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QUINONE-MASKED PROBES AS LABELING REAGENTS FOR CELL UPTAKE
MEASUREMENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application 61/933,122, filed

January 29, 2014, and is herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to compounds, compositions, and methods of
using the compounds and compositions as labeling reagents. More particularly, the present

disclosure relates to quinone-masked probes as labeling reagents for cell uptake measurements.

BACKGROUND

[0003] Quantification of the uptake of biomolecules and small molecules of interests in
biological samples (i.c., cells, tissues and organs) is becoming a vital part for drug delivery,
effectiveness of therapeutic treatments, profiling pharmacokinetics, drug-drug interactions and
drug toxicity, but also represents an important indicator for cellular metabolic status, such as
fatty acids and glucose, and homeostasis of cholesterol to maintain normal physiological
functions. Various techniques such as fluorescent-labeled or isotope-labeled molecules of
interests for uptake quantification of cells and tissues already exist, but still needs for new uptake
techniques in order to make the uptake measurements simple, reliable and reproducible in high

throughput formats.

SUMMARY

[0004] In some aspects, disclosed is a compound of formula (1), or a salt thereof,
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wherein

A 1s a reporter moiety;

R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;

R’ and R'” are independently selected from alkyl;

R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;

L is -(CH,)mC(R'7)(CH,),-Y-C(O)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

YisOor NRIS;

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R**, -alkyl-SO:R*, -alkyl-SO,N(R*)(R*"), -alkyl-COR*®, -alkyl-
CO,R?, -alkyl-OC(O)R?, -alkyl-OC(O)N(R**}R*"), -alkyl-CON(R™)(R?"), or polyalkoxyalkyl,
wherein the polyalkoxyalkyl is unsubstituted or substituted with one or more suitable
substituents; and

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[0005]  In certain embodiments, R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl is -(C,-
Ce-alkoxy)s-alkyl, -(C,-Cs-alkoxy)s-haloalkyl, -(C,-Cs-alkoxy)y-hydroxyalkyl, -(C,-Cgs-alkoxy)x-
aminoalkyl, -(C,-Cs-alkoxy)s-alkylaminoalkyl, -(C,-Cs-alkoxy)di(alkyl)aminoalkyl, -(C,-Cs-
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alkoxy)x-azidoalkyl, -(C,-Cs-alkoxy)s-cyanoalkyl, -(C,-Cs-alkoxy)s-alkenyl, -(C,-Ces-alkoxy)x-
alkynyl, -(C,-Cs-alkoxy)-N(R*)C(O)R*, -(C,-Cg-alkoxy)y-SOsR*, -(C,-Cg-alkoxy)s-alkyl-
SONR Y R?), «(C1-Cs-alkoxy)y-alkyl-COR?®, -(C,-Cg-alkoxy)y-alkyl-OC(O)R*, -(C,-Cs-
alkoxy)y-alkyl-OC(ON(R*)R™), -(C,-Cs-alkoxy),-alkyl-CO,R*, and ~(C,-Cs-alkoxy)s-alkyl-
CON(RSO)(RSI), wherein R*, R*, R, R*, RY, R*®, R®, R¥, and R" are cach independently
selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl; and x is an integer
selected from 1 to 20.

[0006] In certain embodiments, R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl is
unsubstituted or substituted with 1 to 3 substituents independently selected from the group
consisting of alkyl, alkoxyalkyl, haloalkyl, haloalkoxyalkyl, hydroxyalkyl, aminoalkyl,
alkylaminoalkyl, di(alkyl)aminoalkyl, azidoalkyl, cyanoalkyl, alkoxy, haloalkoxy, alkoxyalkoxy,
alkenyl, alkynyl, -N(R*)C(O)R**, -SO:R”, -SO,N(R*)(R?"), -COR?®, -CO,R”,

and -CON(RSO)(RSI), wherein R*, R*, R, R*, R”, R*®, R?, R™, and R*! are cach
independently selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[0007] In certain embodiments, R" is

R40

wherein

R* is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl, wherein said aryl, heteroaryl, heterocyclyl, and
cycloalkyl are unsubstituted or substituted with one or more suitable substituents; and

X 1§ an integer selected from 1 to 20.
[0008] In certain embodiments, R" is hydrogen.
[0009] In certain embodiments, R is a 5- or 6-membered heterocyclyl, having 1, 2, or 3
heteroatoms independently selected from the group consisting of N, O, and S.

[0010] In certain embodiments, R is
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[0011] In certain embodiments, x is 2, 3, or 4.
[0012] In certain embodiments, the compound of formula (I) has formula (I-vi), or a salt
thereof,

OR*0

0O R10 RO O

(I-vi)
wherein
R’ R R'" R"™ RY, R"™ RY, x, and A are as defined above.

[0013] In some aspects, disclosed is a compound of formula (1), or a salt thereof,

A compound of formula (I), or a salt thereof,
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wherein

A 1s a reporter moiety;

R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;

R’ and R'” are independently selected from alkyl;

R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;

L is -(CH,)mC(R'7)(CH,),-Y-C(O)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

YisOor NRIS;

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R**, -alkyl-SO:R*, -alkyl-SO,N(R*)(R*"), -alkyl-COR*®, -alkyl-
CO,R?, -alkyl-OC(O)R”, -alkyl-OC(O)N(R**}R*"), -alkyl-amide, or polyalkoxyalkyl, wherein
the polyalkoxyalkyl and -alkyl-amide are unsubstituted or substituted with one or more suitable
substituents; and
R%, R*, R, R*, RY, R® R”, R, and R* are cach independently selected from hydrogen,
alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[0014] In certain embodiments, a compound of the invention is selected from the group

consisting of:
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PBI 5832

OH

; and
or a salt thereof.
[0015] In certain embodiments, the reporter moiety is a bioluminescent or fluorescent reporter
moiety. In certain embodiments, the bioluminescent reporter moiety is a luciferin, a luciferin
derivative or analog, or a luciferin precursor analog, coelenterazine or a coelenterazine derivative
or analog.
[0016] In other aspects, disclosed is a method for evaluating cellular uptake of an agent

comprising: a) contacting a sample comprising cells with a labeled agent, wherein the labeled

24
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agent is derived from an agent and a compound of formula (I); and b) detecting light emission,
whereby the detection of light emission indicates cellular uptake of the agent.

[0017] In certain embodiments, the compound is a prosubstrate for luciferase or an alternative
pre-prosubstrate that does not react with luciferase.

[0018] In certain embodiments, the light emission is fluorescence or luminescence.

[0019] In certain embodiments, the light emission is luminescence, and the cell comprises a
luciferase.

[0020] In certain embodiments, the light emission is detected in the cell, outside the cell, e.g.,
in the cell medium or in a biological fluid, e.g., bodily fluid, ¢.g., blood, urine, etc.

[0021] In certain embodiments, the compound that does not react with luciferase fluoresces in
the cell.

[0022] In certain embodiments, the agent is a biological agent or a non-biological agent.
[0023] In certain embodiments, the agent is selected from the group consisting of a protein, a
nucleic acid, a lipid, a sugar, a therapeutic drug, a small molecule, a nanoparticle, antibody, and
any combination thereof.

[0024] In certain embodiments, the protein is an antibody or a lipoprotein.

[0025] In certain embodiments, the cell is a eukaryotic cell.

[0026] In certain embodiments, the cell is a prokaryotic cell.

[0027] In certain embodiments, the cell is in an animal.

[0028] In certain embodiments, the cell is growing in culture medium.

[0029] In certain embodiments, the cell is a live cell.

[0030] In certain embodiments, the cell expresses a luciferase enzyme.

[0031] In another aspect, disclosed is a labeled agent derived from an agent and a compound
according to formula (I).

[0032] In certain embodiments, the compound in a cell is a substrate for luciferase or an
alternative substrate that does not react with luciferase.

[0033] In other aspects, disclosed is a kit comprising a compound of formula (I), an agent, a
labeled agent derived from an agent and a compound according to formula (I), or any
combination thereof.

[0034] In certain embodiments, the compound is a prosubstrate for luciferase.

25
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[0035]

In certain embodiments, the kit further comprises a detection reagent. The detection

reagent may comprise a luciferase enzyme.

[0036]

The

compounds, compositions, methods, and processes are further described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]
[0038]
[0039]
[0040]
[0041]
[0042]
[0043]
[0044]
[0045]
[0046]
[0047]
[0048]
[0049]
[0050]
[0051]
[0052]
[0053]

FIG
FIG

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

. 1 shows the transporter assay with PBI-5651.

. 2 shows the transporter assay with PBI-5648.

3 shows the transporter assay with PBI-5657.

4 shows the transporter assay with PBI-5658.

5 shows the transporter assay with PBI-5665.

6 shows the transporter assay with PBI-5666.

7 shows the transporter assay with PBI-5824

8 shows the transporter assay with PBI-5684.

9 shows the transporter assay with PBI-5825.

10 shows the transporter assay with PBI-5683.

11 shows the transporter assay with PBI-5826.

12 shows the transporter assay with PBI-5682.

13 shows the transporter assay with various amounts of PBI-5651.

14 shows examples of monoclonal antibody (mAb) quinone-luciferin conjugates.
15 shows examples of labeled solid-liquid nanoparticles (SLNs).

16 shows an example of labeled Poly(amido amine) (PAMAM) dendrimer.

17 shows an example of labeled oligonucleotide and peptide-oligonucleotide

conjugates for antisense inhibition of P-glycoprotein expression.

DETAILED DESCRIPTION

[0054]

Disclosed herein are quinone-masked probes including fluorophores and/or

luminophores. The compounds can be used as labeling reagents for cell uptake measurements.

These labeling reagents can be broadly used to label a variety of targets of interest such as

peptides, proteins including but not limited to antibodies or low density lipoproteins (LDL),

nucleotides, sugars, lipids, specific substrates for transporters, or nanoparticles and microsomes

26
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including but not limited to drug carriers. The labeling reagents may also be used to label
detergents. Upon uptake of labeled targets of interest by cells, quinone can be reduced by
intracellular reduction potential to release the fluorophore or luminophore. The intensity of
fluorescence or luminescence can be correlated to the amount of the target(s) of interest taken up
by cells. Also disclosed are labeled agents.

[0055] The disclosed labeling reagents and labeled agents have multiple advantages over
current techniques: they allow for either imaging or plate-based detection; they are less sensitive
to extracellular reductants (e.g. free thiols, DTT, GSH); they avoid the need for fixed cells; and

no washing step is required opposed to traditional isotope and fluorescence methods.

1. Definition of Terms

[0056] 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. In case of conflict, the
present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equivalent to those described herein
can be used in practice or testing of the present invention. All publications, patent applications,
patents and other references mentioned herein are incorporated by reference in their entirety.
The materials, methods, and examples disclosed herein are illustrative only and not intended to
be limiting.

