhexaneate (18}): To a stirred solution of FAP-Acetylenel (10
mg, 0.0216 mmol, 1.0 eq.) and Boc-Lys(N3)-OH in DMSO:HzO (1:1, 400 uk.) was added
freshly prepared solution of CuSOs.5H>0 (0.81 mg, 3.24 pmiol, 0.15 eq.) and sodium ascorbate
(1.93 mg, 9.74 pmel, 0.45 eq.). Reaction mixture was stirred for overnight at room temperature
and concentrated to get the crude which was loaded onto a 12g C18 cartridge (Silicycle,
Canada). The product was purified with a MeCN/water/TFA gradient (0/100/0.1 to 90/10/0.1).
After lyophilization, afforded triazole product {11.3 mg, 71%} as a white solid. To the stirred
sofution of triazole product (8.5 mg, 0.0115 mmol, 1.0 eq.} in dimethylformamide (500 pl.)
added TSTU (5.23 mg, 0.0173 mmol, 1.5 eq.) and ditsopropylethylamine (6.0 pL, 0.034 mmol,
3.0 eg.; at room temperature under nitrogen atmosphere. The reaction mixture was stirred for 2 h
angd concentrated to get the crude which was loaded onte a 12 C18 cartridge (Silicycle,
Canada). The product was purified with a MeUN/water/TFA gradient (0/100/0.1 10 90/10/0 1),
After lyophilization, afforded compound 18 (6.0 mg, 63%) as a white solid.
{{8F-S-{s-Amino-M-{4-bromebenzylibexanamido -1 -carboxypentyljearbamoyl)-L-glutamic
acid {19% To a stirred sclution of 13 (365 mg, 0.556 mmol, 1.0 eq.) and 2,5-dioxopyrrolidin-t-vi
6-{(ter-hutoxycarbonyDaminothexanoate (174.7 myg, 0.556 mmol, 1.0 eq ) in DMF (2 mL) was
added DIPEA (233 ul, 1.66%9 mmol, 3.0 eq ) at room temperature. The reaction mixture was
stirred for 24 h and concenirated to get crude product. To the above crude was added 2 mL of
TFA/CH2C (1 1) at roors temperature and mixture was stirred for 2 b, Reaction mixiure was
concentrated to get the crude which was loaded onfo a 12g C1¥ cartridge (Silicyele, Canada}.
The product was purified with a MeCN/water/TF A gradient (0/100/0.1 to 90/10/0.1) After
fyophilization, afforded compound 1% (360 my, 98%) as 1 white solid.

Compound 20: To a stirred solution of 18 (6% mg, §3 pmol, 1 Deqyand 19(747 mg, 124
umod, 1.5 eq) in DMF was added DIPEA (3.7 ul, 99.6 umol, 12.0 eq ) at room temperature.
The reaction mixture was stirred for 2 b and concentrated to get crude product. To the above
crude was added I mL of TFA:CHaCh (111} at room temperature and mixinre was stirred for 2 h.
Reaction mixture was concentrated to get the crude which was loaded onto a 12g C18 cartridge
(Silicycle, Canada). The product was purified with a MeCN/water/ TFA gradient ((/100/0.1 to

90/10/0.1). After lyophilization, afforded compound 15 (7.0 mg, 989} as a white solid.
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Componnd SBE-FAP-86: To a stirred solution of amine 26 381 mg, 3.13 umol, 1.8 eq }and
DOTA-NHS-ester (2.62 mg, 344 umol, 1.1 eq ) in DMSG (50 pl) was added DIPEA (5.2 ul,
37.6 umol, 12.0 eq.) at room temperature. The reaction mixture was stirved for 2 h and crude was
purified by preparative RF-HPFLC chromatography using 8.1% TFA in HoD and 0.1% TFA 1n
acetoniirile as eluents followed by lyophilization afforded compound SB-FAP-06 (4.0 mg, 8156}
as a white solid.

Compound SB-FAP-87: To a stirred solution of amine 26 (3.4 mg, 279 umol, 1.0 eq.} and
NOTA-NHS-eater (2.2 mg, 3.35 umol, 1.2 eq.) in DMSQ (65 pl) was added DIPEA (4.7 pl,

o d
3

335 pmol, 12.0 eq.) at room temiperature. The reaction mixture was siirred for 2 b and crude was
purified by preparative RP-HPLC chromatography using 0.1% THA in H20 and $.1% TFA in
acetonitrile as eluents followed by lvephilization afforded compound SB-FAP-06 3.1 mg, 74 %)
as a white solid,

Compound SB-FAP-88: To a stirred solution of amine 26 (1,35 mg, 111 umol, 1.3 eq.) and
IRBOOCW-NHS-ester (1.0 mg, 0.85 pmol, 1.0 eq.) in DMSQ (25 pl) was added DIPEA (1.8 L,
12.86 pmol, 15.0 eq.} at room temperature. The reaction mixture was stirred for 2 b and crude
was purified by preparative RP-HPLC chromatography using 20 mM triethylammonium acetate
buffer in acetonitrile as ehuents followed by lyophilization afforded compound SB-FAP-0B (.85
mg, 78 %) as a green solid.

] NOTA-NHS
o, 0 (i). 4, DMF, DIPEA
Y\N \QZ» T oY\N 0 DMF, DIPEA

RT.2h, 70&

NC*Q _ “Cﬁ SB-FAP-09
(ii). TEA/CH,Cl,
o 2hRT, 60%
18 BocHN 0%
d

Scheme 11. Synthesis of SB-FAP-09.

Compound 212 To a stirved solution of 18 (6.0 mg, 7.22 umol, 1.0 eg)and 4 (3.75 mg, 722
ursal, L0 eq ) in DMF (300 ply was added DIPEA {7 5 pl, 9433 wmol, 6 0 eq.) at room
temperature. The reaction mixiure was stirred for 2 h and concentrated to get crude product. To
the above crude was added 1 ml of TFA:CH2Cl: (1:1) at room temperature and raxture was
stirred for 2 h. Reaction mixture was concentrated to get the crude which was loaded onto a 12¢g
C18 cariridge (Silicycle, Canada}. The product was purified with a MeCD/water/TFA gradient
{0/100/0.7 10 OW/10/0.1). After vophilizaticn, afforded compound 21 (4.3 mg, 60%) as a white

solid.
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Componnd SBE-FAP-8%: To a stirred solution of amine 21 3.12 mg, 3.12 wmol, 1.8 eq }and
NOTA-NHS-ester (2.3 mg, 3.44 umol, 11 eq.) in DMBSO (75 pL) was added DIPEA {435 0L,
31.2 prool, 10.0 eq.) at reom temperature. The reaction mixture was stirred for 2 b and crude was
purified by preparative RF-HPLC chromatography using 6.1% TFA in HoQ and 0.1% TFA in
acetoniirile as eluents followed by lyophilization afforded compound SB-FAP-09 (2.8 mg, 7056}

as a white solid,

i IR80OCW-NHS
\/\/N i o A a DMSO. ElsN
0.
(> DOTAGANH2 g 2hRT.78%  op cap.10
oy e 5 DMSO, EtN N & :
Ncﬁ N _2hRT - tes(™y N ?—ou
. N/\}d
(ib. TFA/CHCl, " PO ke
o 2hRT 43% NN L
BocHN' O‘N 5 H = |\/
- I 22 o lo DMSO, Et;N
o HO ZDRT % oo

R
Scheme 12. Synthesis of SB-FAP-10 and SB-FAP-11.
2,202V (18- (28 Z-amino-6-{4-3-{(3-{{4-{{2-({(5}-2-cyanopyrrelidin- {-y1)-2-
sxeethylicarbamoyvljguinolin-t-yhoxy jproepylamine -3-oxopropylj-1H4-1,2,3-triazol-1-
yhihexanamidojethyDamino-1-carboxy-4d-onobutyl)- 14,7, 1-fetrsnzncyclododecane-1.4,7-
trivijtriacetic acid (22): To a stirred solution of 13 (108 mg, 12.99 umel, 1.0 eq.) and
DOTAGA-NH: (674 mg, 12.9 umol, 1.0 eg) in DMSO (100 pL) was added tricthyvlamine (217
pl., 136.0 pmal, 12.0 eq.} at room temperature. The reaction mixture was stirred for 2 h and
concentrated to get erude product To the above crade was added T mbL of TFACHChL (11 at
room temperature and mixture was stirred for 2 b, Reaction mixture was concenirated to get the
crude which was [oaded onto a 12g C18 cartridge (Silicvele, Canada). The product was purified
with a MeUN/water/TFA gradient {I/100/0.7 10 90/10/0.1). After lvophilization, afforded
compound 22 (4.3 mg, 43%} as a white solid.
1-{6-{{{A8)- 1{(2-(d-carboxy-4-(4,7. 1 0-tris(carboxymethyl)- 1.4, 7, 1 §-tetranzacyclododecan- 1~
yhbutanamidolethylamine p6-(4-{3-(3-((4-{{2-{5)-2-cyanopyrrolidin- L-yi}-2-
exngthvhcarbamoyhguinelin-6-yloxy)propyhamine}-I-esepropyl)-154-1,2, 3 triazol-{ -y 1~
sxehexan-2-yhamine -6-oxohexyl 2~ ({84 2-{{ F¥3-2-{{ £} 3. 3-dimethyl-S-suifo-1-(4-
sulfobutyhindelin-2-ylidene)ethylidene)-2-{4-sulfophenoxyjeyclohex-1-en-1-yljvinyi}-3,3-
dimethyl-3H-indolk--fum-S-sulfonate (SB-FAP-10): To a stirred solution of amine 22 (1 .63

mg, 144 umal, 12 eq) and IRBOOCW-NHS-ester (1.4 mg, 1 20 umol, 1 G eq ) in DMSO (05
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ukb.y was added triethyiaming (3.4 uk, 24.0 umol, 20.0 eq ) at room temperature. The reaction
mixture was stirred tor 2 h and crude was purified by preparative RP-HPLC chromatography
using 20 mM triethylammonium acetate buffer in acetonitrile as eluents followed by
fyophilization afforded compound SB-FAP-08 {092 mg, 78 %} as a green solid,

2,252V -{10-{1-Carboxy-4-{(2-{(83-6-{4-3~((3-{{4-{2-({5-2-cyanopyrrolidin-f-yi)-2-
exoethyljearbamoyiquinslin-6-ylloxyjpropyljamino}-3-oxspropyi}-18-1,.2, 3-triazol-1-yi)-2-
{t-luorenicotinamido}hexanamidojethyDamino}-d-oxobuiyl)-1,4,7.10-
tetraazacyclododecane- 1.4, 7-iriyitriacetic acid (SB-FAP-11): To a stirved solution of amine
22 {59 mg, 520 umol, 1.0 eq.} and 2 5-dioxopyrrolidin-1-yl 6-flucronicotinate (1 5 mg, 6.20
umol, 1.2 eq. ¥ in DMSO (50 pul) was added tnethviamine (7.2 ub, S2.0 umol, 10.0 eq.} at room
temperature. The reaction mixture was stirred for 2 h and crude was purified by preparative RP-
HPLC chromatography using 0.1% TFA i HzO and 619 TFA v acetonitrile as eluents

followed by Ivophilization afforded compound SB-FAP-11 (2.8 mg, 70%}) as a white solid.

2 H\)\ 2 n\)\
o 1) BE.FDG, MeOH ‘8F [*]
15 mins, 105°C
2) NaCNBH,, MeOH
HzN\/\/O . 3,
= 30 mins, 105°C 5
Ve OH
N

EXAMPLE 6

g

!
2

\

RCY = 9% (a=2)

Representative FAP-a Inhibitors

Representative FAP-o inhibitors and representative biological data are provided in Table 3.

Table 3. Representative FAP-g Inhibitors

No Structure Code MW DPPIV PREP FAP FAP
(g/mol) ICso ICs ICso Ki (nM)
M)
1 HOOG £ FAPI-04 87293 8.81 796 nM 0.75 0.15
CPNV\N . b*cw Reference)
iR &N N\)kN o, H\/go
( \ K/N\/\/O\&
COCH P
N
2 X UAMC- 34432 7.47 yM 96.93 0.57 0.11
\Z_L 01110 nM
y NTTON
O N Ay
@%
-
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Table 3. Representative FAP-¢ Inhibitors
No Structure Code MW DPPIV | PREP FAP FAP
(g/mol) ICsg ICs ICs Ki (aM)
(aM)
3 THU1219438 20uM | 95.84 0.912 0.1824
. Q‘CN nM
F O N\/&o
=
N//
4 & JTHU 1220450 32633 >0 M | 48.02 0.119 0.0239
N7 TCN oM
H
0. N\/&o
=
N
5 R JTHU1220471 34432 253uM | 1151 0.7335 0.1467
gt M
N CN
H
O. N\/go
P
N
6 ek THU 1220466 36231 350 uM | 46.97 0.3097 0.062
o8 &
g N CN
0, N\/go
2
N
7 & JTHU1220470 370.38 >20 uM 1410 0.343 0.0686
" N7 TCN nM
o Mk,
A
-
N
3 JHU1220501 326.33 >20puM | 5220 2.164 0.433
| Q\CN nM
! N\/&O
=
=
F N
9 & JHU 1220502 326.33 >0 uM | 8446 5.044 1.009
Y CN nM
0. N\/&O
=
s
N
r
10 THU1220503 326.33 >20 M | 688.0 2.8 4456
. QCN nM
0 N\/&O
x F
=
N
11 5 JHU 1220627 983 .86 836.0 >2.00 1.41 0.28
' N TON M mM
O, H\/go
R SR
L, J° @
N
Hooc—/
HOGC
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Table 3. Representative FAP-a Inhibitors
No Structure Code MW DPPIV | PREP FAP FAP
(g/mol) ICsp ICso ICso Ki (aM)
(M)
12 JTHU1221709 876.94 12.59 21.95 209 042
2 F p QCN nM uM
SN O N
Hooc’\N/ \N/YN\/\/O(%
] v
Hooc— '}
HOQOC
13 JHU1221708 734.70 7.91 uM 6.91 1.19 0.24
{P~en ;
M
/I W O _CoH \/go
F \N fLN/\n/N\/\/O\Q\J\/j
© COH NZ
14 [\ JHU1221785 734.70 17.73 86.57 131 0.26
N7 CN UM M
N
MRS BT
2 CO,H N/
15 HOOC—, /™ ~coor JTHU1221803 1049.13 6.22 1.09 1.40 0.28
[ ] uM M
Hooo—"\_/ l u QCN
O N o
/O)L MNwONO
N/
16 BN JHUI221804 | 1076.15 831 1.71 1.01 0.20
N~ CN uM WM
! \/go
w/\)}( \/\/\HLN/\H/N\/\/O
N
% COOH
4 [N/_\Ni— io]e]
Hooc—/N\_/N‘hcoon
17 s JHU1221823 | 1266.39 747 0.24 0.59 0.12
N7 CN
. i uM M
mﬁrn\/\/\‘)(i A~ y o ’
= N =
Q b OW P
% M\ ~cod "
HooC~ \_/ \—COOH
18 ”°°°E/’\/—°°°H JHU1221850 1393.54
Hooc—/ f—
LN O COOMe b Q‘CN
@)k”/\/\/\n, (‘/\O):\)LN/\ o] N\/go
P o LR~0
>
19 Q_CN JHU 1222870 1367.54
pe ¥ g
A~ \/\o/\/“
W\)LN ;\/\‘lF \/\,L\C(Mj
Hooc—\/_\
¢
Hooc—/ \—/ \—CCOH
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Table 3. Representative FAP-a Inhibitors
No Structure Code MW DPPIV PREP FAP FAP
(g/mol) ICsp ICso ICso Ki (aM)
(nM)
20 5 & JHU1222909 1146.25
Nay N O N.
N 0
o o N1 LN _~_o \
HOOC—\/_\j/ P
EN Nj N
HOOCJN\_/N\—COOH
21 JHU1222910 1090.23
F l H\/\/\j\ H\A/_N:‘CN
Na N -~ Ox N
N 0
o Oy NH K/hll\/\/o x
HOOC—\/_\j/ p
[N Nj N
HoocJN\_/N\—COOH
22 N NP SB-FAP-11 1257.35 9.48 uM 0.51 0.35 0.07
= o\/\/ MI\/I
OH
0 o (N/\\ o
Io Rk ane WLt
P 1o T AN
HO” O
23 N oo SB-FAP-09 1282.43 205 M 0.63 0.48 0.1
N o~ uM
NG HO &
'CN
(> a o
NS W °
AN S
N
24 N H o SR1-07-52 1015.39
x o/~
OY\” ° /NN
o)
N N
F N/ © H
COaH
o LCO
HOzCH,Iijuﬁ 2H
25 A Hoo SRI-07-56 1156.52
0\/\/N
OT\u O / [:iN }‘OH
NC. N
A . i(H (e
SAR N RaV Tl
F N
HO'
26 % H SRI-08-35 1184.55
5 0\/\/N
OT\N 0 /?‘N .
o~ “ o
N
o ( ¥ o
| N - N\/\ﬁ)k/h“\/N’)/r
i N/ o k
HO
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Table 3. Representative FAP-a Inhibitors
No Structure Code MW DPPIV PREP FAP FAP
(g/mol) ICsp ICso 1Cs, Ki (aM)
(oM)
27 I SRI-08-15 990.44
=N
i O~
B HNT S0 -
CNEINEN
HO(—N N/\H_Nﬁwm\/\/o N ?
N _) g H &
L n N
om L(OH
o]
28 4 SRI-08-51 1102.32
S
NI 1
Q 0% NH Q‘CN
Do L
5 H
~Ms N0 x
o Ty 7@%
[e} /l</h~\ e
o]
O
29 F SRI-08-64 889.39
SN
b O~
0% NH NTTeN
H
Ho\ﬁo o, N\/&O
H
N/_\N/ﬁl_N N _~0 N
Q/N\) O H N/
HO.
o
30 K SRI-08-62 1018.47
=N
|/
o] NH
O)L\ Q‘CN
H
SNUUEN
HO(’N/j\i/\n_ N\/\/O X °
N
JN 5 H 8 J)
o OHK/NL\(OH
(o]
31 I SRI-08-66 1090 49
=N
I =
HN™ ~0
05O i Q‘CN
i OO 0, N\/&O
N H
OH( N N NP0 RS
T TS v
—
o}
32 Sk\ . Qm SRI-08-27 1193.55
HO(_N - ) o, N\,&o
H
N N N N,(\,O N _~_O N
SCUUR Sa s e Cg
\\g HN. O
~
é
¢
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Table 3. Representative FAP-a Inhibitors

Structure

Code

MW
(g/mol)

DPPIV
ICso

PREP
ICs

FAP
ICs
(M)

FAP
Ki (aM)

33

SRI-07-86

761.39

34

SRI1-08-37

1085.51

1378.19

1202.02

1258.04

1379.51

HOOC—, /\
NN

G J

N N
Hooc— \_/ “—COOH

i /l B O COOH N
Ny N\/\/YLN)\
o

0
Ogy NH k,N\/\,ng%
J .
N

1132.22
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Table 3. Representative FAP-¢ Inhibitors
No Structure Code MW DPPIV PREP FAP FAP
(g/mol) ICso ICs ICs Ki (aM)
(nM)
HOOC, &CN 1249.32

D)
(\N’M cooH ot \/L
HOOCFK,NC) QV\(R\”MMHWO\CF% :
Oy NH o} >

COOH

HOzC_\N/_\N —COH 1176.32
o
HO,C— \—/Nl

N o
Q /I/—( N O Q‘cn
NH [ ]

H
Q N o N\/go
\_7 /o N
F Pz
N

HO,C —\NMN /—COH

7 1026.42

o
3 1138.30
N
N F
Z F
] 07 NH Y CN
P o N A
N W o
S M5 N o]
TN NN =y
(ol )/\W‘H
1% N‘\ o] [e] N/
0, ASNANT
o \\{)

= q 1027.50
i pe
= Q' N o N
: — (" jN .
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Table 3. Representative FAP-¢ Inhibitors
No Structure Code MW DPPIV | PREP | FAP FAP
(g/mol) ICsp ICso ICso Ki (aM)
(nM)
3 1001 49
N OH
=~ o ™~"NTY o (~N
B Ty
4 H K/N—) 4 \’\N Q
< e
HO™ N /’N
.
[//Np 911.03
X o}
o/\/\N HO
0. \(F’\ =
Y\M o N Nj N
oy RS
O HO
OH
& 1056.23
o}
HQ . ) QCN
O(—N 0. N\/go
N N A0 R
aUvRy -
[e] " N\\(O
OH
EXAMPLE 7
Representative FAP-o/PSMA Dual Inhibitors
Representative FAP-0/PSMA dual inhibitors and representative biological data are provided in
5 Table4.
Table 4. FAP-o/PSMA Dual Inhibitors
No Structure Code MW | DPPIV | PREP | FAP | FAP | PSMA | PSMA
(g/mol) ICso ICso ICs0 Ki ICso Ki
M) | M) | (M) (nM)
i el SB-FAP- | 178974 | 1690 | 035 | 179 | 036 | 8316 | 1663
2;_5',,_}‘)& 01 uM uM
n.ll\‘)\q.j_r}n a
P
ii s SB-FAP- | 169071 | 881 058 | 153 | 031 | 9000 [ 18.10
: Huqu_;zgw 02 uM uM
on™ "*:N'\"’("\ﬂﬁ;’?ku o I ]W\CL.,
~ :Jmiua
i Tt SB-FAP- | 186277 | 1838 | 137 | 342 | 068 | 1447 | 289
. (U) 03 uM uM
e 5
= v
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Table 4. FAP-o/PSMA Dual Inhibitors
No Structure Code MW DPPIV | PREP | FAP | FAP | PSMA | PSMA
(g/mol) ICso 1Cs0 ICso Ki ICso0 Ki
M) | (M) | (M) (M)
v CX, e SB-FAP- 1603.60 14.09 0.37 1.84 | 037 471 0.94
oxyo ' SF 06 M M
Nc_(_"‘j . W
Yas H)w ?
AT R0 el 4 -
OH \gH i r
oy oo
v Y 1 SB-FAP- 1502.49 11.67 1.07 065 | 0.13 39.61 792
S 0./~
QT,\N/L.O F“N 07 uM uM
S KS\(» A
. TOL
DE')
;}u*u%w
Vi CY, A SB-FAP- | 2117.79 11.94 2.53 343 | 0.69 N/A N/A
crwfo ()ﬂ 10 M| M
Nemc™y by %eon
#Jﬁxr g
vii SRI-07-31 | 1837.89 5.61 2.73 288 | 058 | 18140 | 36.82
uM uM
viii SB-FAP- 2388.80 4.93 1.27 3.76 0.75 26.62 5133
04 uM uM
s
ix SB-FAP- | 220235 26.97 1.76 467 | 093 23.30 4.66
08 uM M
B, 14 &8
—/\ Br §O%H
mﬁk@‘o ,/) ”Lﬁﬁiﬁﬂéw‘
5
0%
Hoss— 4/
s, |
X p SB-FAP- 3111.98 4.90 2.28 2.92 0.58 18.54 3.71
) L 05 M M
)L _')\; ) L‘N,l ) ol
at W 5
O _ el
oS S’vw&-”‘m.
=0 DY
ehpiean
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Table 4. FAP-o/PSMA Dual Inhibitors
No Structure Code MW DPPIV | PREP | FAP | FAP | PSMA | PSMA
(g/mol) 1Cso 1Cs0 ICsg Ki ICso0 Ki
mM) | M) | (M) (nM)
xi L}\: P v SRI-07-42 1291.39 9.91 11.24 2.23 0.45 471 0.94
ox iy M M M) | (M)
Nc-{j (go '
o N’> Q E [
D)\E,N J')\Pifl\‘ NH
HOLT ukﬁ'é\c‘h"
EXAMPLE 8

Biodistribution '''In-SRI-08-15 and Related Compounds

Tissue biodistribution of '!In-SRI-8-15 and related compounds is provided in Table 5

(n=4, time-point 1h). As provided in Table 5, ''In-SRI-08-15, by virtue of placement of a metal
chelator in the DOTA ring, unexpectedly enables very high uptake in U87 cells. Unlike
['|FJFAPI-74, AI['*F]F chemistry is not used to introduce '*F In contrast, the presently
disclosed compounds are prepared in one step from a trimethylammonium precursor at very high

specific activity.