2% ¢

[0057] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The present disclosure

2% ¢

also contemplates other embodiments “comprising,” “consisting of”” and “consisting essentially
of,” the embodiments or elements presented herein, whether explicitly set forth or not.

[0058] Asused herein, the term “suitable substituent” is intended to mean a chemically
acceptable functional group e.g., a moiety that does not negate the activity of the inventive
compounds. Illustrative examples of suitable substituents include, but are not limited to halo
groups, perfluoroalkyl groups, perfluoroalkoxy groups, alkyl groups, alkenyl groups, alkynyl
groups, hydroxy groups, halo groups, oxo groups, mercapto groups, alkylthio groups, alkoxy
groups, nitro groups, azidealkyl groups, aryl or heteroaryl groups, aryloxy or heteroaryloxy

groups, aralkyl or heteroaralkyl groups, aralkoxy or heteroaralkoxy groups, HO—(C=0)—

27
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groups, heterocylic groups, cycloalkyl groups, amino groups, alkyl - and dialkylamino groups,
carbamoyl groups, alkylcarbonyl groups, alkylcarbonyloxy groups, alkoxycarbonyl groups,
alkylaminocarbonyl groups, dialkylamino carbonyl groups, arylcarbonyl groups,
aryloxycarbonyl groups, alkylsulfonyl groups, arylsulfonyl groups and the like. The substituents
can be substituted by additional substituents.

[0059]  Asused herein, the term “alkenyl” refers a straight or branched hydrocarbon chain
containing from 2 to 10 carbons and containing at least one carbon-carbon double bond formed
by the removal of two hydrogens. Representative examples of alkenyl include, but are not
limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyl, 2-
heptenyl, 2-methyl-1-heptenyl, and 3-decenyl. Alkenyl groups of the present invention may be
unsubstituted or substituted by one or more suitable substituents, preferably 1 to 3 suitable
substituents, as defined above.

[0060]  As used herein, the term “alkoxy” refers to an alkyl group, as defined herein, appended
to the parent molecular moiety through an oxygen atom. Representative examples of alkoxy
include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,
pentyloxy, and hexyloxy.

[0061]  As used herein, the term “alkoxyalkoxy” refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through another alkoxy group, as defined herein.
Representative examples of alkoxyalkoxy include, but are not limited to, tert-butoxymethoxy, 2-
ethoxyethoxy, 2-methoxyethoxy, and methoxymethoxy.

[0062]  Asused herein, the term “alkoxyalkyl” refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of alkoxyalkyl include, but are not limited to, tert-butoxymethyl, 2-
ethoxyethyl, 2-methoxyethyl, and methoxymethyl.

[0063]  Asused herein, the term “alkoxycarbonyl” refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined herein.
Representative examples of alkoxycarbonyl include, but are not limited to, methoxycarbonyl,
ethoxycarbonyl, and tert-butoxycarbonyl.

[0064] Asused herein, the term “alkyl” refers to a linear or branched hydrocarbon radical,
preferably having 1 to 30 carbon atoms, 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 to 4

carbon atoms. The term “C,-Cg-alkyl” is defined to include alkyl groups having 1, 2, 3,4, 5, or 6
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carbons in a linear or branched arrangement. For example, “C,-Cg-alkyl” specifically includes
methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, i-butyl, pentyl, and hexyl. Alkyl groups of the
present invention may be unsubstituted or substituted by one or more suitable substituents,
preferably 1 to 3 suitable substituents, as defined above.

[0065] Asused herein, the term “alkylamino” refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through an amino group, as defined herein.
Representative examples of alkylamino include, but are not limited to, methylamino, ethylamino,
and sec-butylamino.

[0066]  As used herein, the term “alkylaminoalkyl” refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through an aminoalkyl group, as defined herein.
Representative examples of alkylaminoalkyl groups include, but are not limited to,
methylaminoethyl and methylamino-2-propyl.

[0067]  Asused herein, the term “alkylcarbonyl” refers to an alkyl group appended to the
parent molecular moiety through a carbonyl group, as defined herein. Representative examples
of alkylcarbonyl include, but are not limited to, acetyl, 1-oxopropyl, 2,2-dimethyl-1-oxopropyl,
I-oxobutyl, and 1-oxopentyl.

[0068]  Asused herein, the term “alkylcarbonylalkoxy” refers to an alkylcarbonyl group, as
defined herein, appended to the parent molecular moiety through an alkoxy group, as defined
herein. Representative examples of alkylcarbonylalkoxy include, but are not limited to, 3-
oxopentyloxy, 3-oxobutoxy and 2-oxopropoxy.

[0069]  Asused herein, the term “alkylcarbonylalkoxyalkyl” refers to an alkylcarbonylalkoxy
group, as defined herein, appended to the parent molecular moiety through an alkyl group.
[0070]  As used herein, the term “alkylcarbonyloxy” refers to an alkylcarbonyl group, as
defined herein, appended to the parent molecular moiety through an oxygen atom.
Representative examples of alkylcarbonyloxy include, but are not limited to, acetyloxy,
ethylcarbonyloxy, and tert-butylcarbonyloxy.

[0071]  As used herein, the term “alkynyl” refers to a straight or branched hydrocarbon radical
having 2, 3,4, 5, 6,7, 8, 9 or 10 carbons, and having one or more carbon-carbon triple bonds.
Alkynyl groups of the present invention include, but are not limited to, ethynyl, propynyl, and
butynyl. Alkynyl groups of the present invention may be unsubstituted or substituted by one or

more suitable substituents, preferably 1 to 3 suitable substituents, as defined above.
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[0072]  Asused herein, the term “amidoalkyl” refers to an amide group, appended to the
parent molecular moiety through an alkyl group as defined herein. The term amidoalkyl includes
—CH;CONH,; —CH,CH,;CONH,; —CH,CH,CH,CONH; and the like.

[0073]  Asused herein, the term “amino” refers to an -NH, group.

[0074]  As used herein, the term “amino acid” refers to both natural and unnatural amino
acids. It also includes protected natural and unnatural amino acids.

[0075]  Asused herein, the term “aminoalkyl” refers to at least one amino group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of aminoalkyl include, but are not limited to, aminomethyl, 2-
aminoethyl, and 2-aminopropyl.

[0076]  Asused herein, the term “aryl” means monocyclic, bicyclic, or tricyclic aromatic
radicals. Representative examples of the aryl groups include, but are not limited to, phenyl,
dihydroindenyl, indenyl, naphthyl, dihydronaphthalenyl, and tetrahydronaphthalenyl. Aryl
groups of the present invention may be optionally substituted by one or more suitable
substituents, preferably 1 to 5 suitable substituents, as defined above.

[0077]  Asused herein, the term “arylalkyl” refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of arylalkyl include, but are not limited to, phenylmethyl and
phenylethyl.

[0078]  Asused herein, the term “arylcarbonyl” refers to an aryl group, as defined herein,
appended to the parent molecular moiety through a carbonyl group, as defined herein.

[0079]  As use herein, the term “azide” refers to an -N=N"=N" (-N3) group.

[0080]  As used herein, the term “azidealkyl” or “azidoalkyl” refers to an azide group, as
defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of azidealkyl include, but are not limited to, azidemethyl and
azideethyl.

[0081]  As used herein, the term “bioluminescence” or “luminescence” may refer to light
produced as a result of a reaction between an enzyme and a substrate that generates light.
Examples of such enzymes (bioluminescent enzymes) include firefly luciferase, e.g. Photinus

pyralis or Photuris pennsylvanica, click beetle luciferase, Renilla luciferase, cypridina luciferase,
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Oplophorus luciferase, ¢.g., Oplophorous gracilirostris, Aequorin photoprotein, obelin
photoprotein and the like.

[0082]  Asused herein, the term “derivative” may refer to a compound that is derived from a
similar compound by some chemical or physical process. The derivative is a compound of
similar chemical structure. The derivative may be a structural analogue.

[0083]  Asused herein, the term “reporter moiety” may refer to a moiety that, under
appropriate conditions directly or indirectly generates a detectable signal. Exemplary reporter
moieties include, but are not limited to, fluorophores, luminescent molecules, dyes, radiolabels
and substrates for enzymes such as luciferase. In some embodiments, a reporter moicty may
indirectly generate a detectable signal, for example, when the reporter moiety is a substrate for
an enzyme. The reaction of the enzyme with the substrate then produces a detectable signal such
as fluorescence or luminescence. As used herein, the term “bioluminescent reporter moiety”
may refer to a moiety that is a substrate for a luciferase. For example, the bioluminescent
reporter moiety can be a luciferin, a luciferin derivative, e.g., pre-luciferin, aminoluciferin,
quionolyl-luciferin, napthyl luciferin, fluorolucifeirn, chloroluciferin, precursors of luciferin
derivatives, a coelenterazine or a coelenterazine derivative or analog, e.g., furimazine. The
luminescent signal generated may be detected using a luminometer. As used herein, the term
“fluorescent reporter moiety” may refer to a moiety that fluoresces. For example, the fluorescent
reporter moiety may be a flurophore, such as coumarin, R110, fluoroscein, DDAOQO, resorufin,
cresyl violet, sily xanthene, or carbopyronine. Fluorescence may be detected using a
fluorometer.

[0084]  Asused herein, the term “carbonyl” or “(C=0)” (as used in phrases such as
alkylcarbonyl, alkyl -(C=0)— or alkoxycarbonyl) refers to the joinder of the >C=0 moiety to a
second moiety such as an alkyl or amino group (i.e. an amido group). Alkoxycarbonylamino
(i.e. alkoxy(C=0)—NH—) refers to an alkyl carbamate group. The carbonyl group is also
equivalently defined herein as (C=0). Alkylcarbonylamino refers to groups such as acetamide.
[0085]  Asused herein, the term “carboxy” refers to a —C(O)—OH group.

[0086]  As used herein, the term “carboxyalkoxyalkyl” refers to —alkyl—O—alkyl—CO,H.
[0087]  Asused herein, the term “carboxyalkyl” refers to a carboxy group as defined herein,

appended to the parent molecular moiety through an alkyl group as defined herein.
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[0088] Asused herein, the term “cycloalkyl” refers to a mono, bicyclic or tricyclic
carbocyclic radical (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclopentenyl, cyclohexenyl, bicyclo[2.2.1]heptanyl,
bicyclo[3.2.1]octanyl and bicyclo[5.2.0]nonanyl, etc.); optionally containing 1 or 2 double
bonds. Cycloalkyl groups of the present invention may be unsubstituted or substituted by one or
more suitable substituents, preferably 1 to 5 suitable substituents, as defined above.

[0089]  Asused herein, the term “di(alkyl)amino” refers to two independently selected alkyl
groups, as defined herein, appended to the parent molecular moiety through an amino group, as
defined herein. Representative examples of di(alkyl)amino include, but are not limited to, N,N-
dimethylamino, N-ethyl-N-methylamino, and N-isopropyl-N-methylamino.