()
N™ e
! =
NH
0 o” nH " QCN o ? Q‘CN
O N, )\\\
HO N H Q d N/ﬁ O N
(’ N/\"_N NN B (’ N/\ﬂ—N H\/\/o N
{NK/N—) o N N _) o "5 P
© L si0e15 og(o HK/N on N
© o SRI-08-62
F
.
=N
Y EE
=
Q7 "NH Q‘CN H ° D‘CN

HN
QO w N
o
I ~ OH o NAy
N H
j\H,( N z N0 B
e} N _) 0 Q p
\\/Q N

SRI-08-66

Ho\fo o N\/go
Doty 00
&,N\) or' e N
HO,
\g/‘ SRI-08-64
HO

Table 5. Biodistribution '''In-SRI-08-15 and Related Compounds

"In-SRI-08-64 | '"In-SRI-08-62 | "In-SRI-08-66 | ''In-SRI-08-15
Blood 17.14+3 .58 7.37£1.24 9.89+0.93 4234047
Heart 5.85:4].58 2.99+0.23 3.63+0.30 1.69+0.08
Lung 10.11+4.23 4.47+0.66 5.76+0.46 3.4140.15
Liver 10.40+2 46 3.40+0.39 3.47£0.76 3.41£0.12
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Stomach 3.0020.71 1.7440.07 1.78+0.27 1.550.12
Pancreas 12.601.66 9.00+1.56 5.99+2.32 5.84+0.75
Spleen 4.5341.60 2.33£0.72 2.3040.36 1.38+0.09
Fat 0.980.46 0.67+0.06 0.65+0.08 0.63%0 08
Kidney 7.8220.96 3.26+0.33 4.17+0.42 2.66+0.11
Muscle 2.4840.51 2.29+0.28 1.95+0.31 2.530.14
Sm Intest 7.1342.60 5.58+0.93 5.64+0.49 3.8420 60
Salivary 10.45+4.40 8.16+1.09 7.26+0.67 9.42+0.63
Lacrimal 8.98+3 46 5.7120.76 4.63+0.38 5.57+0 91
Bladder 5.0141.98 25040 67 7.26+5 86 6.78+2 45
Bone 5.79+1.98 5.29+1.18 4.58+0.51 6.45+0 39

15
EXAMPLE 9
Biodistribution of Representative Compounds
HOOC, FF HOOC, FF
et R A L
&N\)N\)LN o N\/go oo <\,\,\_)N\))\N | e H\/go
COOH K/N\/\/O\C% COCH K/N\/\/N\c%
FAPI-04 ¥ : FAPI-46 ‘
O
H[N—’> OH N’>
oi/N N I s OJ\/N N e N
E5% o L 0
I Oy NH o N% OsNH
k/N\/\/O\ : ;\ N\/\/O\E:E\’j
N/ N/
20 FAPI-74 - and Sri-07-86
¢
OY\H (o} 7 NN
el ”(‘L { { den
L

84Cu-Sri-06-98
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Head-to-head biodistribution study (%ID/g) (n=5/group). Dose 20 uCi. **Cu-Sri-07-86
and %*Cu-FAPI-74 at 1 h time-point. Note ®*Cu-FAPI-04 contains a DOTA group still showed
low liver uptake, most likely related to the piperazine group next to DOTA, acting as a co-ligand.

The DOTA chelated compound exhibited >10%ID/g liver uptake.

“Cu-FAPI-04
4Cu-Sri-07-86 | “Cu-FAPI-74
(n=3)
Blood 2.5440.90 2.48+0.87 3.43+£0.86
Heart 1.04+0.28 1.16+0.28 1.8540.46
Lung 2.0240.93 2.4840.64 3.03+0.76
Liver 1.97+0.36 1.6940.83 2.56+0.85
Stomach 1.26+0.45 1.29+40.45 2.02+0.77
Pancreas 1.89+40.57 2.0941.12 2.3540.72
Spleen 1.1340.42 1.2340.41 1.46+0.58
Fat 0.31+0.08 0.4840.43 0.56%0.10
Kidney 4.00+1.28 3.834+2.31 2.7940.46
Muscle 1.65+1.10 2.05+0.84 2.16+0.58
Small Intestine 3.15+1.34 3.80+2.06 3.18+0.77
Salivary Gland 2.77+0.53 4.4240.55 10.08+2.00
Lacrimal gland 3.5342.93 5.1741.51 9.26+4 .86
Bladder 5.55+4 .26 3.51+0.30 6.38+1.44
Bone 2.84+0.83 7.94+0.78 7.51+2.99
Us7 6.55+1.41 11.42+1.11 9.53+2.09
Tumor ¢4Cu-Sri-07-
¢Cu-FAPI-74 ¢Cu-FAPI-04
weight 86

0.41 0.46 0.05

0.46 0.18 0.03

0.35 0.43 0.04
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041 0.12
0.39 0.71
Average
0.40+0.04 0.38+0.24 0.04+0.01
wt £ StDev
/N H o)
S O\/\/
O. N~ O N
" 7\]/\H - / N'\N
e p {Hon
H
N 0 - N\/&O

OHE H
o&l\/N N\)\N N O A
H
o P
N

64Cu-Sri-06-98

Compound Name: #Cu-Sri-06-98. Dose:200 uCi, n=3 per group. Note the position of triazole

group and liver uptake.

2h
+10 nmol Sri-06-
2h 98 4h

Blood

Heart 3.70+£0.22 0.1740.01 2.40+0.12
Lung 2.6240.11 0.49£0.01 2.04£0.10
Liver 2.80+0.31 0.6840.16 2.68+0.08
Stomach 2.09+1.00 0.31+0.02 1.60+0.36
Pancreas 4.59+2 38 0.21+0.04 4.544+0.62
Spleen 1.51+0.14 0.2540.01 1.14+0.16
Fat 0.47+£0.02 0.07+0.02 0.50+0.12
Kidney 2.00+0.52 1.57+0.00 1.67+0.03
Muscle 2.46+0.20 0.0940.02 2.13+0.14
Small Intestine 2.97+0.33 0.5440.08 2691042
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2h

2h

+10 nmol Sri-06-

98

4h

Salivary Glands

8.88x1.37

0.34+0.02

5.924+0.57

Lacrimal Gland

5.07+2.20

0.16+0.02

4.54+0.44

Bladder

1.63+0.23

5.61+7.96

5.56£1.53

Bone

2.91%0.36

0.5920.65

2.691+0.14

U87

tumor weight

$4Cu-Sri-06-98
0.1644
0.1942
0.2037
0.1172
0.044
0.1097
0.1556
0.2547

0.25+0.17
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Srl-07-05 NN N~ N ,) sl
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Compound Name: #Cu-SRI-06-57, **Cu-FAPI-04, “*Cu-07-56 and $4Cu-07-05
Dose:20 uCi, n=3 per group, Tumor model: U87 in NSG mice. Note the position of the triazole

group and DOTA.
Group 2 ¢“4Cu-Sr-
$4Cu-Sri07- | **Cu-Sri-
4Cu-SRI- | *Cu- 07-05
56 Control | 07-56 G2
06-57 | FAPI-04 Control
(DOTAGA) | (DOTAGA)
G3 (DOTA)
Blood | 2294017 | 343+086| 9731142| 2104029 | 846087
Heart | 158+0.17 | 1854046 | 53140.65| 18740.15| 4864275
Lung | 2712040 | 3.0320.76| 6.95-1.11| 4.15+0.14| 831294
Liver | 4274053 | 2.56+0.85 | 13.25-140| 801134 996+143
Stomach | 2174012 | 2024077 | 3.99+032| 440%017| 5634203
Pancreas | 1024072 | 2354072 | 10154085 | 265+006| 5324297
Spleen | 183014 | 146058 | 3.60£037| 2.09+0.23 | 321153
Fat 1034039 | 056+0.10| 098+028| 03340.05| 037+0.15
Muscle | 1524020 | 2.79+0.46 | 218=0.11| 116£022| 170£0.79
Kidney | 9.05£0.88 | 2.1620.58 | 4542051 | 475145 4.99+1.40
Sm. L
Intest. | 301£0.08 | 3.18£0.77| 8.08+1.61 | 5932098 | 8.58+220 | 8854255
Salivary | 4.64+026 | 10.0852.00 | 7.9220.81 | 401+046| 5165199 | 7402015
Lacrimal | 3324036 | 926+486| 801-150| 227+074| 467+1.78 I
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Group 2 4Cu-Sr-
$4Cu-Sri07- | %Cu-Sri-
64Cu-SRI- 84Cu- 07-05
56 Control 07-56 G2
06-57 FAPI-04 Control
(DOTAGA) | (DOTAGA)
G3 (DOTA)
Bladder 6.81+3.65 | 6.38+1.44 1.43+0.41 1.81+0.37 | 14.26+8.93
Bone 332+£0.74 | 7.51+£2.99 3.83+£0.13 4901053 | 4.02+1.17
Us87 7.79£1.12 | 9.53£2.09 4.01+0.84 9.23+1.57 343i092}_
Tumor weight: |
Group 2 “4Cu-07-56 “Cu-07-05 Group 2
#“Cu-SRI- | “Cu-FAPI- Control #Cu-07-56 G2 Control “Cu-07-05 G2 $4Cu-SRI-
06-57 04 (DOTAGA) | (DOTAGA (DOTA) (DOTA) 06-57 Cu-FAPI-04
0.05 0.05 0.03 0.05 007 0.18 0.11 028
0.05 0.03 0.06 0.07 0.02 028 0.09 0.01
0.05 0.04 0.08 0.03 0.02 0.16 0.06 0.02
0.05+0.00 0.04+0.01 0.0620.02 0.05z0.01 0.0420.02 0.2140.05 0.0940.02 0.10-0.12
O:SOH
025
o) HN—\g\ k/N\_<OH
o]
& O :
N\N ,N/\/O\/\O/\/O\/\O/\/O\/\O/\)LN N/\/\)J\:\:.»-‘ R
H o H :\ :

$4Cu SRI-07-31

Dose:20 uCi, n=3 at | h and n=4 at 2 and 4 h per group, Tumor model: SK-MEL-24 in NSG

mice

Animal #: 1h 2h 4h

Blood 9.73+£0.29 | 6.36+0.89 | 3.29+0.07
Heart 436+0.23 | 2.9240.27 | 1.87+0.26
Lung 730+1.16 | 5.76+0.57 | 4.55+0.51
Liver 5.30+0.77 | 5.8240.72 | 6.03£1.00
Stomach 3.29+41.04 | 3.20+£0.85| 2.2340.58
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Tumor weight:

== O o}
N P .
N/N \/\O/\/O\/\O/\)J\H H NN

SB-FAP-2

150

HN{ L

O

PCT/US2022/023374

Panc 9.98+0.99 | 6.66:0.38 | 4.48+0.88
Spleen 3.0610.46 | 2.56:0.40 | 2.69+0.44
Fat 0.80£0.31 | 0.91+0.83 | 0.49+0.14
Kidney 8.08+148 | 8.05+127 | 7.26+3.43
Muscle 2.9940.18 | 2244042 | 1.3240.22
Sm in 6.5240.85 | 5.44+152 | 3.54%0.57
Sal gl 12.6042.46 | 9.121.51+ | 4.4710.89
Lac gl 9.20£1.74 | 7.0042223.01£1.94
Bladder 3.5340.52 | 4.76+2.68 | 4.63£1.72
Bone 6.0040.27 | 5.61%1.73 | 3.4240.92
SKMEL24 1325132 | 12.48+1.03 | 9.82+3.39

'1h  [2h [ 4h

005 002 019

007 021 016

1003 004 016

| 006 0.13

005 008 016

O:SOH
r\

O

NN—7 OH
\_<o

\\
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Tissue biodistribution data of ®*Cu-Sri-06-57 (SB-FAP-2) and **Cu-FAPI-04 in male NSG mice
bearing U87 xenografts on the upper flank (Data are % ID/g, expressed as mean + SD) (n = 3-4)
at2h.