[0090]  As used herein, the term “di(alkyl)aminoalkyl” refers to a di(alkyl)amino group, as
defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of di(alkyl)aminoalkyl include, but are not limited to, N,N-
dimethylaminoethyl and N,N-methyl(2-propyl)aminoethyl.

[0091] Asused herein, the term “halogen” or “halo” refers to a fluoro, chloro, bromo or iodo
radical.

[0092]  Asused herein, the term “haloalkoxy” refers to an alkoxy group, as defined herein,
substituted by one, two, three, or four halogen atoms. Representative examples of haloalkoxy
include, but are not limited to, chloromethoxy, 2-fluoroethoxy, trifluoromethoxy, and
pentafluoroethoxy.

[0093]  Asused herein, the term “haloalkyl” refers to an alkyl group, as defined herein,
substituted by one, two, three, or four halogen atoms. Representative examples of haloalkyl
include, but are not limited to, chloromethyl, 2-fluoroethyl, trifluoromethyl, pentafluoroethyl, 2-
chloro-3-fluoropentyl, and 4,4,4,-trifluorobutyl.

[0094]  Asused herein, the term “heteroaryl” refers to a monocyclic heteroaryl or a bicyclic
heteroaryl. The monocyclic heteroaryl is a five- or six-membered ring. The five-membered ring
contains two double bonds. The five-membered ring may contain one heteroatom selected from
O or S; or one, two, three, or four nitrogen atoms and optionally one oxygen or sulfur atom. The
six-membered ring contains three double bonds and one, two, three or four nitrogen atoms.
Representative examples of monocyclic heteroaryl include, but are not limited to, furanyl,

imidazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, 1,3-oxazolyl, pyridinyl, pyridazinyl,
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pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl, tetrazolyl, thiadiazolyl, 1,3-thiazolyl, thienyl,
triazolyl, and triazinyl. The bicyclic heteroaryl includes a monocyclic heteroaryl fused to a
phenyl, or a monocyclic heteroaryl fused to a monocyclic cycloalkyl, or a monocyclic heteroaryl
fused to a monocyclic cycloalkenyl, or a monocyclic heteroaryl fused to a monocyclic
heteroaryl, or a monocyclic heteroaryl fused to a monocyclic heterocycle. Representative
examples of bicyclic heteroaryl groups include, but are not limited to, benzofuranyl,
benzothienyl, benzoxazolyl, benzimidazolyl, benzoxadiazolyl, 6,7-dihydro-1,3-benzothiazolyl,
imidazo[1,2-a]pyridinyl, indazolyl, indolyl, isoindolyl, isoquinolinyl, naphthyridinyl,
pyridoimidazolyl, quinazolinyl, quinolinyl, thiazolo[5,4-b]pyridin-2-yl, thiazolo[5,4-
d]pyrimidin-2-yl, and 5,6,7,8-tetrahydroquinolin-5-yl. Heteroaryl groups of the present
invention may be unsubstituted or substituted by one or more suitable substituents, preferably 1
to 5 suitable substituents, as defined above.

[0095]  Asused herein, the term “heterocycle” or “heterocyclyl” refers to a monocyclic
heterocycle, a bicyclic heterocycle, or a tricyclic heterocycle. The monocyclic heterocycle is a
three-, four-, five-, six-, seven-, or eight-membered ring containing at least one heteroatom
independently selected from the group consisting of oxygen, nitrogen, phosphorus and sulfur.
The three- or four-membered ring contains zero or one double bond, and one heteroatom selected
from the group consisting of oxygen, nitrogen, phosphorus and sulfur. The five-membered ring
contains zero or one double bond and one, two or three heteroatoms selected from the group
consisting of oxygen, nitrogen, phosphorus and sulfur. The six-membered ring contains zero,
one or two double bonds and one, two, or three heteroatoms selected from the group consisting
of oxygen, nitrogen, phosphorus and sulfur. The seven- and eight-membered rings contains zero,
one, two, or three double bonds and one, two, or three heteroatoms selected from the group
consisting of oxygen, nitrogen, phosphorus and sulfur. Representative examples of monocyclic
heterocycles include, but are not limited to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 1,3-
dioxanyl, 1,3-dioxolanyl, 1,3-dithiolanyl, 1,3-dithianyl, imidazolinyl, imidazolidiny],
isothiazolinyl, isothiazolidinyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolinyl,
oxadiazolidinyl, oxazolinyl, oxazolidinyl, phosphinane, piperazinyl, piperidinyl, pyranyl,
pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydropyrimidinyl, tetrahydrothienyl, thiadiazolinyl, thiadiazolidinyl,
thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine sulfone),
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thiopyranyl, trithianyl, and 2,5-dioxo-pyrrolidinyl. The bicyclic heterocycle is a monocyclic
heterocycle fused to a phenyl group, or a monocyclic heterocycle fused to a monocyclic
cycloalkyl, or a monocyclic heterocycle fused to a monocyclic cycloalkenyl, or a monocyclic
heterocycle fused to a monocyclic heterocycle, or a bridged monocyclic heterocycle ring system
in which two non-adjacent atoms of the ring are linked by an alkylene bridge of 1, 2, 3, or 4
carbon atoms, or an alkenylene bridge of two, three, or four carbon atoms. Representative
examples of bicyclic heterocycles include, but are not limited to, benzopyranyl,
benzothiopyranyl, chromanyl, 2,3-dihydrobenzofuranyl, 2,3-dihydrobenzothienyl,
azabicyclo[2.2.1]heptyl (including 2-azabicyclo[2.2.1]hept-2-yl), 2,3-dihydro-1H-indolyl,
isoindolinyl, octahydrocyclopenta[c]pyrrolyl, octahydropyrrolopyridinyl, 9-
phosphabicyclo[3.3.1]nonane, 8-phosphabicyclo[3.2.1]octane, and tetrahydroisoquinolinyl.
Tricyclic heterocycles are exemplified by a bicyclic heterocycle fused to a phenyl group, or a
bicyclic heterocycle fused to a monocyclic cycloalkyl, or a bicyclic heterocycle fused to a
monocyclic cycloalkenyl, or a bicyclic heterocycle fused to a monocyclic heterocycle, or a
bicyclic heterocycle in which two non-adjacent atoms of the bicyclic ring are linked by an
alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two, three, or four
carbon atoms. Examples of tricyclic heterocycles include, but are not limited to, octahydro-2,5-
epoxypentalene, hexahydro-2H-2,5-methanocyclopenta[b]furan, hexahydro-1H-1,4-
methanocyclopenta[c]furan, aza-admantane (1-azatricyclo[3.3.1.1%"]decane), oxa-adamantane
(2-oxatricyclo[3.3.1.1*"]decane), and 2,4,6-trioxa-8-phosphatricyclo[3.3.1.13,7]decane.
Heterocyclic groups of the present invention may be unsubstituted or substituted by one or more
suitable substituents, preferably 1 to 3 suitable substituents, as defined above. Heterocyclic
groups of the present invention may be can contain one or more oxo groups (=0O) or thioxo (=S)
groups attached to the ring.

[0096]  As used herein, the term “hydroxy” refers to an -OH group.

[0097]  Asused herein, the term “hydroxyalkoxy” refers to an alkoxy group, as defined herein,
substituted by at least one hydroxy group. Representative examples of hydroxyalkoxy include,
but are not limited to, hydroxyethoxy, and 2-hydroxypropoxy.

[0098]  Asused herein, the term “hydroxyalkyl” refers to an alkyl group, as defined herein,
substituted by at least one hydroxy group. Representative examples of hydroxyalkyl include, but
are not limited to, hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, 2,3-dihydroxypropyl, 2,3-

34



WO 2015/116867 PCT/US2015/013617

dihydroxypentyl, 4-hydroxybutyl, 2-ethyl-4-hydroxyheptyl, 3,4-dihydroxybutyl, and 5-
hydroxypentyl.

[0099]  Asused herein, the term “hydroxycarbonyl” refers to a hydroxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined herein.
[00100] The term “linker” may refer to a chain of 2 to 50 atoms that link a substrate moiety to
the parent molecular moiety. Linkers may include one or more heteroatoms. Linkers may also
be substituted by oxo groups, amino groups, alkyl groups, halogens and nitro groups. Linkers
may also contain aryl groups. The linkers may be “traceless” or “self-immolative” linkers. The
term “traceless linker” or “self-immolative linker” refers to a linker wherein cleavage of the
substrate moiety from the linker results in spontancous cleavage of the linker from the parent
molecular moiety.

[00101] The term “lower cycloalkyl” refers to a monovalent moiety obtained by removing a
hydrogen atom from a hydrocarbon compound having from 3 to 6 carbon atoms. Examples of
saturated lower cycloalkyl groups include, but are not limited to, groups such as cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl. Examples of unsaturated lower cylcoalkyl groups which
have one or more carbon-carbon double bonds include, but are not limited to, groups such as
cyclopropenyl, cyclobutenyl, cyclopentenyl and cyclohexenyl.

[00102] The term “luminescent enzyme”, “bioluminescent enzyme”, or “luciferase” as used
interchangeably herein refers to a class of oxidative enzymes used in bioluminescence wherein
the enzyme produces and emits light when given a substrate. The luciferase may be a naturally
occurring, recombinant or mutant luciferase that uses a luciferase substrate. The luciferase
substrate may be luciferin, a luciferin derivative or analog, a preluciferin derivative or analog, a
coelenterazine, or a coelenterazine derivative or analog. The luminescent enzyme, if naturally
occurring, may be obtained easily by the skilled person from an organism. If the luminescent
enzyme is one that occurs naturally or is a recombinant or mutant luminescent enzyme, ¢.g. one
which retains activity in a luciferase-coelenterazine or luciferase-luciferin reaction of a naturally
occurring luminescent enzyme, it can be obtained readily from a culture of bacteria, yeast,
mammalian cells, insect cells, plant cells, or the like, transformed to express a nucleic acid
encoding the luminescent enzyme. Further, the recombinant or mutant luminescent enzyme can
be derived from an in vitro cell-free system using a nucleic acid encoding the luciferase.

Suitable luminescent enzymes include luciferases derived from bioluminescent decapods, such
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as from the Oplophoroidea (¢.g. Oplophorus-derived luciferases), beetle luciferases (e.g.,
Photinus pyralis, Photuris pennsylvanica, etc.), marine organisms such as cnidarians (e.g.,
Renilla luciferase), Aristeidae, Solenoceridae, Luciferidae, Sergestidae, Pasipheidae and
Thalassocarididae decapoda families, copepod luciferases, such as Gaussia luciferase, such as
Gaussia princeps luciferase, Metridia luciferases, such as Metridia longa and Metridia pacifica
luciferases, Vargula luciferases, such as Vargula hilgendorfii luciferase, Pleuromamma xiphias
luciferase, and photoproteins, such as Aequorin, and variants, recombinants, and mutants thereof.
[00103] A “luminescent reaction mixture” contains materials that will allow the luminescent
enzyme to generate a light signal, i.e., luminescence. The mixture may also contain the enzyme,
e.g., the luciferase enzyme or luciferase. The materials, and the particular concentrations and/or
amounts, needed to generate a luminescent signal will vary depending on the luminescent
enzyme used as well as the type of assay being performed. Often other materials will be added
to the solution including: a buffer to maintain the reaction at the proper pH, an additive such as
PRIONEX or Bovine serum albumin (BSA) to help maintain enzyme activity, reducing agents,
detergents, etc.