%4Cu-FP-L1
Group 3 %4Cu-FAPI-04
Blood 1.87+0.24 3.43+1.06
Heart 1.36+0.28 1.85+0.56
Lung 2.80+0.68 3.03+0.93
Liver 4.05+0.53 2.56+1.04
Stomach 1.89+0.10 2.0240.94
Pancreas 0.99+0.18 2.35+0.88
Spleen 1.39+0.10 1.46+0.71
Fat 0.35+0.20 0.56+0.12
Muscle 1.11£0.23 2.79+0.56
Kidney 7.26+2.83 2.16+0.71
Sm. Intestine 2.32+0.79 3.18+0.95
Salivary glands 3.10+0.51 10.08+2.45
Lacrimal glands 4 74+1.57 9.26+5.95
Bladder 6.16+4 37 6.38+1.76
Bone 2.02+0.79 7.51£3.66
us7 10.83+1.02 9.53+2.55

5  Tissue biodistribution data of ®*Cu-Sri-06-57 (SB-FAP-2), n=3-4

1h
block+ 2 h Nude
1h 2h (n=4) ) 4h 24h
10 nmol mice (n=4)
FAPI-04
Blood 10.1243.23 | 1.38+0.19 | 9934213 | 6.50+1.05| 3.91+0.73 | 0.91+023
Heart 3.4242.73 | 0.94£035 | 4.62+0.68 | 2.77+£0.25 | 2.13+£0.17 | 1.19+034
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Lung 5.32+1.42| 2.63+0.27 | 5.65t1.54 | 4.37£0.48 | 3.31£0.26 | 2.07+0.40
Liver 535043 | 6.19£1.06 | 6.15£0.65 | 4.16+0.66 | 5.52+039 | 421+1.00
Stomach 2.51+0.25 | 1.96+0.07 | 2.19+0.33 | 2.02+0.22 | 2.02+0.30 | 1.2710.14
Pancreas 7.17+1.19| 1.01+0.10 | 598+0.58 | 5.04+0.36 | 3.19+0.11 | 0.72+0.15
Spleen 2.20+0.54 | 1.55+0.07 | 2.68+0.62 | 1.88+0.35| 2.05+0.13 | 1.67+032
Fat 0.77£0.12 | 0.31£0.04 | 0.66+0.52 | 0.86+0.03 | 0.53+£0.10 | 0.23%+0.10
Kidney 21.5845.33 | 6.0940.18 | 26.85+£7.39 | 11.661£0.95 | 16.5742.68 | 2.45+0.32
Muscle 2.2940.08 | 0.38£0.05 | 2.10+0.13 | 1.80+0.26 | 1.08£0.10 | 0.23+0.04
Sm.in 422+1.78 | 3.00£0.22 | 6.12+191 | 4.33£1.13 | 426033 | 2.16+0.29
Sal.gl 12.014£3.62 | 2.00£0.19 | 8.96+1.47 | 5.60+0.94 | 4.80+082| 0.92+0.14
Lac.gl 547+4.13 | 148+045 | 8.11+124| 544+0.78 | 3.72+0.72 | 0.8710.14
Bladder 2.41+0.62 | 1.2240.15 | 2.68+0.83 | 1.80£0.24 | 1.72+0.33 | 0.57+0.13
Bone 4.1740.13 | 0.72£0.08 | 536+1.89 | 3.51+045| 2.39£037 | 0.48%0.08
Tumor 12.041£2.39 | 437+0.70 | 14.65+3.68 | 7.25+1.24 | 13.81+1.78 | 3.25%+0.05

Tumor size (NSG mice, U87 tumor)
1h 1h 2h 4h 24h
block
031 0.57 0.51 0.52 0.52
0.44 043 0.24 0.46 0.38
0.52 0.23 021 011 0.54
0.37
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SB-FAP-1

Biodistribution study using ¥Co-SB-FAP-01 (DOTA) AT 2 h (n=4), NCA. In MB-MDA-231

NSG mice (U87 tumors were not available), dose: ~10 pCi.

PCT/US2022/023374

.
X f
HO,C"A°N CO,H

HH ”Ifi

2h %ID/g (block) Atlh |
(N=4) 2h %ID/g | (FAPI-04)30 nmol | nude mice SB-FAP-2
Blood 3.0520.35 0.3020.05 8.4720.16 |
Heart 125008 0.1620.02 3.4620.07 |
Lung 24120 24 0.48+0.04 5.1620.04
Liver 1.6720 31 0.33£0.02 6.74£0.16
Stomach 2,050 46 0.20=0.01 2.72%0 30
Pancreas 4.47+0.36 0.2240.03 4.95+0.24
Spleen 220045 0.6320.10 238004 |
Fat 0.95£0.26 142003 0612031 |
Kidney 413625 68 20.04=2 26 12142139 |
Muscle 231023 0.08-0.02 159007 |
Small Intestine | 1.6520 32 0.2220.06 6.6010 82 |
Salivary gland 5.18+0.53 0.30+0.04 7.75+0.99 '
Lactimal gland | 5.41+0.74 0222016 661123 |
Bladder 4,861 55 1.620.66 1.820.26 |
Bone 4960 43 0.2320.04 3342032 |
MDA-MB-231 | 855356 0.5120.06 3.60£0.32 |
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| \) MO(,’\P\J/\’J.W " lL . . n . j,
0>‘k s O>A \OH {\V'Nk/‘) 2"“( H \/\U - \/\Or o f\/Lr‘\\J
Hof W ?‘ B 1 ’r:] O 5 L‘{OH KN, O
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Vi / Q o] e
EE R oH i |
on ‘,_\‘( SRi-08-15 Nﬁ' SRI-08-27
AN N
NP A H
N A e
=0 5 O\\{AN)“:O ’}N 0‘_
NCwy ™™ - #~0H
S Nc-x\ > i »)‘N,, N
SRI.08-35 N-j H\OF SRI07-56 | £ \I/ ' g‘ ~ u/\« HO
& 7 e '
(’\.cu
N O ~N}:D
@ i*‘o OTHN—'
b S Ay wo (7 IO
O:i/\nf‘ﬁy N _\,4 o™ T JO"\\L},\—N
VLN \N /Ho o N N
= g FAPIT4
- Sri-08-35 Sri-08-27 Sri-07-56
Blood 3 15.40+£1.08 | 12.65+2.31 | 20.47+8.29
Heart 7.04+£0.93 5.39+1.11 7.16£3.22
Lung 9.40+1.61 7.76+1.31 | 10.70+4.41
Liver 6.13£0.67 | 5.15+0.75 | 6.87+2.54
Stomach » 2.17+0.30 1.83+0.66 | 3.73+1.63
Pancreas 10.46+2.88 | 7.204£3.00 | 10.62+£3.62
Spleen il 3.08£027 | 2.594049 | 421+1.74
Fat 21 | 0.56+0.20 | 0.45+0.16 | 0.49+0.23
Kidney 5.47+0.73 3.98+0.66 | 5.16+2.02
Muscle 1.94+0.74 1.55+0.43 | 2.06+0.95
Sm
Intest 8.20+2.20 | 6.28+2.63 | 9.55+3 91
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Sri-08-35 | Sri-08-27 | Sri-07-56
Saliv.
Gland 7.49£1.17 | 6.40£130 | 7.59£3.44
Lacrim
Gland 527+1.52 | 4.62+1.02 | 4.32+1.56
Bladder 1594032 | 1.1840.13 | 7.1443 21
Bone 375043 | 2834036 | 4.47+1.71
Us87 7.84£195 | 6.56+1.76 | 5.67+2.42

EXAMPLE 10
Synthesis of FAP-triamine Compounds
FAP-tri-amine
&cN st Boc . QCN

Boc
N

N
H . :
: o, N\/&o KI, DMF,35 °C, 4 day (\N‘> o, N\/&o
+ _—

NH
NH Cla~_0O N N ~O SN
[— P P
N N

i 3 o Q
N= O
(4 equlv),
]

ProNEt (5 equiv)

DMF, i, 24 h
{ - { X en
N TCN BRI Ecc 5 H N
a1 Ay o H\/J%o TFA/IDCM 50% Q (N\ —N) . Ao
NLJN\/\/O k. o (AR e =
e, ) 2 \ l{l N/
N L
F F
%
1)DOTA-mono-NHS-tris(t-bu) ester HOLC
— | 'ProNEt, DMF, rt, 4 h 2 j
- 2
\ | H02C¥(\ N/\
t-BUOLC. (\ NI\ ) N N—
N N— \_N \) COH
k_ \) COst-Bu
N seeg & oj) O‘CN
oj) Q i TFADCM 50% (\N_) H\/Lo
H Q
o (N\N‘> oMo o x
L IN~0 SN iy 2
= A\ N
[/ N/ p
Nty F I
F Ly AT
EXAMPLE 11

Introduction of DOTA Chelator of Lysine
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Additional Introduction of DOTA chelator of lysine.

PCT/US2022/023374

t—Bquc\
N COogBu
+BUOC N
R ST
~Boc 1)DOTA-mono-NHS-iris (-by) ester
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Fmoc\N/\/\/'\fo Fmoc\N/\/\/\fo A i 1o ™ H
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H oH H B O e 4
. 2 H . OH
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EXAMPLE 12

Sc-1¥F Labeled FAPI

Below is a scheme for the Sc-'°F labeled FAPI and representative compounds.
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Examples of Sc-18F-labelled FAPI

PCT/US2022/023374

"Cold" synthesis

9 o N
(NH En‘oWok KGOy NH - HN,
N

h o0 sl I
Ch o A
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A(O
N i 0)( 3 o %
N
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e P I\ 0—<~ e
K2C03 N HN, K2CO3 N NN
G2 LS
[ N

. T Sepp

4 H
N
- HN/\ 0, N\/go
=\ o—<-
o 1) k/N\/\/O Ry 2-step synthesis
—_— N, ) see patent below
o) .
N
2) TFA

main intermeadiate (o]
see Chem. Sci, 2020, 11, 333 o]
4
N
. OH
NN

Compound 8 is commercially available

WO A1 7RG 61 POT/EP2019/132932
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Although the foregoing subject matter has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be understood by those
skilled in the art that certain changes and modifications can be practiced within the scope of the

appended claims.
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THAT WHICH IS CLAIMED:
1y A compound of Formula (I):
¢
Le
A-La—l—Lb-B (1);
wherein:

A is a targeting moiety for fibroblast activation protein alpha (FAP-a);

B is a targeting moiety for prostate-specific membrane antigen (PSMA) or a targeting
moiety for FAP-a, wherein if A and B are each a targeting moiety for FAP-q, they can be the
same or different;

C is any optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, positron emission tomography (PET) imaging, single-photon emission
computed tomography (SPECT) imaging, or radiotherapy; and

La, Ly, and L are each a bi-functionalized linker capable of forming a chemical bond

with each other and A, B, and C, respectively.

2. The compound of claim 1, wherein A is or A and B are each an FAP-q targeting
moiety having the structure of’

y(R1x) (R2x)y

y(RBx'|)_| N~ (Raxy
OT N\(go

Rex (A%,

wherein each y is independently an integer selected from the group consisting of 0, 1, and

Rix, Rax, and Rsy, are each independently selected from the group consisting of H, OH,
halogen, Cisalkyl, -O-Ci-salkyl, and -S-Ci-alkyl;

Rix is selected from the group consisting of H, -CN, -B(OH)z, -C(0O)alkyl, -C(O)aryl-, -
C=C-C(O)aryl, -C=C-S(O)aaryl, -CO2H, -SOsH, -SO2NH2, -PO3Hz, and 5-tetrazolyl;
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Rux is selected from the group consisting of H, straight-chain or branched Ci-6 alkyl, -
{CHz)gs-aryl, and hydroxyl-substituted straight-chain or branched Ci-s alkyl, wherein g4 is an
integer selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

Rsx, Rex, and R7x are each independently selected from the group consisting of H, -OH,
oxo, halogen, -Cisalkyl, -O-Cisalkyl, -S-Cisalkyl, -NRsxRox, -OR12x, -Hetz and -Ars; each of Ci.
salkyl being optionally substituted with from 1 to 3 substituents selected from -OH and halogen;

Rsx, Rox, and Ruax are each independently selected from the group consisting of H, -OH,
halo, -Ci.salkyl, -O-Ci.calkyl, -S-Ci.salkyl, and -Ars;

Ruox, Riix, Ri3x and Riux are each independently selected from the group consisting of H, -
OH, halogen, -Ci-salkyl, -O-Cisalkyl, and -S-Cisalkyl; Ari, Ara and Ars are each independently
a 5- or 6-membered aromatic monocycle optionally comprising 1 or 2 heteroatoms selected from
O, N and S; each of Ari, Arz2 and Ars being optionally and independently substituted with from 1
to 3 substituents selected from -NRioxR11x, -Cisalkyl, -O-Cisalkyl, and -S-Cialkyl;

Hetz 1s a 5- or 6-membered non-aromatic monocycle optionally comprising 1 or 2
heteroatoms selected from O, N and S; Hetz being optionally substituted with from 1 to 3
substituents selected from -NRi3xR14x, -C16alkyl, -O-Crsalkyl, and -S-Cisalkyl;

DN

represents a 5 to 10-membered N-containing aromatic or non-aromatic mono- or bicyclic

vis 0, 1,2, or 3; and

heterocycle, said heterocycle optionally further comprising 1, 2 or 3 heteroatoms selected from

O, Nand S;

wherein § indicates a point of attachment of the FAP-o binding ligand to the linker,
Ls, wherein the point of attachment can be through any of the carbon atoms of the 5 to 10-
membered N-containing aromatic or non-aromatic mono- or bicyclic heterocycle thereof;

and stereoisomers and pharmaceutically acceptable salts thereof.