[00104] As used herein, the term “methylenedioxy” refers to a —OCH;O— group wherein the
oxygen atoms of the methylenedioxy are attached to the parent molecular moiety through two
adjacent carbon atoms.

[00105] As used herein, the term “natural amino acid” refers to any one of the common,
naturally occurring L-amino acids found in proteins, including glycine (Gly), alanine (Ala),
valine (Val), leucine (Leu), isoleucine (Ile), lysine (Lys), arginine (Arg), histidine (His), proline
(Pro), serine (Ser), threonine (Thr), phenylalanine (Phe), tyrosine (Tyr), tryptophan (Trp),
aspartic acid (Asp), glutamic acid (Glu), asparagine (Asn), glutamine (Gln), cysteine (Cys) and
methionine (Met).

[00106] As used herein, the term “unnatural amino acid” refers to all amino acids which are
not natural amino acids as described above. Such amino acids include the D-isomers of any of
the 20 naturally occurring amino acids described above. Unnatural amino acids also include
homoserine, ornithine, norleucine, and thyroxine. Additional unnatural amino acids are well
known to one of ordinary skill in the art. An unnatural amino acid may be a D- or L-isomer. An
unnatural amino acid may also be an alpha amino acid or a beta amino acid. An unnatural amino

acid may also be a post-translationally modified amino acid, such as a phosphorylated serine,
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threonine or tyrosine, an acylated lysine, or an alkylated lysine or arginine. Many forms of post-
translationally modified amino acids are known.

[00107] As used herein, the term “protected amino acid,” refers to an amino acid side chain as
described above which additionally contains a protected functional group. Protecting groups are
well known in the art and are intended to protect such functional groups as amino, hydroxy, thio
or carboxy against undesirable reactions during synthetic procedures. The protecting groups
may be removed by a chemical reaction following the synthesis. Examples of protected amino
acid side chains include benzyloxymethyl derived from serine, (4-methoxyphenyl)methyl
derived from tyrosine, and tert-butylpropanoate derived from glutamate.

[00108] As used herein, the term “amino acid side chain,” refers to the group attached to the a-
carbon of an amino acid. It is the characterizing portion of an amino acid and is derived from a
corresponding amino acid by elimination of the NH;CHC(O)OH moiety. For example, the
amino acid side chain of alanine is methyl, and the amino acid side chain of phenylalanine is
phenylmethyl. An amino acid side chain may be a natural amino acid side chain or an unnatural
amino acid side chain. In some embodiments, an amino acid side chain may be a protected
amino acid side chain.

[00109] As used herein, the term “amino protecting group,” refers to a moiety that prevents
chemical reactions from occurring on the nitrogen atom to which that protecting group is
attached. An amino protecting group must also be removable by a chemical reaction. Such
groups are well known in the art and include those described in detail in Protecting Groups in
Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3«edition, John Wiley & Sons, 1999, the
entirety of which is incorporated herein by reference. Suitable amino protecting groups include,
but are not limited to, carbobenzyloxy (—NHCO—OCH,CH.or —NH-Cbz); t-butyloxycarbonyl
(—NHCO—OC(CH.);or —NH-Boc); 9-fluorenylmethyloxycarbonyl (—NH-Fmoc), 2,2,2-
trichloroethyloxycarbonyl (—NH-Troc), and allyloxycarbonyl (—NH-Alloc). (In each of the
above, the —NH— represents the nitrogen from the amino group that is being protected.)
[00110] As used herein, the term “amino blocking group,” refers to a moiety that prevents
chemical reactions from occurring on the nitrogen atom to which that blocking group is attached.
In contrast to an amino protecting group, an amino blocking group is not intended to be removed

by a chemical reaction. Such groups include, for example, acyl groups such as acetyl (—

37



WO 2015/116867 PCT/US2015/013617

NHCO—CH3), and succinyl ((—NH—CO—CH;—CH;—COQ ). (In each of the above, the —
NH— represents the nitrogen from the amino group that is being blocked.)

[00111] As used herein, the term “aminoluciferin” refers to (4S)-2-(6-amino-1,3-benzothiazol-
2-yl)-4,5-dihydrothiazole-4-carboxylic acid, or a substituted analog of this molecule.

[00112] As used herein, the term “nitrogen protecting group” refers to groups intended to
protect an amino group against undesirable reactions during synthetic procedures.
Representative nitrogen protecting groups include acetyl, benzoyl, benzyl, benzyloxycarbonyl
(Cbz), formyl, phenylsulfonyl, tert-butoxycarbonyl (Boc), tert-butylacetyl, trifluoroacetyl, and
triphenylmethyl (trityl).

[00113] As used herein, the term “oxo” refers to a double bonded oxygen (=0) radical wherein
the bond partner is a carbon atom. Such a radical can also be thought as a carbonyl group.
[00114] The term “peptide” or “polypeptide” refers to a sequence of at least two amino acids.
In some embodiments, a peptide may contain no more than 80 amino acids, or no more than 35
amino acids, or no more than 10 amino acids.

[00115] The term “saccharide” refers to a sugar or other carbohydrate, especially a simple
sugar. It includes both the alpha- and the beta-anomers. The saccharide can be a Cs-polyhydroxy
compound, typically a Ce-pentahydroxy, and often a cyclic glycal. It includes the known simple
sugars and their derivatives, as well as polysaccharides with two or more monosaccharide
residues. The saccharide can include protecting groups on the hydroxyl groups. The hydroxyl
groups of the saccharide can be replaced with one or more acetamido, halo or amino groups.
Additionally, one or more of the carbon atoms can be oxidized, for example to keto or carbonyl
groups. Suitable saccharides include galactose, glucose, glucoronic acid and neurominic acid.
[00116] As used herein, the term “sulfonyl” refers to an >S(O), group.

[00117] A prefix attached to a multi-component substituent only applies to the first component
it precedes. To illustrate, the term “cycloalkylalkyl” contains two components: alkyl and
cycloalkyl. Thus, the C;-Cg-prefix on C;-Cs-cycloalkylalkyl means that the alkyl component of
the cycloalkylalkyl contains from 1 to 6 carbon atoms; the C,-Cg-prefix does not describe the
cycloalkyl component. To illustrate further, the term “halo-C;-Cs-alkyl” refers to halomethyl,
haloethyl, halopropyl, halobutyl, halopentyl, and halohexyl. To illustrate further, the prefix
“halo” on haloalkoxyalkyl indicates that only the alkoxy component of the alkoxyalkyl

38



WO 2015/116867 PCT/US2015/013617

substituent is substituted with one or more halogen radicals. If the halogen substitution may only
occur on the alkyl component, the substituent would instead be described as “alkoxyhaloalkyl.”
[00118] A substituent is “substitutable” if it comprises at least one carbon or nitrogen atom that
is bonded to one or more hydrogen atoms. Thus, for example, hydrogen, halogen, and cyano do
not fall within this definition. In addition, a sulfur atom in a heterocyclyl containing such atom
is substitutable with one or two oxo substituents.

[00119] If a substituent is described as being “substituted”, a non-hydrogen radical is in the
place of hydrogen radical on a carbon or nitrogen of the substituent. Thus, for example, a
substituted alkyl substituent is an alkyl substituent in which at least one non-hydrogen radical is
in the place of a hydrogen radical on the alkyl substituent. To illustrate, monofluoroalkyl is alkyl
substituted with a fluoro radical, and difluoroalkyl is alkyl substituted with two fluoro radicals.

It should be recognized that if there is more than one substitution on a substituent, each non-
hydrogen radical may be identical or different (unless otherwise stated).

[00120] When a substituent is referred to as “unsubstituted” or not referred to as “substituted”
or “optionally substituted”, it means that the substituent does not have any substituents. If a
substituent is described as being “optionally substituted”, the substituent may be either (1) not
substituted or (2) substituted. If a substituent is described as being optionally substituted with up
to a particular number of non-hydrogen radicals, that substituent may be either (1) not
substituted; or (2) substituted by up to that particular number of non-hydrogen radicals or by up
to the maximum number of substitutable positions on the substituent, whichever is less. Thus,
for example, if a substituent is described as a heteroaryl optionally substituted with up to 3 non-
hydrogen radicals, then any heteroaryl with less than 3 substitutable positions would be
optionally substituted by up to only as many non-hydrogen radicals as the heteroaryl has
substitutable positions. To illustrate, tetrazolyl (which has only one substitutable position) would
be optionally substituted with up to one non-hydrogen radical. To illustrate further, if an amino
nitrogen is described as being optionally substituted with up to 2 non-hydrogen radicals, then a
primary amino nitrogen will be optionally substituted with up to 2 non-hydrogen radicals,
whereas a secondary amino nitrogen will be optionally substituted with up to only 1 non-

hydrogen radical.
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[00121] If substituents are described as being “independently selected” from a group, each
substituent is selected independent of the other. Each substituent, therefore, may be identical to

or different from the other substituent(s).

2. Labeling Reagents

[00122] Disclosed are compounds that may be labeling reagents. In certain embodiments, the
compounds of formula (I) are labeling reagents. The labeling reagents can be used for cell uptake
measurements.

[00123] The labeling reagents of the disclosure are compounds of formula (I), or a salt thereof,

O R10 R O

@,

wherein

A 1s a reporter moiety;

R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;

R’ and R'” are independently selected from alkyl;

R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;

L is (CH2)uCR)2(CH)»-Y-C(0)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

YisOor NRIS;

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R**, -alkyl-SO:R*, -alkyl-SO,N(R*)(R*"), -alkyl-COR*®, -alkyl-
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CO,R?, -alkyl-OC(O)R?, -alkyl-OC(O)N(R**}R*"), -alkyl-CON(R™)(R?"), or polyalkoxyalkyl,
wherein the polyalkoxyalkyl is unsubstituted or substituted with one or more suitable
substituents; and

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00124] In certain embodiments, RYis H, C,-Cj¢-alkyl, hydroxy-C;-Css-alkyl, C;-Csp-alkoxy,
carboxy-C;-Cso-alkyl, or amido-C-Cso-alkyl; R’ and R'® are independently selected from C;-Cy-
alkyl; R'" R and R" are independently selected from H, C,-Cs-alkyl, C;-Cs-alkoxy, bromo,
chloro or amino, or R'' and R'? can form a fused phenyl ring; X is O; L
is -(CH,)mC(R'),(CH,),-Y-C(0)-; R" is independently H, C;-C4-alkyl or both R'” together can
form an alkyl ring having from 3-7 carbons; m is an integer from 0-2; n is an integer from 0-2;Y
is O or NR"; R is H, C;-Cs¢-alkyl, hydroxy-C;-Cse-alkyl, azido-C;-Cse-alkyl, cyano-C;-Cso-
alkyl, halo-C,-Csp-alkyl, C5-Cs-alkenyl, C2-Csp-alkynyl, -C;-Csp-alkyl-N(R*YC(O)R*, -C-C3o-
alkyl-SO:R”, -C;-Cs¢-alkyl-SO,N(R**)(R?"), -C,-C3-alkyl-COR?®, -C-C3¢-alkyl-CO,R*, -C)-
C30-alkyl-OC(O)R?, -C}-C3p-alkyl-OC(O)N(R*)R™), -C;-Cig-alkyl-CON(R**YR™), or
polyalkoxyalkyl, wherein the polyalkoxyalkyl is unsubstituted or substituted with one or more
suitable substituents; and R*, R**, R”, R*, R¥, R*®, R®, R™, and R*! are cach independently
selected from hydrogen, C,-Cy-alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00125] In certain embodiments, R s H, C,-C¢-alkyl, hydroxy-C,-Cs-alkyl, C;-Cs-
alkoxy, -C;-Cs-alkyl-CO,H, or -C;-Cs-alkyl-amide.
[00126] In certain embodiments, R"is methyl.
[00127] In certain embodiments, R' is carboxyalkyl. In certain embodiments, R'* is -C5-Cs3o-
alkyl-CO,H. In certain embodiments, R
is -CH,CO;H; -(CH;),CO;H; -(CH,);:CO,H; -(CH,)4CO,H; -(CH;)sCO,H; -(CH;)sCO.H; -(CH3)
7CO,H; -(CH;)3CO,H; -(CH2)9oCOH; -(CH;),10CO,H; -(CH2)11CO,H; -(CH3)12CO.H; -(CH3),3C
O;H; -(CH2)14CO,H; -(CH3)15CO2H; -(CH3)16CO,H; -(CH>)17CO;H; -(CH,);3CO,H; -(CH;),0CO
H; -(CHz)zocozH; -(CH2)21C02H; -(CHz)zzcozH; -(CHz)zscozH; -(CH2)24C02H; -(CHz)zscoz
H; -(CH3)26CO,H; -(CH;),7CO,H; -(CH;),3sCO,H; -(CH;)20CO,H; or -(CH;)30CO,H. In certain
embodiments, R'* is -(CH,),sCO,H.
[00128] In certain embodiments, R’ R R', R' R", and R' are cach methyl.

41



WO 2015/116867 PCT/US2015/013617

[00129] In certain embodiments, in the variable L, mis 1, R is hydrogen at each occurrence,
and nis 0. In certain embodiments, in the variable L, mis 1, R is hydrogen at each occurrence,
nis 0, and Y is NR". In certain embodiments, L is -CH,CH,-NR">-C(O)-.

[00130] In certain embodiments, A is a bioluminescent reporter moiety. In certain
embodiments, A is a luciferin, a luciferin derivative or analog, a preluciferin or analog,
coelenterazine or a coelenterazine derivative or analog. In some embodiments, A is luciferin,
pro-luciferin, aminoluciferin, quionolyl-luciferin, napthyl luciferin, chloroluciferin,
coclenterazine, furimazine, coclenterazine-n, coclenterazine-f, coclenterazine-h, coelenterazine-
hep, coelenterazine-cp, coelenterazine-c, coelenterazine-e, coclenterazine-fcp, bis-
deoxycoelenterazine (“‘coelenterazine-hh’), coelenterazine-i, coelenterazine-icp, coelenterazine-
v, and 2-methyl coelenterazine, in addition to those disclosed in WO 2003/040100, U.S. Patent
Publication No. 20080248511, and U.S. Patent Publication No. US 20120117667, the disclosures
of which are incorporated by reference herein.

[00131] In certain embodiments, A is a fluorescent reporter moiety. In certain embodiments, A
is a coumarin, R110, fluoroscein, DDAO, resorufin, cresyl violet, sily xanthene, or
carbopyronine. In some embodiments, A is rhodamine 123, rhodamine X, Alexa dyes (e.g.,
Alexa Fluor-350, -430, -488, -and -660), DyLight 594, , sulforhodamine B, sulforhodamine 101,
sulfonyl chloride derivative of sulforhodamine 101 (Texas Red), fluorescein, 6-
carboxyfluorescein (6-FAM), 5-carboxyfluorescein (5-Fam), 5- or 6-carboxy-4,7,2",7'-
tetrachlorofluorescein (TET), 5- or 6-carboxy-4'52'4'5"7" hexachlorofluorescein (HEX), 5’ or 6'-
carboxy-4', 5'-dichloro-2,"7'-dimethoxyfluorescein (JOE), 6-JOE, 5-carboxy-2',4",5",7'-
tetrachlorofluorescein (ZOE) rhodol, fluorescein isothiocyanate, coumarin, 7-amino-4-
methylcoumarin, aminocoumarin, hydroxycoumarin,, silyl xanthene, or carbopyronine. In certain
embodiments, A is a bicyclic aryl or heteroaryl, each of which are independently unsubstituted or
substituted with one or more suitable substituents. In certain embodiments, A is a bicyclic aryl
or heteroaryl, each of which are independently unsubstituted or substituted with 1, 2, 3, 4, or 5
substituents independently selected from the group consisting of alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, di(alkyl)aminoalkyl, cyanoalkyl,
alkoxy, haloalkoxy, cyano, hydroxy, amino, alkylamino, di(alkyl)amino, aryl, heteroaryl,
heterocyclyl, cycloalkyl, arylalkyl, heteroarylalkyl, hetercyclylalkyl, and cycloalkylalkyl,
wherein the aryl, heteroaryl, heterocyclyl, cycloalkyl, aryl of the arylalkyl, heteroaryl of the
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heteroarylalkyl, heterocyclyl of the hetercyclylalkyl, and cycloalkyl of the cycloalkylalkyl are
cach independently unsubstituted or substituted with 1, 2, or 3 substituents independently
selected from alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, di(alkyl)aminoalkyl, cyanoalkyl, alkoxy, haloalkoxy, cyano, hydroxy, amino,
alkylamino, and di(alkyl)amino.

[00132] In certain embodiments, A is a luciferin, luciferin derivative or analog (e.g., luciferin
ester), preluciferin, preluciferin derivative or analog, cyanobenzothiazole, coelenterazine, a
coelenterazine derivative (e.g., furimazine) or analog, or a fluorophore.

[00133] In certain embodiments, A is selected from the group consisting of:

R2

\_/ %

N

N
R RY
a coelenterazine ; a preluciferin - and
S S
N N
R® COOR!

R4
a luciferin ;

wherein R' is H, C-C4-alkyl, hydroxy-C;-C4-alkyl, C3-Cs-cycloalkyl, aryl, benzyl or
substituted benzyl, heterocyclyl, heteroaryl, or -(CH»),-P(Ph)3, wherein q is an integer selected
from 1,2, 3, 4, 5, and 6; R* is -CH,-aryl or -CH,-heteroaryl; R*is hydrogen, halogen, methyl, or
trifluoromethyl; R’ is hydrogen, halogen, methyl, or trifluoromethyl; R’ is aryl (e.g., phenyl),
substituted aryl (e.g., 4-hydroxyphenyl), -CH,-aryl, or -CH,-heteroaryl; and R® is -CH,-aryl
or -CHy-heteroaryl. In certain embodiments, the -CHs-aryl is benzyl. In certain embodiments,

the -CH,-heteroaryl is furylmethyl.
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[00134] In certain embodiments, A is selected from the group consisting of:

N// N N// N
HO

coelenterazine HH . coelenterazine H
OH O
\
NS
= =
N /N N /N
Y y
N N
HO
coelenterazine . Furimazine .
O
\\
=
N~ N
N
N COOH
S S N
)—CN <
HO N N S
Furimazine H . preluciferin . luciferin - and

1
s N COOR
/>_</
N S

luciferin ester

wherein R is C;-Cy-alkyl, hydroxy-C,-Cy-alkyl, C:-Cs-cycloalkyl, aryl, benzyl or
substituted benzyl, heterocyclyl, heteroaryl, or -(CH»),-P(Ph)3, wherein q is an integer selected
from1, 2, 3,4, 5, and 6.
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[00135] In certain embodiments, R" is H, C,-Cg-alkyl, hydroxy-C;-Cs-alkyl, C,-Cs-alkoxy,
carboxy-C;-Cs-alkyl, amido-C;-Cs-alkyl, or polyalkoxyalkyl, wherein the polyalkoxyalkyl is
unsubstituted or substituted with one or more suitable substituents.

[00136] In certain embodiments, R" is polyalkoxyalkyl having 1,2, 3, 4, 5, or 6 repeating
alkoxy units.

[00137] In certain embodiments, R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl is -(C,-
Cs-alkoxy)«-C1-Cs-alkyl, -(C,-Ces-alkoxy)x-C,-Ce- haloalkyl, -(C,-Cs-alkoxy)-hydroxy-C,-Cs-
alkyl, -(C,-Cs-alkoxy)g-amino-C,-Cg-alkyl, -(C,-Cs-alkoxy),-C;-Cs-alkylamino-C,-Ce-alkyl,-
(C,-Cg-alkoxy),di(C,-Cs-alkyl)amino-C,-Cs-alkyl, -(C,-Cs-alkoxy)s-azido-C,-Ce-alkyl, -(C,-Cs-
alkoxy)s-cyano-C;-Cg-alkyl, -(C,-Cs-alkoxy)s-C,-Cs-alkenyl, -(C,-Cg-alkoxy)s-C,-Cy-alkynyl, -
(C,-Cs-alkoxy)-N(R*)C(O)R?, -(C1-Cs-alkoxy)y-SO3R*, -(C2-Cg-alkoxy)s-Co-Ce-alkyl-
SON(R Y R?), «(C1-Cs-alkoxy)-C,-Cs-alkyl-COR?®, -(C,-Cg-alkoxy)y-C-Cs-alkyl-OC(O)R”,
~(C1-Cg-alkoxy)-C,-Co-alkyl-OC(OINR )R ™), -(C,-Cs-alkoxy)y-C,-Cs-alkyl-CO,R*, or -(Cs-
Cg-alkoxy)g-Co-Ce-alkyl-CON(R*)YR?"), wherein R, R**, R”, R*, R, R**, R®, R*’, and R*!
are cach independently selected from hydrogen, C;-Cy-alkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl; and x is an integer selected from 1 to 20.