3. The compound of 2, wherein Rux is selected from the group consisting of H, -CHs,

-CHz-phenyl, -CH(CH3)2, -CH2-OH, and -CH(OH)CH3s.
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4. The compound of claim 2, wherein O\* is selected from the group

consisting of’

i

IN
IN
N

%{ o
A

e
%

wherein * indicates the point of attachment of the 5 to 10-membered N-containing

aromatic or non-aromatic mono- or bicyclic heterocycle to (CH2)—.

5. The compound of claim 2, wherein A is or A and B are each an FAP-q targeting

moiety having the structure of:

y(R1x) (RZX)y

(Rae) Czn
y XH N
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wherein § indicates a point of attachment of the FAP-o binding ligand to the linker,
L3, wherein the point of attachment can be through any of carbon atoms 5, 6, 7, or 8 of the

quinolinyl ring thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

6. The compound of claim 5, wherein A is or A and B are each selected from the

group consisting of’

y(R1x) (R2x)y y(R1x) (R2x)y y(R1x) (RZx)y
R3x) C: R3x) C: R3x) C:
7. The compound of claim 6, wherein A is or A and B are each selected from the

group consisting of:

FF FF FF

> Zicw h

D DB

and stereoisomers thereof.

C\N C:N

8. The compound of claim 6, wherein A is or A and B are each selected from the

group consisting of’

D &C\N (-

N Can
] (C% (IJ
N A1
N
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The compound of claim 1, wherein A is or A and B are each an FAP-o targeting

91
moiety having the structure of:
NG O
O

wherein:
X1 and X» are each independently H or F; and
Risx is selected from the group consisting of H, Ci- alkyl, halogen,

trihalomethoxyl, Ci.6 alkoxyl, and 4-methoxyphenyl.

The compound of claim 1, wherein A is or A and B are each an FAP-a targeting

10.
moiety having the structure of:
F

F
O
i o " I/N H

N )

The compound of claim 1, wherein B is a targeting moiety for FAP-a having the

~

11.

following structure:
/<"®’—>=O
HN
- —

The compound of claim 1, wherein B is a targeting moiety for PSMA having the

12.

following structure:
)R
Cc g\l’ g
s
= CO,Q

wherein:

200



WO 2022/212958 PCT/US2022/023374

Z is tetrazole or CO2Q;

Q is H or a protecting group;

q1 is an integer selected from the group consisting of 1, 2, 3, 4, and 5;

qz is an integer from selected from O or 1; and

Ry is independently H or -(CHz)q3-Ry1, wherein g3 is an integer selected from the
group consisting of 0, 1, 2, 3, 4, 5, and 6 and Ry is selected from the group consisting of

substituted aryl, substituted pyridine, and unsubstituted isoquinoline;

13, The compound of claim 12, wherein B is a PSMA targeting moiety having the

following structure:

0]
N,Ry \HLN,RV
CO,H CO,H
2.0 e
HO,C”A"N” "N’z CO.H HO,C”A"N™ "N”="CO,H
“HHy HA 2 o 8y HA 2 |
14, The compound of claim 13, wherein Ry is selected from the group consisting of’

X X A
FR<Nee
N SN ‘

wherein X is independently selected from the group consisting of Br, "°Br, "°Br, ""Br, **Br, ¥Br,

1 1241 1231 1251 1311 At and ZUAt.

15. The compound of any of claims 1-14, wherein La, Lb, and Lc are each individually

selected from the group consisting of (a), (b), (c), or (d):

RI| o | [Re R }
N Tz Wi
Vil N W
pq| ! Pa
2 2

(a) )
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wherein:
p1, P2, p3 and ps may be in any order;,

t1 and t2 are each an integer selected from the group consisting of 0, 1, 2, 3,4, 5,6, 7, and

p1, p3, and p4 are each independently O or 1;

pz is an integer selected from the group consisting of 0, 1, 2, and 3, and when p2is 2 or 3,
each R is the same or different;

m1 and mz are each an integer independently selected from the group consisting of 0, 1, 2,
3,4,5,6,7and 8;

Wi is selected from the group consisting of a bond, —S—, —C(=0)-, —C(=0)-NR—, and —
NR-C(=0)-;

W2is selected from the group consisting of a bond, -S-, -CH2-C(=0)-NR-, -C(=0)-, -
NRC(=0)-, -NR'C(=0)NR-, -NRC(=S)NR'2—, -NRC(=0)O-, -OC(=O)NR-, -OC(=0)-, —
C(=O)NR-, -NR-C(=0)-, -C(=0)O—-, (O—CH:—CH2)q— and (CH2-CH3-O)q, wherein q is
selected from the group consisting of 1, 2,3, 4, 5,6, 7, and 8,

each R or R'is independently H, alkyl, substituted alkyl, ¢ ycloalkyl, substituted
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, and —OR4, wherein Ra is selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted
heterocycloalkyl, wherein q is defined as immediately hereinabove;

Tz is a triazole group that can be present or absent and, if present, is selected from the

N/\

I \2\/N
group consisting of \(

each R1 is independently H, C1-Cs alkyl, C3-C12 aryl, -(CH2)¢-C3-Ci2 aryl, -Cs-Cis
alkylaryl, or -(CHz2)q-C4-C16 alkylaryl; R2 and R3 are each independently H and -CO2Rs, wherein
Rsis selected from the group consisting of H, C1-Cs alkyl, C3-Ci12 aryl, and Ci-Cis alkylaryl,
wherein when one of Rz or Rz is CO2Rs, then the other is H;

V is selected from the group consisting of —C(O)—, -C(S)-, -NRC(O)-, -NRC(S)—, and -
0C(0)-;
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H\[ RIT O TRz Rs

2 T

[V b ’\ll sz2 my
; R1 R P3

(b) P2

wherein p1, p2, p3, mi, mz, Tz, W2, R, Ry, R2, R3, and V are defined as hereinabove;

() -Li-, -L2-Ls-, or -L1-L2-L3-, wherein:

L1 is -NR-(CHz2)q-{O-CH2-CH2-0]q-(CH2)-C(=0)-;

L1 is -NR-(CH2)q-C(COOR5)-NR-; and

L3 is -(0O=)C-(CHa2)q-C(=0)-;
wherein each q is independently an integer selected from the group consisting of 1,2, 3,4, 5, 6,
7, and 8; and R and Rs are as defined hereinabove; and

(d)  -(CReH)q-(CH2)q-C(=0)-NR-(CH2)q-O- or -NR-(CH2)q-O-; wherein each q and R
is defined hereinabove; and Re is H or -COORS.

16. The compound of any of claims 1-15, wherein one or more of La, Lb, and L is

selected from the group consisting of:
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R R
0O
N LA
%'}' N N
0O R

/\l‘\lJ\l?l I?IJJ\M?\ ; and f(r?lJJ\rlxl I?IXMU)\ ;
as R R R R R R

wherein u is an integer selected from 1, 2, 3, 4, 5, 6, 7, and 8; and R and Rs are as defined
hereinabove.

17. The compound of claim 1, wherein C is a radiolabeled prosthetic group

comprising a radioisotope selected from the group consisting of '*F, 1241 25T 1311 and 2!!At.

204



WO 2022/212958 PCT/US2022/023374

18. The compound of claim 16, wherein the radiolabeled prosthetic group is selected

from the group consisting of:

X T\\ o )ﬁ\j\(ﬁj\
;(HE';:; X’Hr?f_ Z . Nz N}‘_

N
£ : : n & no&
X
R. _ o ; and = \N—g
TR. NR A E X/L\)n\/‘w

wherein each X is independently a radioisotope selected from the group consisting of '*F, 121,
1251 1311 and 2! At; each R and R’ is defined hereinabove; and each n is independently an integer
selected from the group consisting of 0, 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, and 20.

19. The compound of claim 18, wherein the radiolabeled prosthetic group is selected

from the group consisting of:

18,

. (0] 0
| '8F 18F’H\ N}l 2 N}?‘
’f\H’B\ ; n;; H | K 5
n 18F 18F 18F N/
O 0O O
/@)‘\N}"z /@)LN}L /@)‘\N}"z
H ] H g H b
124) 125) 131)
(0]
_N _N >,
N=" N=
N N
M = ; /(,\)\/l{l\/)_g ; and /©)kH
(Lot = 1BET 2N At

20. The compound of claim 1, wherein C comprises a chelating agent.

21.  The compound of claim 20, wherein the chelating agent is selected from the group

consisting of DOTAGA (1,4,7,10-tetraazacyclododececane, 1-(glutaric acid)-4,7,10-triacetic
acid), DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid), DOTASA (1,4,7,10-

2727
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tetraazacyclododecane-1-(2-succinic acid)-4,7,10-triacetic acid), CB-DO2A (10-
bis(carboxymethyl)-1,4,7,10-tetraazabicyclo[5.5.2Jtetradecane), DEPA (7-[2-(Bis-
carboxymethylamino)-ethyl]-4,10-bis-carboxymethyl-1,4,7,10-tetraaza-cyclododec-1-yl-acetic
acid)), 3p-C-DEPA (2-[(carboxymethyl)][5-(4-nitrophenyl-1-[4,7,10-tris(carboxymethyl)-
1,4,7,10-tetraazacyclododecan- 1-yl]Jpentan-2-yl)amino]acetic acid)), TCMC (2-(4-
isothiocyanotobenzyl)-1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamonyl methyl)-cyclododecane),
0x0-DO3A (1-oxa-4,7,10-triazacyclododecane-5-S-(4-isothiocyanatobenzyl)-4,7, 10-triacetic
acid), p-NH2-Bn-Ox0-DO3A (1-Oxa-4,7,10-tetraazacyclododecane-5-S-(4-aminobenzyl)-4,7,10-
triacetic acid), TE2A ((1,8-N,N'-bis-(carboxymethyl)-1,4,8,11-tetraazacyclotetradecane), MM-
TE2A, DM-TE2A, CB-TE2A (4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane), CB-TE1A1P (4,8,11-tetraazacyclotetradecane-1-
(methanephosphonic acid)-8-(methanecarboxylic acid), CB-TE2P (1,4,8,11-
tetraazacyclotetradecane-1,8-bis(methanephosphonic acid), TETA (1,4,8,11-
tetraazacyclotetradecane-1,4,8,11-tetraacetic acid), NOTA (1,4,7-triazacyclononane-N,N',N"-
triacetic acid), NODA (1,4,7-triazacyclononane-1,4-diacetate); NODAGA (1,4,7-
triazacyclononane, 1-glutaric acid-4,7-acetic acid), (NOTAGA) 1,4,7-triazonane-1,4-diyl)diacetic
acid DFO (Desferoxamine), NETA ([4-[2-(bis-carboxymethylamino)-ethyl]-7-carboxymethl-
[1,4,7]triazonan-1-yl}-acetic acid), TACN-TM (N,N',N"| tris(2-mercaptoethyl)-1,4,7-
triazacyclononane), Diamsar (1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo(6,6,6)eicosane,
3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane-1,8-diamine), Sarar (1-N-(4-aminobenzyl)-3,
6,10,13,16,19-hexaazabicyclo[6.6.6] eicosane-1,8-diamine), AmBaSar (4-((8-amino-
3,6,10,13,16,19-hexaazabicyclo [6.6.6] icosane-1-ylamino) methyl) benzoic acid), and BaBaSar.

22, The compound of claim 20, wherein the chelating agent is selected from the group

consisting of:
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O o)
‘71: N)\ N/\}a{
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CO,H N._COH N__CO,H
N N N—\
CO,H (  CcouH ( CoH
co, CO,H CO,
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N/\)J\N}\ CO.H COZH
H H r
[N ﬂ 0N )\\# ~ OO
N—\ \; N -—\
(  copH Co2 CO,H
CO,H A COZH . COZH
CO,H )COZH o
HO,C” N % HO.C N/\ CO.H

CO,H CO.H
CO,H CO,H COH :
Q ,\:|7_|"~ <C02H
CO,H CO2H CO,H
HN ( N/\l COH
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23. The compound of any one of claims 20-22, wherein the chelating agent further

comprises a radiometal.

24, The compound of claim 23, wherein the radiometal is selected from the group
consisting of *°Cu, %2Cu, **Cu, ¢’Cu, 2°°Pb, 212Pb, °Ac, ""Lu, *"T¢, %Ga, ¥Tb, ¥Y, Y, !n,

186Re, lSSRe, 153Sm’ SQZr, 213Bi, 212Bi, 212Pb, 67Ga, -’17Sc, and 166H0.

25. The compound of claim 1, wherein C comprises an optical dye.
26. The compound of claim 25, wherein the optical dye comprises a fluorescent dye.
27.  The compound of claim 26, wherein the fluorescent dye comprises a fluorescent

dye that emits in the near infrared spectral region.

28.  The compound of claim 26, wherein the fluorescent dye is selected from the
group consisting of a polymethine dye, a coumarin dye, a xanthene dye, and a boron-

dipyrromethene (BODIPY) dye.

29.  The compound of claim 28, wherein the polymethine dye is selected from the
group consisting of a carbocyanine dye, an indocarbocyanine dye, an oxacarbocyanine dye, a

thiacarbocyanine dye, and a merocyanine dye.

30. The compound of claim 28, wherein the xanthene dye is selected from the group

consisting of a fluorescein dye and a coumarin dye.

31 The compound of claim 26, wherein the fluorescent dye is selected from the
group consisting of’

BODIPY FL, BODIPY R6G, BODIPY TR, BODIPY TMR, BODIPY 493/503, BODIPY
530/550, BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591 BODIPY
630/650, and BODIPY 650/665;

Cy3, Cy3.5, Cy5, Cy5.5, Cy7, and Cy7.5;
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VivoTag-645, VivoTag-680, VivoTag-S680, VivoTag-S750, VivoTag-800;

Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 568,
Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700, Alexa
Fluor 750, and AlexaFluor790;

Dy677, Dy676, Dy682, Dy752, Dy730;,

DyLight 350, DyLight 405, DyLight 488, DyLight 547, DyLight 550, DyLight 594,
DyLight 633, DyLight 647, DyLight 650, DyLight 680, DyLight 755, and DyLight 800;

HiLyte Fluor 405, HiLyte Fluor 488, HiLyte Fluor 532, HiLyte Fluor 555, HiLyte™
Fluor 594, HiLyte Fluor 647, HiLyte Fluor 680, HiLyte Fluor 750,

IR800 (Dimethyl{4-[1,5,5-tris(4-dimethylaminophenyl)-2,4-pentadienylidene]-2,5-
cyclohexadien-1-ylidene}ammonium perchlorate),

IRDye 650, IRDye 680RD, IRDye 680LT, IRDye 700, IRDye 700DX, IRDye 750,
IRDye 800, IRDye 800CW, IRDye 800RS; and

ADS1065A, ADS1075A, ADS775MI, ADS775MP, ADS775PI, ADS775PP,
ADS780HO, ADS780WS, ADS785WS, ADS790WS, ADS795WS, ADS798SM, ADSS00AT,
ADSS815EI, ADS830AT, ADS830WS, ADS832WS, ADS845MC, and ADS920MC.

32, The compound of claim 26, wherein the optical dye is selected from the group

consisting of

R i VS
; | 1 3 .
Oy = N TCY
TR 2 » - T B Lo 3
1}‘4" "”:\vﬂ 1/15\\:{: N \{\‘ T "‘\\»[ \Tﬁ\/\ R N
{"\
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33. The compound of claim 1, wherein C comprises a dye suitable for use with

photoacoustic imaging.

34 The compound of claim 1, wherein C comprises a photosensitizer.

35.  The compound of claim 34, wherein the photosensitizer is selected from the group

consisting of*
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CO,H COzH ;

MeOZC MeOZC
MeO, C“ / MeO, C\‘

COz;H CO;Me ; CO2Me CO,H ; and

SOzNa

20, JL N 803Na
tN \IO(W\H o/\/\o ll\l O S|f \/\,SO '
(0]
N= SI—N 033

N "', 7} SO;Na
% |~
7
O~ ’SI \\L

SO3Na
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36.  The compound of claim 1, wherein the compound of formula (T) has the following
yc
A”\W“

b2 H i
N Ry
N \L/\ M ‘M)k/

COH

HOLC NJ]\
structure:

N N CO.H
& .

R

>

wherein b1, b2, b3, b4, b5, b6, and b7 are each independently an integer selected from the group
consisting of 0, 1,2,3,4,5,6,7, and 8.

37 The compound of claim 36, wherein the compound of formula (I) has the

following structure:

Q,
ham®
HN
O
HN{_Y
Q Q
A __/—/ =
ke /\/\)I\
N:N’N_\/O{/\OMN N N'Ry
2 H ILH
CO,H
X
HO,C N N”z "CO.H
2 H HH : or
/N H o)
NS oy
n
o) o]
N
YN W,
NG N
H;\\
O(—N H ©
N~ A
IR aREas!
0]
0:( K/N a Br CO,H
B I
o]
o Jiy
HO,C N N™ - "CO,H
2 HH H g 2!
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38. The compound of claim 37, wherein the compound of formula (1) is:

OY\H o

N

NC@

HS
(o)
Y
=z
=z
4
<
[
=
Iz
§:O
=z
ED
O
9

e T
enic

wherein M is selected from the group consisting of **Ga, *°Ac, "'Lu, and **Cu.

39,

The compound of claim 10, wherein A and B are each an FAP-a targeting moiety

having the structure of’

40.

consisting of

e B
O s
ey
//70 N

The compound of claim 39, wherein the compound is selected from the group
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41.  The compound of claim 11, wherein the compound is:

42, A pharmaceutical composition comprising the compound of any of claims 1-41 or

claims 51-91.
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43, The composition of claim 42, further comprising one or more of pharmaceutically

acceptable carriers, diluents, excipients, or adjuvants.

44. A method for imaging a disease or disorder associated with fibroblast-activation
protein-o, (FAP-a) and/or prostate-specific membrane antigen (PSMA), the method comprising
administering a compound according to any of claims 1-41 or 51-91, or a pharmaceutical
composition thereof, wherein the compound of formula (I-IV) comprises an optical or
radiolabeled functional group suitable for optical imaging, photoacoustic imaging, PET imaging,

or SPECT imaging; and obtaining an image.

45. A method for inhibiting fibroblast-activation protein-a, (FAP-o) and/or prostate-
specific membrane antigen (PSMA), the method comprising administering to a subject in need
thereof an effective amount of a compound according to any of claims 1-41 or claims 51-91, or a

pharmaceutical composition thereof.

46. A method for treating a fibroblast-activation protein-a (FAP-«)- and/or a prostate-
specific membrane antigen (PSMA)-related disease or disorder, the method comprising
administering to a subject in need of treatment thereof an effective amount of a compound
according to any of claims 1-41 or claims 51-91, or a pharmaceutical composition thereof,
wherein the compound of formula (I-IV) comprises a radiolabeled functional group suitable for

radiotherapy.

47, The method of claim 46, wherein the (FAP-o)-related disease or disorder is
selected from the group consisting of a proliferative disease; diseases characterized by tissue
remodeling and/or chronic inflammation; disorders involving endocrinological dysfunction; and

blood clotting disorders.
48.  The method of claim 47, wherein the proliferative disease is selected from the

group consisting of breast cancer, colorectal cancer, ovarian cancer, prostate cancer, pancreatic

cancer, kidney cancer, lung cancer, melanoma, fibrosarcoma, bone and connective tissue
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sarcomas, renal cell carcinoma, giant cell carcinoma, squamous cell carcinoma, and

adenocarcinoma.

49.  The method of claim 46, wherein the prostate-specific membrane antigen
(PSMA)-related disease or disorder is selected from the group consisting of prostate cancer, renal
cancer, head cancer, neck cancer, head and neck cancer, lung cancer, breast cancer, prostate
cancer, colorectal cancer, esophageal cancer, stomach cancer, leukemia/lymphoma, uterine
cancer, skin cancer, endocrine cancer, urinary cancer, pancreatic cancer, gastrointestinal cancer,

ovarian cancer, cervical cancer, adenomas, and tumor neovasculature.

50.  The method of claim 49, wherein the prostate-specific membrane antigen

(PSMA )-related disease or disorder comprises prostate cancer.

51. A compound of formula (I1):

y(R1x) (R2X)y

y(Rax') N Cs N
H

¢) NW/&O

o R4X

21(Rsx) !
e Sy Rexkez

(ID);

wherein each y is independently an integer selected from the group consisting of 0, 1, and

Rix, Ry, and Ry, are each independently selected from the group consisting of H, OH,
halogen, Ci.calkyl, -O-Ci.¢alkyl, and -S-Ci.salkyl,

Rux is selected from the group consisting of H, straight-chain or branched Ci-¢ alkyl, -
(CHz)qs-aryl, and hydroxyl-substituted straight-chain or branched Ci-s alkyl, wherein g4 is an
integer selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

Rsx and Rex are each independently H, halogen, or -O-(CH2).3-Xa, wherein z1 is an
integer from O to 4, z2 is an integer from 0 to 2, z3 is an integer from 1 to 6, and Xa is halogen,
provided that Rsx and Rex cannot both be H at the same time;

and stereoisomers and pharmaceutically acceptable salts thereof.
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52, The compound of claim 51, wherein the compound of formula (II) is selected

H H
0, N\/& O. N\/&o o N\/&O
0 O
FNAO x> EN 2 ~F
P P N P
N ; F N : F N

Cz (I,

wherein:

A is a targeting moiety for fibroblast activation protein alpha (FAP-a);

B is absent or a targeting moiety for FAP-o, wherein A and B can be the same or
different;

C1 can be absent or present and when present is a chelating group;

Cz 1s a prosthetic group;

La and Lb are each a bi-functionalized linker capable of forming a chemical bond with
each other and A, B, C1 and Cg;

Let and L2 are each independently a bi-functionalized linker capable of forming a
chemical bond with each other and A, B, La, and Ly;

wherein if C1 is absent, L1 also is absent and wherein if B is absent, Lp also is absent;

and stereoisomers and pharmaceutically acceptable salts thereof’

54, The compound of claim 53, wherein A is or, if B is present, A and B are each an

FAP-a targeting moiety having the structure of:
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wherein } indicates a point of attachment of the FAP-o binding ligand to the linker La
and/or Ly wherein the point of attachment can be through any of carbon atoms 5, 6, 7, or 8 of the

quinolinyl ring thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

S5k The compound of claim 53, wherein Cz 1s a prosthetic group comprising a

radioisotope selected from the group consisting of '3F, 1291, 1251 1] and 2!'At.

56. The compound of claim 53, wherein the prosthetic group is selected from the

group consisting of’

N
I}I/I"z = ,}j/‘s
n R ; n R ;
X
R.
N O N’N
R %, and " N3

A S

wherein each X is independently selected from a straightchain or branched Ci-Cs alkyl, -SO2,
-C(=0)-, -C(=0)OR20, wherein Rao is H or C1-Cs alkyl, and a radioisotope selected from the
group consisting of 18F, 124 125 1311 and 2! At; each R and R’ is defined hereinabove; and each
nis independently an integer selected from the group consisting of 0, 1, 2, 3,4, 5,6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, and 20, wherein each carbon of the

222



WO 2022/212958 PCT/US2022/023374

A

M alkylene chain can be substituted with C1-Cq alkyl.