[00138] In certain embodiments, R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl is
unsubstituted or substituted with 1 to 3 substituents independently selected from the group
consisting of C;-Cg-alkyl, C,-Cs-alkoxy-C,-Cg-alkyl, halo-C,-Cs-alkyl, halo-C,-Cs-alkoxy-C;-
Ce-alkyl, hydroxy-C;-Cs-alkyl, amino-C;-Cs-alkyl, C;-Cg-alkylamino-C;-Cs-alkyl, di(C;-Ce-
alkyl)amino-C,;-Cg-alkyl, azido-C;-Cs-alkyl, cyano-C;-Cs-alkyl, C;-Cg-alkoxy, halo-C;-Cs-
alkoxy, C-Cs-alkoxy-C,-Cg-alkoxy, C,-Ce-alkenyl, C,-Cs-alkynyl, -N(R*)C(O)R*, -SO:R”, -
SO,NR*)R?), -COR?®, -CO,R?, and -CON(R™)(R*"), wherein R*, R*, R, R, R’ R*® R”,
R, and R*' are cach independently selected from hydrogen, C1-Cs-alkyl, aryl, heteroaryl,
heterocyclyl, and cycloalkyl.

[00139] In certain embodiments, R" is a substituted polyalkoxyalkyl of formula:

wherein
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R* is selected from the group consisting of hydrogen, C;-C4-alkyl, C,-Cy-alkenyl, C,-
Cs-alkynyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl, wherein the aryl, heteroaryl,
heterocyclyl, and cycloalkyl are each independently unsubstituted or substituted with one or
more suitable substituents; and

X 1§ an integer selected from 1 to 20.

[00140] In certain embodiments, R is hydrogen.

[00141] In certain embodiments, R* is a 5- or 6-membered heterocyclyl, having 1, 2, or 3
heteroatoms independently selected from the group consisting of N, O, and S, wherein said
heterocyclyl is unsubstituted or substituted with 1, 2, or 3 substituents independently selected
from alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
di(alkyl)aminoalkyl, cyanoalkyl, alkoxy, haloalkoxy, cyano, hydroxy, amino, alkylamino,

di(alkyl)amino. In certain embodiments, R* is

o ]

N

[00142] In certain embodiments, -OR™ is defined as a leaving group.

[00143] In certain embodiments, x is 2, 3, or 4.

[00144] In certain embodiments, R" is a carboxyalkyl selected from the group consisting

of: -CH,CO;H; -(CH;),CO,H; -(CH,);CO,H; -(CH,)4sCOH; -(CH,)sCO,H; -(CH,)sCO,H; -(CH;
)7CO2H; -(CH;)sCO;H; -(CH,)oCO,H; -(CH>)10CO;H; -(CH;),:CO,H; -(CH;)1,CO,H; -(CH3):3C
O;H; -(CH2)14CO,H; -(CH3)15CO2H; -(CH3)16CO,H; -(CH>)17CO;H; -(CH,);3CO,H; -(CH;),0CO
2H; -(CH2)20CO2H; -(CHy)21CO,H; -(CH,)22CO2H; -(CH,),3CO,H; -(CH,)24CO2H; -(CHy),5CO;
H; -(CH,)26CO,H; -(CH;),7CO,H; -(CH;),3CO;H; -(CH;)20CO,H; and -(CH;)3CO,H. In certain
embodiments, R" is -(CH,)16CO,H.

[00145] In certain embodiments, R" is
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. H\/\N
! /
YQ\/O{\/\’(H\/\N
: /J
o) ; and

cach x is independently 0 to 20. In certain embodiments, each x is independently 0, 1,
2,3, or4.

[00146] In certain embodiments, compounds of formula (I) have formula (I-1), or a salt thereof,

FQ15
@) R10 R @) /
N
RU /<CH2)mC<R”)2<CHz)n/
N O\
A
F214 @)
FQ12 FQ13
O

(I_i)a
wherein R®, R'?, R', R"2, R”, R" R, RY, m, n, and A are as defined above. In

certain embodiments, A is selected from the group consisting of:
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RZOO

N/ J
%CN

R?15 and

wherein R* is phenyl, 4-hydroxyphenyl, or furyl; and R*" is hydrogen or hydroxy.
[00147] In certain embodiments, compounds of formula (I) have formula (I-ii), or a salt

thereof,

O R10 R O T
R /\/N O
| T
N
R4 o) N /
R']Z R']3
I \
N

R215

RZOO

(I-ii),
wherein R* is phenyl, 4-hydroxyphenyl, or furyl; R*"” is hydrogen or hydroxy; and
R%, R, R'" R RY, R and R" are as defined above.

48



WO 2015/116867 PCT/US2015/013617

[00148] In certain embodiments, compounds of formula (I) have formula (I-iv), or a salt
thereof,
OR4O

RZOO

RY N 0
N/\/ \H/ =
| /N
o} N

R']4
R']Z R']3
o] \ /
N

R215
(I-iv),
wherein R* is phenyl, 4-hydroxyphenyl, or furyl; R*"” is hydrogen or hydroxy; and
R%, R, R" R RY, R R™, and x are as defined above.
[00149] In certain embodiments, compounds of formula (I) have formula (I-iii), or a salt

thereof,

15

O R10 R? O T
1
R N NTO S
| >—on
R14 O /
R12 R13 N
0]
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(T-iii),
wherein R®, R'?, R'", R'2, R”?, R", and R"’ are as defined above.
[00150] In certain embodiments, compounds of the invention have formula (I-v), or a salt

thereof,
o) R40

(I_V)a
wherein R®, R'?, R', R"2, R”, R, R™, and x are as defined above.

[00151] In certain embodiments, compounds of formula (I) have formula (I-vi), or a salt

thereof,
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OR40
0]
O
+
O R10 =g O

R11 /\/N O

N T A

R4 O
R']Z R']3

(I_Vi)a
wherein R®, R'?, R', R"2, R”, R", R™, x, and A are as defined above. In certain

embodiments, A is selected from the group consisting of:

=
\/
\ /
= o

wherein R* is phenyl, 4-hydroxyphenyl, or furyl; and R*" is hydrogen or hydroxy.
[00152] In certain embodiments, compounds of formula (I) have formula (I-vii), or a salt

thereof,

51



WO 2015/116867 PCT/US2015/013617

CO,H

0] R10 R 0] (HZT)Z/

R N/\/N O\A
|
o]

R']4

(I-vii),
wherein z is an integer selected from 1 to 30; and R%, R’ R'" R, RY, R"™, and A are
as defined above. In certain embodiments, z is 16.
[00153] In certain embodiments, compounds of formula (I) have formula (I-viii), or a salt

thereof,
CO,H

O R']O R9 O (HZC)Z/
R /\/IL O\
N A

(I-viii),
wherein y and z are each an integer independently selected from 1 to 30; and R’, R,
R'", R'2, R", and A are as defined above. In certain embodiments, yis 15 and z is 16.
[00154] In certain embodiments, the compound of formula (I) is selected from the group

consisting of:
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OH

5463: 16-(((8-benzyl-2-(furan-2-ylmethyl)-6-phenylimidazo[1,2-a]pyrazin-3-
yl)oxy)carbonyl)-19,22-dimethyl-20-0x0-22-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-

4,7,10,13-tetraoxa-16,19-diazatricosan-1-oic acid;

\/\

O™\ -0
N\
N’\/N\

A
d

5470: 13-(((2,8-dibenzyl-6-phenylimidazo[ 1,2-a]pyrazin-3-yl)oxy)carbonyl)-16,19-
dimethyl-17-0x0-19-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-4,7,10-trioxa-13,16-

P Yo
N
N

diazaicosan-1-oic acid;
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0 ®)
HO
NN
oA
i\ \
Na \N

5471: 10-(((2,8-dibenzyl-6-phenylimidazo[ 1,2-a]pyrazin-3-yl)oxy)carbonyl)-13,16-
dimethyl-14-ox0-16-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-4,7-dioxa-10,13-

diazaheptadecan-1-oic acid;

I
% INJOLO/Q:Z\)—CN
)

o)

|
b

5508: 2,5-dioxopyrrolidin-1-yl 10-(((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)-
13,16-dimethyl-14-0x0-16-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-4,7-dioxa-10,13-

diazaheptadecan-1-oate;
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(@)
| (@)
e Bes st
3
|,

(S)-2-(6-(((2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)(2-(2-(3-((2,5-dioxopyrrolidin-1-yl)oxy)-3-
oxopropoxy )ethoxy)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-

carboxylic acid;

CO,H
17-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-

3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)heptadecanoic acid;
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5915: 2-cyanobenzo[d]thiazol-6-yl (2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)(2-(2-(3-((2-(2,5-diox0-2,5-dihydro-1H-pyrrol-
1-yl)ethyl)amino)-3-oxopropoxy)cthoxy)ethyl)carbamate;

o 0
0
A T don
$
(
OVO/\/
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5916: 2-cyanobenzo[d]thiazol-6-yl (2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)(15-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-yl)-12-

0x0-3,6,9-trioxa-13-azapentadecyl)carbamate;

5917: 2-cyanobenzo[d]thiazol-6-yl (2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)(4-((2-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-
yl)ethyl)amino)-4-oxobutyl)carbamate; and
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5918: 2-cyanobenzo[d]thiazol-6-yl (2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)(6-((2-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-

yl)ethyl)amino)-6-oxohexyl)carbamate; or a salt thereof.

3. Agents

[00155] The disclosed compounds may be used as labels that allow for the detection of an
agent taken up by cells, tissues or organs. An agent may include a variety of compositions of
matter. The disclosed compounds can be used to label a broad range of molecules, including but
not limited to, biological agents or biomolecules such as polypeptides, polypeptide-based toxins,
amino acids, nucleotides, polynucleotides including nucleic acids such as DNA and RNA, lipids,
sugars, carbohydrates, detergents, and enzyme substrates, and any combination thercof. The
disclosed compounds can also be used to label biological molecules, including but not limited to,
antibodies, nanobodies, haptens, small molecules, drugs, drug compounds, ion-complexing
agents, such as metal chelators, microparticles, synthetic or natural polymers, cells, viruses, other
fluorescent molecules, such as FAM diamine, or surfaces, and any combination thereof. The
drug, or derivative of a drug, may be a bile acid, such as ursodeoxycholic acid (UDCA),

chenodeoxycholic acid (CDCA), lithocholic acid (LCA), and deoxycholic acid (DCA), a statin,
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such as rosuvastatin, or an estradiol, such as estradiol glucuronide. The agent may be an
antibody. The resulting labeled agents may be referred to as conjugates or tracers.