57. The compound of claim 56, wherein the prosthetic group is selected from the

group consisting of:

N
18 0 1BE
S 18F
| : SN = N}'l' X N}%’
Hooc” N7 ’ | L J . J H
N7 i N
(0] (0]
@AH}Z B H}% WO
18 187 N\T HN ;
N N N
H H ; H :
124) 125 131 .
(0]
b= \N—g |$N N}lL’
N s WUNS e H
18F n 18F n 211At
58. The compound of claim 53, wherein C1 comprises a chelating agent selected from

the group consisting of DOTAGA (1,4,7,10-tetraazacyclododececane, 1-(glutaric acid)-4,7,10-
triacetic acid), DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid), DOTASA
(1,4,7,10-tetraazacyclododecane-1-(2-succinic acid)-4,7,10-triacetic acid), CB-DO2A (10-
bis(carboxymethyl)-1,4,7 10-tetraazabicyclo[ 5.5 2]tetradecane), DEPA (7-[2-(Bis-
carboxymethylamino)-ethyl]-4,10-bis-carboxymethyl-1,4,7,10-tetraaza-cyclododec-1-yl-acetic
acid)), 3p-C-DEPA (2-[(carboxymethyl)][5-(4-nitrophenyl-1-[4,7,10-tris(carboxymethyl)-
1,4,7,10-tetraazacyclododecan- 1-yl]pentan-2-yl)aminoJacetic acid)), TCMC (2-(4-
isothiocyanotobenzyl)-1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamonyl methyl)-cyclododecane),
ox0-DO3 A (1-oxa-4,7,10-triazacyclododecane-5-S-(4-isothiocyanatobenzyl)-4,7,10-triacetic
acid), p-NHz-Bn-Ox0-DO3A (1-Oxa-4,7,10-tetraazacyclododecane-5-S-(4-aminobenzyl)-4,7,10-
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triacetic acid), TE2A ((1,8-N,N'-bis-(carboxymethyl)-1,4,8,11-tetraazacyclotetradecane), MM-
TE2A, DM-TE2A, CB-TE2A (4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane), CB-TE1A1P (4,8,11-tetraazacyclotetradecane-1-
(methanephosphonic acid)-8-(methanecarboxylic acid), CB-TE2P (1,4,8,11-
tetraazacyclotetradecane-1,8-bis(methanephosphonic acid), TETA (1,4,8,11-
tetraazacyclotetradecane-1,4,8,11-tetraacetic acid), NOTA (1,4,7-triazacyclononane-N,N’ N"-
triacetic acid), NODA (1,4,7-triazacyclononane-1,4-diacetate ); NODAGA (1,4,7-
triazacyclononane, 1 -glutaric acid-4,7-acetic acid), (NOTAGA) 1,4,7-triazonane-1,4-diyl)diacetic
acid DFO (Desferoxamine), NETA ([4-[2-(bis-carboxymethylamino)-ethyl]-7-carboxymethl-
[1,4,7]triazonan-1-yl}-acetic acid), TACN-TM (N,N',N", tris(2-mercaptoethyl)-1,4,7-
triazacyclononane), Diamsar (1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo(6,6,6)eicosane,
3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane-1,8-diamine), Sarar (1-N-(4-aminobenzyl)-3,
6,10,13,16,19-hexaazabicyclo[6.6.6] eicosane-1,8-diamine), AmBaSar (4-((8-amino-
3,6,10,13,16,19-hexaazabicyclo [6.6.6] icosane-1-ylamino) methyl) benzoic acid), and BaBaSar.

59.  The compound of claim 53, wherein Ci is a chelating agent is selected from the

group consisting of’

Q o)
L&Z N)'\ N/\}.L
H H
N._CO; CO,H co,
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60. The compound of 53, wherein the chelating agent further comprises a radiometal .

61.  The compound of claim 60, wherein the radiometal is selected from the group
consisting of *Cu, ®Cu, “*Cu, “Cu, 2*°Pb, 22Pb, *°Ac, '""Lu, ?"Tc, **Ga, *'Tb, *Y, *°Y, !''In,
IISIn’ 186Re, 188Re’ ISSSm, 89Zr’ 213Bi, 212Bi, 212Pb’ 67Ga, 47SC, 166HO, 43SC, 223Ra, 226/227Th, Al—lSF,

and Sc-"*F.

62. The compound of claim 53, wherein La, Lb, Le1, and Le2 are each individually

selected from the group consisting of (a), (b), (c), or (d):

Fﬁ 0 Ry Ri
_N Wy
n R RN U e
b1 R: R Ps P4
(a) P2 .

>

wherein:
p1, p2, p3 and ps may be in any order;

t1 and t2 are each an integer selected from the group consisting of 0, 1, 2, 3, 4, 5, 6, 7, and

p1, p3, and pa are each independently O or 1;

p2 is an integer selected from the group consisting of O, 1, 2, and 3, and when p2is 2 or 3,
each R1 is the same or different;

mi, mz, m3, and m4 are each an integer independently selected from the group consisting
of 0,1,2,3,4,5,6,7 and 8,

Wi is selected from the group consisting of a bond, —S—, —C(=0)-, —C(=0)-NR—, and —
NR-C(=0)

Wais selected from the group consisting of a bond, -S-, -CHz-C(=0)-NR-, -C(=0)-, —
NRC(=0)-, -NR'C(=0)NR—-, -NRC(=S)NR"2—, -NRC(=0)0O—, -OC(=0)NR-, -OC(=0)—, -
C(=O)NR-, -NR-C(=0)—, -C(=0)0-, (O—CH2—CH2)q— and (CH2-CHz-O)q, wherein q is
selected from the group consisting of 0, 1,2, 3,4, 5,6, 7, and 8;

each R or R' is independently H, alkyl, substituted alkyl, ¢ ycloalkyl, substituted
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
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substituted heteroaryl, and —OR4, wherein R4 is selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted
heterocycloalkyl, wherein q is defined as immediately hereinabove,

H can be present or absent and when present is selected from a nitrogen-containing

heteroalkylene chain, a cyclic or bicylic heteroalkyl radical, and a triazole radical having the

N=N N=N
N
structure H\/ or ;

each R1 is independently H, C1-Cs alkyl, C3-C12 aryl, -(CH2)q-C3-C12 aryl, -C4-C1s
alkylaryl, or -(CHz2)¢-Cs-Cis alkylaryl; Rz and R3 are each independently H, -(CHa2)q-C3-C12 aryl,
and -CO2Rs, wherein Rsis selected from the group consisting of H, C1-Cs alkyl, C3-C12 aryl, and
Cs-Cie alkylaryl, wherein Rz and R3 can be the same or different, wherein q is selected from the
group consisting of 0, 1, 2, 3,4, 5, 6, 7, and 8,

V is selected from the group consisting of —C(O)-, -C(S)-, -NRC(O)—, -NRC(S)-, and —

OC(0)
RIT O JR: Rs
_N Tz M)\
oV N W2 s
P1 R1 R . P3
(b) 2

wherein p1, p2, p3, m1, mz, Tz, W2, R, R1, R2, R3, and V are defined as hereinabove;

©) -Li1-, -L2-Ls-, or -L1-L2-L3-, wherein:

L1 is -NR-(CHz)q-[O-CH2-CH2-O]-(CH2)q-C(=0)-;

L2 is -NR-(CHz2)¢-C(COOR5)-NR-; and

L3 is (0=)C-(CH2)q-C(=0)-;
wherein each q is independently an integer selected from the group consisting of 1, 2, 3, 4, 5, 6,
7, and 8; and R and Rs are as defined hereinabove; and

(d)  -(CR¢H)q-(CHz2)q-C(=0)-NR-(CHz2)q-O- or -NR-(CHz2)q-O-; wherein each ¢ and R
is defined hereinabove; and Re is H or -COORs.

63.  The compound of claim 62, wherein H is selected from:
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(R16)24

H or -C(=0)-ORu7, wherein Ri7 is C1-Cs alkyl;
-N(R18)-(CHz2)zs-N(R19)-; wherein Ris and Rio are each independently H or Ci-Cu alkyl
and Z5 is an integer selected from 1, 2, 3, 4, 5, 6, 7, and 8;

; wherein X1 and X2 are each independently -CH- or N; each Rie is independently

—N N§N\

/~\
N = N O
|
P 0 &

‘e
)
>z(N\\/N\;s

64. The compound of 62, wherein one or more of La, Lb, Le1, and Lez include one or

more units selected from:
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wherein u is an integer selected from 1, 2, 3, 4, 5, 6, 7, and 8; and R and Rs are as defined

hereinabove.

65. The compound of claim 53, wherein the compound of formula (III) is selected

from:
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06. The compound of claim 53, wherein the prosthetic group Ca is covalently bound

to the chelating group Ci.

67. The compound of claim 66, wherein the compound is selected from:
o Q
@\ /\/\,\% (\LOH /\N 0/\/\N’\‘ o (»NR:;H
o ° b 4 (\N/} H o, ‘\/N_<——N N [
AN LI X LS ¢
o i Ho% H/bq e oy " /:N

HO /LO/S\‘O &CN
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& | N N
Nea Ny {\&NJN/ O{K/N-) oM o 2z
U OH O B
0. HO™ O
{H ;and \\gH
68. A compound of formula (IV):
¢
Le
A-L,——L,-B V).
wherein:

A is a targeting moiety for fibroblast activation protein alpha (FAP-);

B is a targeting moiety for prostate-specific membrane antigen (PSMA);

C is any optical or radiolabeled functional group suitable for optical imaging,
photoacoustic imaging, positron emission tomography (PET) imaging, single-photon emission
computed tomography (SPECT) imaging, or radiotherapy; and

La, Lv, and Lc are each a bi-functionalized linker capable of forming a chemical bond
with each other and A, B, and C, respectively; and

stereoisomers and pharmaceutically acceptable salts thereof.

69.  The compound of claim 68, wherein A is a FAP-ao targeting moiety having the

structure of:
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y(R1 x) (RZX)y

y(RSX’) CSN
LN

wherein § indicates a point of attachment of the FAP-u binding ligand to the linker La
and/or Ly wherein the point of attachment can be through any of carbon atoms 5, 6, 7, or 8 of the

quinolinyl ring thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

70.  The compound of claim 68, wherein B is a targeting moiety for PSMA having the

following structure:

wherein:

Z is tetrazole or CO2Q;

Q is H or a protecting group;

q1 is an integer selected from the group consisting of 1, 2, 3, 4, and 5,

qz is an integer from selected from O or 1; and

Ry is independently H or —(CHz)q3-Ry1, wherein g3 is an integer selected from the
group consisting of 0, 1,2, 3, 4, 5, and 6 and Ry is selected from the group consisting of

substituted aryl, substituted pyridine, and unsubstituted isoquinoline;

71. The compound of claim 70, wherein B is a PSMA targeting moiety having the

following structure:
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72, The compound of claim 71, wherein Ry is selected from the group consisting of

X X X
FNaRES,
= : \N‘and ]

wherein X is independently selected from the group consisting of Br, 7°Br, "*Br, 7Br, **™Br, ¥Br,
I, 1241’ 1231’ 1251’ 1311’ At, and ZIIAt.

73.  The compound of claim 68, wherein C is a radiolabeled prosthetic group

comprising a radioisotope selected from the group consisting of *F, 24, 1251, 1311 and 2!!At.

74.  The compound of claim 73, wherein the radiolabeled prosthetic group is selected

o

|
n ;
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X
)I(/X xk’)}g ®\(\/’)j
><(\’)’B‘X ; : : n

n

X X
LR LR
N
Z l}l}’ Z 'T‘}z
n R ; n R ;
X

R
R. %, and ’\N_g

E' NR A E M/ g

\ 7

238



WO 2022/212958 PCT/US2022/023374

wherein each X is independently a radioisotope selected from the group consisting of *F, 1],
125 1317 "and 2''At; each R and R’ is defined hereinabove; and each n is independently an integer
selected from the group consisting of 0, 1,2, 3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, and 20.