[00156] The polypeptide may be an antibody, an antibody-like moiety, such as a centyrin
(Centyrex), or lipoprotein. The antibody may be a multispecific antibody, a human antibody, a
humanized antibody (fully or partially humanized), an animal antibody such as, but not limited
to, a bird (for example, a duck or a goose), a shark, a whale, and a mammal, including a non-
primate (for example, a cow, a pig, a camel, a llama, a horse, a goat, a rabbit, a sheep, a hamster,
a guinea pig, a cat, a dog, a rat, a mouse, etc.) or a non-human primate (for example, a monkey, a
chimpanzee, etc.), a recombinant antibody, a chimeric antibody, a single-chain Fv (“scFv”), a
single chain antibody, a single domain antibody, a Fab fragment, a F(ab') fragment, a F(ab')2
fragment, a disulfide-linked Fv (“sdFv”), and an anti-idiotypic (“anti-1d”) antibody, a dual-
domain antibody, a dual variable domain (DVD) or a triple variable domain (TVD) antibody
(dual-variable domain immunoglobulin, and functionally active epitope-binding fragment of any
of the above. In particular, an antibody includes an immunoglobulin molecule and an
immunologically active fragment of an immunoglobulin molecule, namely, a molecule that
contain an analyte-binding site. Immunoglobulin molecules can be of any type (for example,
IgG, IgE, IgM, IgD, IgA, and IgY), class (for example, IgG1, 1gG2, 1gG3, 1gG4, IgA1, and
IgA2), or subclass. The antibody may be a therapeutic antibody such as Trastuzumab
(Herceptin), Abciximab (ReoPro), Adalimumab (Humira), Alemtuzumab (Campath),
Basiliximab (Simulect), Belimumab (Benlysta), Bevacizumab (Avastin), Brentuximab vedotin
(Adcetris), Canakinumab (Ilaris), Cetuximab (Erbitux), Certolizumab pegol (Cimzia),
Daclizumab (Zenapax), Denosumab (Prolia, Xgeva), Eculizumab (Soliris), Efalizumab
(Raptiva), Gemtuzumab (Mylotarg), Golimumab (Simponi), Ibritumomab tiuxetan (Zevalin),
Infliximab (Remicade), Ipilimumab (MDX-101; Yervoy), Muromonab-CD3 (Orthoclone
OKT3), Natalizumab (Tysabri), Ofatumumab (Arzerra), Omalizumab (Xolair), Palivizumab
(Synagis), Panitumumab (Vectibix), Ranibizumab (Lucentis), Rituximab (Rituxan, Mabthera),
Tocilizumab (or Atlizumab) (Actemra and RoActemra), and Tositumomab (Bexxar). Further

example antibodies are also found in Table 1.
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Table 1

Antigens Antibodies
CD30 Ch IgG1
CD22 Hz 1gG4
CD33 Hz 1gG4
CDI19 Hz IgG1
CD138 Ch 1gG4
CD22 Hz IgG1
CD79 Hz IgG1
CD74 Hz IgG1
HER2 Hz IgG1
GPNMB Hu IgG2
PSMA Hu IgGl
CD56 Hz IgG1
SLC44A4 Hu IgG2
CAb6 Hu IgGl
CA-1X Hu IgGl
Mesothelin Hu IgGl1
CD70 Hu IgGl
CD66e¢/CEACAMS Hz IgG1
Nectin-4 Hu IgGl1

Ch: chimeric; Hz: humanized; Hu: fully human; GPNMB: Glycoprotein NMB; PSMA: prostate specific membrane

antigen.

[00157] The polypeptide may be Cholecystockinin (CCK), such as herring CCK-8, i.c.,
DYMGWMDF (SEQ ID NO: 1).
[00158] The lipoprotein may be high-density lipoprotein (HDL), low-density lipoprotein
(LDL), intermediate-density lipoprotein, oxidized LDL, very low-density lipoprotein (VLDL),
chylomicrons, chylomicron remnants, and non-natural lipoproteins.
[00159] Additionally, the compounds may be used to label non-biological agents, including but
not limited to, solid supports/surfaces, nanoparticles, such as [60] fullerene, core-shell
nanoparticles, liposome, dendrimer, and gold nanoparticles, and detergents. The detergent may
be comprised within a liposome and/or solid-lipid nanoparticle (SLN) that may optionally be
used to test drug delivering efficiency. The detergent may be a transfecting reagent, such as
Lipofectamine® 2000 or Fugene 6.

a. Methods of Labeling an Agent
[00160] The disclosed compounds may be used to label an agent. In some aspects, the

compounds can be conjugated with a nucleoside, nucleotide, or a polynucleotide. The
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compounds of the invention may be conjugated with a nucleoside, nucleotide, or polynucleotide
in any way known to one of ordinary skill in the art such as through a phosphoramidite, an
activated ester or a reactive platinum complex. In certain embodiments, the labeling compounds
may be conjugated to an agent using an activated carboxylic acid such as an NHS ester,
pentafluorobenzene ester, an anhydride, an acetyl chloride; or using direct carboxylic acid and
amine coupling reactions, or click chemistry, or maleimide, or activated carbonate, or
phosphoramidite.

[00161] For example, as shown in Scheme 1, a labeling reagent can be attached to dU
allylamine phosphoamidite and further incorporated in oligomers of interest by a traditional
phosphoamidite chemistry. Alternatively, dU allylamine modified oligomers of interest can be
labeled with the labeling reagent through an activated ester by post labeling. If those labeled
oligos are primers of interest, they can also be used to amplify a sequence of interest through

PCR.
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Scheme 1

Labetd-Sninoaihy-dU-phasphosanidice

ssssss ‘;'{f;:

[00162] In certain embodiments, a labeled agent may have formula (II), or a salt thereof,
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linker
(@) R10 R 0] /
N
RY /(CHz)mC(R”)z(CHz>n/
N O\
A
F214 (@)
F212 F213
(0]

(D),
wherein the linker is a bond or a carbon chain that covalently attaches the parent
molecular moiety to the agent, wherein the carbon chain is optionally interrupted by one or more
nitrogen atoms, oxygen atoms, carbonyl groups, (substituted) aromatic rings, or peptide bonds;
the agent is a target of interest; and R%, R, R" R' RY, R R, and A are as defined above.

[00163] In certain embodiments, the labeled agent of formula (IT) may have formula (II-1), or a

salt thereof,
linker
O R10 R? O /
RY N
T/\/ >/O\
R14 K A
FQ12 FQ13

(Il_i)a
wherein the linker, the agent, R%, R, R'" R RY, R™ RY, and A are as defined

above.
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[00164] In certain embodiments, the labeled agent of formula (I1) may have formula (II-ii), or a

salt thereof,
agent
0
0
<
0] R10 R 0]
R /\/N O
N \H/ A
R™ o)
R']Z R']3

(11-i1),
wherein the agent, R%, R, R" R RY, R, x, and A are as defined above.

[00165] In certain embodiments, the labeled agent of formula (I) may have formula (II-iii),

O R0  R9 O fatty Acid
R /\/N O
T T \A
R4 0
R']Z R']3
0
(I-111),

wherein R%, R'?, R', R"2, R”, R", and A are as defined above.

[00166] In certain embodiments, the labeled agent may have formula (I1I),
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O
- +
O_P_OCHchzN(CH3)3
O
CH,

HC——OR

CH,OR
(II-iv),
wherein each R is independently selected from hydrogen, alkyl, alkenyl, and a group

of formula (a):

O R'] 0 R9 O (H2C 7z

|
R N/\/NTO\A
| O

R']4

(a),

wherein R%, R'?, R'", R'2, R”, R", z, and A are as defined above; wherein at least one
R group is formula (a).
[00167] In certain embodiments, the agent in the above formulas is selected from the group
consisting of: a polypeptide, a polypeptide-based toxin, an amino acid, a nucleotide, a
polynucleotide, including nucleic acids such as DNA and RNA, a lipid, a carbohydrate, and an
enzyme substrate, or any combination thereof. In certain embodiments, the agent is a peptide, an
antibody, a lipoprotein, a protein, a nucleotide, a sugar, a fatty acid, a detergent, or a lipid. In
certain embodiments, the agent is an antibody. In certain embodiments, the agent in the above
formulas is selected from the group consisting of: a therapeutic drug, a small molecule, and a

nanoparticle, or any combination thereof.
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[00168] In other aspects, the disclosed labeling reagents can be conjugated with an amino acid,
an amino acid analog, or a polypeptide. In other aspects, the disclosed labeling reagents can be
conjugated with a small molecule, ¢.g., a drug or drug compound. In some aspects, the

conjugated small molecule can be used as a fluorescent tracer.

4. Labeled Agents

[00169] In certain embodiments, the compounds of the present disclosure are labeled agents.

The labeled agents are compounds of formula (I), or a salt thereof,

O R10 R O

)

wherein

A 1s a reporter moiety;

R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;

R’ and R'” are independently selected from alkyl;

R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;

L is (CH2)uCR)2(CH)»-Y-C(0)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

YisOor NRIS;

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R*', -alkyl-SO:R?, -alkyl-SO,N(R**)(R*"), -alkyl-COR?®, -alkyl-
CO,R?, -alkyl-OC(O)R”, -alkyl-OC(O)N(R**}R*"), -alkyl-amide, or polyalkoxyalkyl, wherein
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the polyalkoxyalkyl and -alkyl-amide are unsubstituted or substituted with one or more suitable
substituents; and

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00170] In certain embodiments, the agent being labeled is selected from aryl, arylalkyl,
cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocycle, hydroxyalkyl, protein, polypeptide,
polypeptide-based toxin, amino acid, nucleotide, polynucleotide, lipid, sugar, carbohydrate,
enzyme substrate, drug, derivative of a drug, polymer-linked nanoparticle, antibody, detergent,
and a dye, or a combination thereof.
[00171] In certain embodiments, Y is NR".
[00172] In certain embodiments, RP comprises the agent.
[00173] In certain embodiments, R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl,
haloalkyl, alkenyl, alkynyl, -alkyl-N(R*)C(O)R**, -alkyl-SO;R*’, -alkyl-SO,N(R**}(R*"), -alkyl-
COR?, -alkyl-CO,R”, -alkyl-OC(O)R”, -alkyl-OC(O)N(R**)(R™), -alkyl-amide, or
polyalkoxyalkyl, wherein the polyalkoxyalkyl and -alkyl-amide are unsubstituted or substituted
with one or more suitable substituents; and RZS, R24, RZS, R26, R27, RZS, R29, RSO, and R*! are each
independently selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00174] In certain embodiments, R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl is
selected from the group consisting of -(C,-Cg-alkoxy)s-alkyl, -(C,-Cg-alkoxy)s-haloalkyl, -(C,-
Ce-alkoxy)s-hydroxyalkyl, -(C,-Cs-alkoxy)c-aminoalkyl, -(C,-Ce-alkoxy)s-alkylaminoalkyl, -(C,-
Ce-alkoxy)di(alkyl)aminoalkyl, -(C,-Cs-alkoxy)s-azidoalkyl, -(C,-Cs-alkoxy)s-cyanoalkyl, -(C,-
Cs-alkoxy)-alkenyl, -(C,-Ce-alkoxy)y-alkynyl, -(C,-Ce-alkoxy)s-N(R*)YC(O)R™, -(C,-Ce-
alkoxy)x-SO3R?, -(C,-Cg-alkoxy)s-alkyl-SO,N(R™)R?"), -(C,-Cg-alkoxy)-alkyl-COR?®, -(C,-
Cs-alkoxy),-alkyl-OC(O)R?, -(C,-Cg-alkoxy),-alkyl-OC(OIN(R*}R™), -(C,-Cs-alkoxy)s-alkyl-
CO,R”, -(C,-Cg-alkoxy)c-alkyl-CON(R**)(R™) and -(C,-Cs-alkoxy)y-alkyl-(CO)-NR**-
(CR*R),-NR*(CO)-T, wherein

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl;

X 18 an integer selected from 1 to 20;

R* and R* are each independently selected from hydrogen, alkyl, carboxy, a peptide,

a drug, a biologically active moiety, and a dye;
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R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

[00175] In certain embodiments, R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl is -(C,-
Cs-alkoxy)s-alkyl-CON(R**)(R*) or -(C,-Cs-alkoxy)s-alkyl-(CO)-NR*-(CR*R"),-NR*(CO)-T;

X 18 an integer selected from 1 to 20;

R*” and R™* are each independently selected from hydrogen, alkyl, carboxy, aryl,
arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocycle, hydroxyalkyl, protein,
polypeptide, polypeptide-based toxin, amino acid, nucleotide, polynucleotide, lipid, sugar,
carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-linked nanoparticle,
antibody, detergent, and a dye, or a combination thereof;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent and a dye, or a combination thereof.