75.  The compound of claim 74, wherein the radiolabeled prosthetic group is selected

from the group consisting of:

18
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76. The compound of claim 68, wherein C comprises a chelating agent selected from
the group consisting of DOTAGA (1,4,7,10-tetraazacyclododececane,1-(glutaric acid)-4,7,10-
triacetic acid), DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid), DOTASA
(1,4,7,10-tetraazacyclododecane-1-(2-succinic acid)-4,7,10-triacetic acid), CB-DO2A (10-
bis(carboxymethyl)-1,4,7,10-tetraazabicyclo[5.5 2]tetradecane), DEPA (7-[2-(Bis-
carboxymethylamino)-ethyl]-4,10-bis-carboxymethyl-1,4,7,10-tetraaza-cyclododec-1-yl-acetic
acid)), 3p-C-DEPA (2-[(carboxymethyl)][5-(4-nitrophenyl-1-[4,7,10-tris(carboxymethy!)-
1,4,7,10-tetraazacyclododecan-1-yl ]pentan-2-yl)aminoJacetic acid)), TCMC (2-(4-
isothiocyanotobenzyl)-1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamonyl methyl)-cyclododecane),
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0x0-DO3A (1-oxa-4,7,10-triazacyclododecane-5-S-(4-isothiocyanatobenzyl)-4,7,10-triacetic
acid), p-NHz-Bn-Ox0-DO3A (1-Oxa-4,7,10-tetraazacyclododecane-5-S-(4-aminobenzyl)-4,7,10-
triacetic acid), TE2A ((1,8-N,N'-bis-(carboxymethyl)-1,4,8 1 1-tetraazacyclotetradecane), MM-
TE2A, DM-TE2A, CB-TE2A (4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane), CB-TE1A1P (4,8,11-tetraazacyclotetradecane-1-
(methanephosphonic acid)-8-(methanecarboxylic acid), CB-TE2P (1,4,8,11-
tetraazacyclotetradecane-1,8-bis(methanephosphonic acid), TETA (1,4,8,11-
tetraazacyclotetradecane-1,4,8,1 [ -tetraacetic acid), NOTA (1,4, 7-triazacyclononane-N,N',N"-
triacetic acid), NODA (1,4,7-triazacyclononane-1,4-diacetate ); NODAGA (1,4,7-
triazacyclononane, 1-glutaric acid-4,7-acetic acid), (NOTAGA) 1,4,7-triazonane-1,4-diyl)diacetic
acid DFO (Desferoxamine), NETA ([4-[2-(bis-carboxymethylamino)-ethyl]-7-carboxymethl-
[1,4,7]triazonan-1-yl }-acetic acid), TACN-TM (N,N',N", tris(2-mercaptoethyl)-1,4,7-
triazacyclononane), Diamsar (1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo(6,6,6)eicosane,
3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane-1,8-diamine), Sarar (1-N-(4-aminobenzyl)-3,
6,10,13,16,19-hexaazabicyclo[6.6.6] eicosane-1,8-diamine), AmBaSar (4-((8-amino-
3,6,10,13,16,19-hexaazabicyclo [6.6.6] icosane-1-ylamino) methyl) benzoic acid), and BaBaSar.

77.  The compound of claim 68, wherein C is a chelating agent is selected from the

group consisting of’
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78.  The compound of claim 68, wherein the chelating agent further comprises a
radiometal.
79. The compound of claim 78, wherein the radiometal is selected from the group

consisting of %°Cu, 92Cuy, ®Cu, 9’Cu, 2%°Pb, 22Pb, 22°Ac, 7'Lu, *™Tc, %Ga, 1¥Tb, ¥Y, Y, Hn,
15T, 186p 0 188R . 153Qm 897, 213p: 212R: 212ph 67, 47Qe 166p7, 43Qe 223p, 226227 18
In, **Re, **Re, "°Sm, ¥Zr, *°Bi, “*Bi, ~“Pb, */Ga, *’Sc, "**Ho, *’Sc, ~*"Ra, Th, Al-*°F,

and Sc-18F.

80. The compound of claim 68, wherein C comprises an optical dye.
81.  The compound of claim 80, wherein the optical dye comprises a fluorescent dye.
82. The compound of claim 81, wherein the fluorescent dye comprises a fluorescent

dye that emits in the near infrared spectral region.

83.  The compound of claim 81, wherein the fluorescent dye is selected from the
group consisting of a polymethine dye, a coumarin dye, a xanthene dye, and a boron-

dipyrromethene (BODIPY) dye.

84.  The compound of claim 83, wherein the polymethine dye is selected from the
group consisting of a carbocyanine dye, an indocarbocyanine dye, an oxacarbocyanine dye, a

thiacarbocyanine dye, and a merocyanine dye.

85.  The compound of claim 83, wherein the xanthene dye is selected from the group

consisting of a fluorescein dye and a coumarin dye.

86.  The compound of claim 83, wherein the fluorescent dye is selected from the
group consisting of:

BODIPY FL, BODIPY R6G, BODIPY TR, BODIPY TMR, BODIPY 493/503, BODIPY
530/550, BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591,BODIPY
630/650, and BODIPY 650/665;
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Cy3, Cy3.5, Cy5, Cy5.5, Cy7, and Cy7.5;

VivoTag-645, VivoTag-680, VivoTag-S680, VivoTag-S750, VivoTag-800;

Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 568,
Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700, Alexa
Fluor 750, and AlexaFluor790;

Dy677, Dy676, Dy682, Dy752, Dy780;

DyLight 350, DyLight 405, DyLight 488, DyLight 547, DyLight 550, DyLight 594,
DyLight 633, DyLight 647, DyLight 650, DyLight 680, DyLight 755, and DyLight 800;

HiLyte Fluor 405, HiLyte Fluor 488, HiLyte Fluor 532, HiLyte Fluor 555, HiLyte™
Fluor 594, HiLyte Fluor 647, HiLyte Fluor 680, HiLyte Fluor 750;

IR800 (Dimethyl{4-[1,5,5-tris(4-dimethylaminophenyl)-2,4-pentadienylidene]-2,5-
cyclohexadien-1-ylidene}ammonium perchlorate),

IRDye 650, IRDye 680RD, IRDye 680LT, IRDye 700, IRDye 700DX, IRDye 750,
IRDye 800, IRDye 800CW, IRDye 800RS; and

ADS1065A, ADS1075A, ADS775MI, ADS775MP, ADS775PI, ADS775PP,
ADS780HO, ADS780WS, ADS785WS, ADS790WS, ADS795WS, ADS798SM, ADSB00AT,
ADSS815EI, ADS830AT, ADS830WS, ADS832WS, ADS845MC, and ADS920MC.

87. The compound of claim 80, wherein the optical dye is selected from the group

consisting of’
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88. The compound of claim 68, wherein La, Lb, and Lc are each individually selected

from the group consisting of (a), (b), (¢), or (d):

ll? 0O R Rz
N Wi
o TV N w H™' ‘m
2 j m, V2| M3 4 my t
p_] R1 R p3 p4
(a) P2 :

)

wherein:
p1, p2, p3 and ps may be in any order;

t1 and t2 are each an integer selected from the group consisting of 0, 1, 2, 3,4, 5, 6, 7, and

p1, p3, and ps are each independently 0 or 1;

p2 is an integer selected from the group consisting of 0, 1, 2, and 3, and when p2is 2 or 3,
each R is the same or different;

mi, my, m3, and ma are each an integer independently selected from the group consisting
of0,1,2,3,4,5,6,7 and 8;

W1 is selected from the group consisting of a bond, —S—, —C(=0)-, —-C(=0)-NR—, and —
NR-C(=0)-;

W2 is selected from the group consisting of a bond, -S-, -CH2-C(=0)-NR-, -C(=0)-, —
NRC(=0)-, -NR'C(=0)NR—, -NRC(=S)NR'2—, -NRC(=0)0-, -OC(=0O)NR—-, -OC(=0)-, -
C(=0O)NR-, -NR-C(=0)-, -C(=0)0O—, (0-CH2—CHz)q— and (CHz2-CH2-0)q, wherein q is
1,2,3,4,5,6,7, and 8;

b 2 2

selected from the group consisting of 0
each R or R' is independently H, alkyl, substituted alkyl, ¢ ycloalkyl, substituted
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, and —OR4, wherein Ra4 is selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted

heterocycloalkyl, wherein q is defined as immediately hereinabove;
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H can be present or absent and when present is selected from a nitrogen-containing
heteroalkylene chain, a cyclic or bicylic heteroalkyl radical, and a triazole radical having the

N =
I\ll / JQ/ & —1
structure \{ or :

each R1 is independently H, C1-Cs alkyl, C3-Ci2 aryl, -(CH2)q-C3-Ci2 aryl, -Cs-Cis
alkylaryl, or (CHa2)q-C4-Ci6 alkylaryl, Rz and R3 are each independently H, -(CH2)q-C3-C12 aryl,
and -CO2Rs, wherein Rs s selected from the group consisting of H, C1-Cs alkyl, C3-C12 aryl, and
C4-Cis alkylaryl, wherein Ra and R3 can be the same or different, wherein q is selected from the
group consisting of 0, 1, 2, 3, 4, 5, 6, 7, and 8,

V is selected from the group consisting of —C(O)—, -C(S)-, -NRC(O)—, -NRC(S)-, and —

0C(0);
RIT 0 TR, Rs
I{I Tz
p
: R1Rp P3
(b) 2

wherein p1, pz2, p3, mi, mz, Tz, W2, R, R1, Rz, R3, and V are defined as hereinabove;

© -L1-, -L2-L3-, or -Li-L2-L3-, wherein:

L1 is -NR~(CH2)q-[ O-CHz-CH2-O]q~(CH2)q-C(=0)-;

Lz is -NR-(CH2)q-C(COOR5s)-NR-; and

L3 is -(O=)C-(CHa2)q-C(=0)~;
wherein each q is independently an integer selected from the group consisting of 1, 2, 3, 4, 5, 6,
7, and 8; and R and Rs are as defined hereinabove; and

(d)  -(CReH)q-(CHz2)q-C(=0)-NR-(CHz)q-O- or -NR-(CHz2)q-O-; wherein each q and R
is defined hereinabove; and R¢ is H or -COORs.

89.  The compound of claim 88, wherein H is selected from:

(Rig)z4
/AN
X1 X% . . .
/ ; wherein X1 and Xz are each independently -CH- or N; each Ris is independently
H or -C(=0)-OR17, wherein R17 is C1-Cs alkyl,;

250



WO 2022/212958 PCT/US2022/023374

-N(R18)-(CH2)z5-N(R19)-; wherein Ris and Ris are each independently H or C1-C4 alkyl
and Z5 is an integer selected from 1, 2, 3,4, 5, 6, 7, and 8;

N N JJ.QN O
- - \
D e

\( ; 5 .~ and

o
FUN

LI

90. The compound of claim 88, wherein one or more of La, Lp, and Lc include one or

more units selected from:
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wherein u is an integer selected from 1, 2, 3, 4, 5, 6, 7, and 8; and R and Rs are as defined

; and

hereinabove.

91. The compound of claim 68, wherein the compound of formula (IV) is selected

from the group consisting of:

Aot &
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Reagents & Conditions: a) (i). 2,5-dioxopyrrolidin-1-yl 5-((tert-butoxycarbonyl)amino)-
pentanoate, DIPEA, DMF, RT, overnight. (ii). TFA : CH2Cla (1 : 1), RT, 2 h, 75 %; b). (i) Fmoc-
L-Lys(Boc)-OSu, DIPEA, DMF, RT, 2 h. (ii). 20% piperidine, DMF, RT, 1 h, 65%; ¢). Azido-
PEG3-NHS ester, EtsN, DMSO, RT, 2 h, 70%, d). FAP-Acetylenel, CuSO4.5Hz20, Sodium
Ascorbate, tBuOH/DMSO/H:0, RT, Overnight, 86%; e) (i). TFA : CH2Cl2 (1 : 1), RT, 2 h, 90%,
(i)). NOTA-NHS-ester, Et'N, DMSO, RT, 2 h, 72%.
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Reagents & Conditions: a) (). Boc-Lys(N3)-OH, CuSO4.5H20, Sodium Ascorbate, DMSO, H2O,
RT, 24h. (ii). TSTU, DMF, DIPEA, RT, 2h, 54%; b). (i). 2,5-dioxopyrrolidin-1-y1 5-
((fertbutoxycarbonyl) amino)hexanoate, DIPEA, DMF, RT, overnight. (ii). TFA : CH2Clz2 (1 : 1),
RT, 2 h, 71 %; c). EtsN, DMSO, RT, 2 h. (ii). TFA : CH2Clz2 (1 : 1), RT, 2 h, 68%; d). NOTA-
NHS-ester, EtsN, DMSO, RT, 2 h, 70%.
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