[00176] In certain embodiments, R

WWWIT
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2

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,

wherein

heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof; and

X 1§ an integer selected from 1 to 20.
[00177] In certain embodiments, xis 1to 10, 1to 8, 1to6,1t05,1to4,1to3,0or1to2.1In
certain embodiments, x is 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20.
[00178] In certain embodiments, R" is -alkyl-amide, wherein the -alkyl-amide is -alkyl-
CON(R™)R™) or -alkyl-(CO)-NR**-(CR*R"),-NR**(CO)-T, wherein

R*” and R™* are each independently selected from hydrogen, alkyl, carboxy, aryl,
arylalkyl, cycloalkylalkyl, heteroaryl, heterocycle, alkene, polyol, alkenylpolylol, a peptide, a
drug, a derivative of a drug, a biologically active moiety, and a dye;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and
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T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent and a dye, or a combination thereof.

[00179] In certain embodiments, R

O
H
N\/\ )k
N T
H
H H
N\/\/N !
X T
0 , OF

wherein

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof; and

x 15 0 to 20.
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[00180] In certain embodiments, x is0to 10,0t08,0t06,0t05,0t04,0to3,0or0to2.In
certain embodiments, x1s 0, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20.
[00181] In certain embodiments, R" is

OWN\/\NMT

O
X
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T
O
\=/ 5
H H z
\/Q\/o N N - N
X H 6
o) o) o
HN
0 NH, or
| 0]
O N )k N
;}(\/Y \/\N N/ N
| H
O

O

TMO

wherein x is 1 to 20 and T is an antibody.
[00182] In certain embodiments, when T is a monoclonal antibody, examples of antibodies
include those in Table 1.

[00183] In certain embodiments, R

Ay

wherein T comprises a Cg fullurene. For example, T may be
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[00184] In certain embodiments, R" is —alkyl-T, wherein T is a solid-liquid nanoparticle
(SLN). SLNs mainly comprise lipids that are in solid phase at room temperature and surfactant
for emulsification, the mean diameters of which range from 50nm to 1000 nm for colloid drug
delivery application. Solid lipids that utilized in SLN include fatty acids, triglycerides, steroids
and waxes. Several types of surfactants are commonly used as emulsifiers to stabilize lipid
dispersion.

[00185] In certain embodiments, R" is

O .
wherein T is -NH-PEGggg0-gold nanoparticle, a PAMAM dendrimer, an
oligonucleotide, or a peptide-oligonucleotide conjugate. The oligonucleotide or peptide-

oligonucleotide conjugate may be one from Table 2.

Table 2
. Name Sequence
| Ant-20 NH2ZROQIKIWFOQNRRMEWKKGGC{COOHS-S-5'CCA-
: . b TCCLGA-COCT-CGC-GOT-CC-3-"NH= Quinone-label
Ant mismatch NHZRQIKIWFQNREMEK WKKGGCCOOHSSSCCA-TAC
CAA-CAT-CAC-GCT-CC-3"-NH=Quinone-label
Tat-20 NHZREKERRQRERPPQC(COOHY-8-S-5"CCA-TCCCGA-
— CCT-CGC-GCT-CC-3"NH-Quinone-label

Tat 20mismatch NH2REXRRQRRRPPQC(COOH)-5-8-5"CCA-TAC-CAA-

_ CAT-CAC-GCT-CC-3-"NH- Quinone-label
20 1 5"CAA-TCC-CGA-CCT-CGC-GCT-CC-3"-NH-Quinone-label |

[00186] In certain embodiments, R' is H, C;-Cxg-alkyl, hydroxy-C;-Cxg-alkyl, C;-Csp-alkoxy,
carboxy-C;-C3o-alkyl, or amido-C-C3g-alkyl; R® and R' are independently selected from C,-Cy-
alkyl; R'" R and R" are independently selected from H, C,-Cs-alkyl, C;-Cs-alkoxy, bromo,

chloro or amino, or R'' and R'? can form a fused phenyl ring; X is O; L
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is -(CH)mC(R')2(CH,),-Y-C(0)-; R" is independently H, C,-C4-alkyl or both R'” together can
form an alkyl ring having from 3-7 carbons; m is an integer from 0-2; n is an integer from 0-2;Y
is O or NR"; R is H, C;-Cs¢-alkyl, hydroxy-C;-Cse-alkyl, azido-C;-Cse-alkyl, cyano-C;-Cso-
alkyl, halo-C,-Csp-alkyl, C5-Cs-alkenyl, C2-Csp-alkynyl, -C;-Csp-alkyl-N(R*YC(O)R*, -C-C3o-
alkyl-SO3R”, -C1-C3-alkyl-SO,N(R*)R?"), -C,-C3p-alkyl-COR?®, -C}-C3¢-alkyl-CO,R*, -C-
Csp-alkyl-OC(O)R?, -C;-C3p-alkyl-OC(O)N(R)R?), -C;-Cag-alkyl-CON(R YR, or
polyalkoxyalkyl, wherein the polyalkoxyalkyl is unsubstituted or substituted with one or more
suitable substituents; and R*, R**, R”, R*, R¥, R*®, R®, R™, and R*! are cach independently
selected from hydrogen, C;-Cy-alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.

[00187] In certain embodiments, R' is H, C;-Cg-alkyl, hydroxy-C;-Cs-alkyl, C;-Cg-

alkoxy, -C;-Cs-alkyl-CO,H, or -C;-Cs-alkyl-amide.

[00188] In certain embodiments, R' is methyl.

[00189] In certain embodiments, R' is carboxyalkyl. In certain embodiments, R'* is -C5-Cs3o-
alkyl-CO,H. In certain embodiments, R

is -CH,CO;H; -(CH;),CO;H; -(CH,);:CO,H; -(CH,)4CO,H; -(CH;)sCO,H; -(CH;)sCO.H; -(CH3)
7CO,H; -(CH;)3CO,H; -(CH2)9oCOH; -(CH;),10CO,H; -(CH2)11CO,H; -(CH3)12CO.H; -(CH3),3C
O;H; -(CH2)14CO,H; -(CH3)15CO2H; -(CH3)16CO,H; -(CH>)17CO;H; -(CH,);3CO,H; -(CH;),0CO
H; -(CHz)zocozH; -(CH2)21C02H; -(CHz)zzcozH; -(CHz)zscozH; -(CH2)24C02H; -(CHz)zscoz
H; -(CH,),cCO,H; -(CH;),;CO,H; -(CH,),sCO,H; -(CH,),0CO,H; or -(CH;)3yCO,H. In certain
embodiments, R'* is -(CH,),sCO,H.

[00190] In certain embodiments, R’ R R', R' R", and R' are cach methyl.

[00191] In certain embodiments, in the variable L, mis 1, R is hydrogen at each occurrence,
and nis 0. In certain embodiments, in the variable L, mis 1, R is hydrogen at each occurrence,
nis 0, and Y is NR". In certain embodiments, L is -CH,CH,-NR">-C(O)-.

[00192] In certain embodiments, A is a bioluminescent reporter moiety. In certain
embodiments, A is a luciferin, a luciferin derivative or analog, a preluciferin or analog,
coelenterazine or a coelenterazine derivative or analog. In some embodiments, A is luciferin,
pro-luciferin, aminoluciferin, quionolyl-luciferin, napthyl luciferin, chloroluciferin,
coclenterazine, furimazine, coclenterazine-n, coclenterazine-f, coclenterazine-h, coelenterazine-
hep, coelenterazine-cp, coelenterazine-c, coelenterazine-e, coclenterazine-fcp, bis-

deoxycoelenterazine (“‘coelenterazine-hh’), coelenterazine-i, coelenterazine-icp, coelenterazine-

74



WO 2015/116867 PCT/US2015/013617

v, and 2-methyl coelenterazine, in addition to those disclosed in WO 2003/040100, U.S. Patent
Publication No. 20080248511, and U.S. Patent Publication No. US 20120117667, the disclosures
of which are incorporated by reference herein.

[00193] In certain embodiments, A is a fluorescent reporter moiety. In certain embodiments, A
is a coumarin, R110, fluoroscein, DDAO, resorufin, cresyl violet, sily xanthene, or
carbopyronine. In some embodiments, A is rhodamine 123, rhodamine X, Alexa dyes (e.g.,
Alexa Fluor-350, -430, -488, -and -660), DyLight 594, , sulforhodamine B, sulforhodamine 101,
sulfonyl chloride derivative of sulforhodamine 101 (Texas Red), fluorescein, 6-
carboxyfluorescein (6-FAM), 5-carboxyfluorescein (5-Fam), 5- or 6-carboxy-4,7,2",7'-
tetrachlorofluorescein (TET), 5- or 6-carboxy-4'52'4'5"7" hexachlorofluorescein (HEX), 5’ or 6'-
carboxy-4', 5'-dichloro-2,"7'-dimethoxyfluorescein (JOE), 6-JOE, 5-carboxy-2',4",5",7'-
tetrachlorofluorescein (ZOE) rhodol, fluorescein isothiocyanate, coumarin, 7-amino-4-
methylcoumarin, aminocoumarin, hydroxycoumarin,, silyl xanthene, or carbopyronine. In certain
embodiments, A is a bicyclic aryl or heteroaryl, each of which are independently unsubstituted or
substituted with one or more suitable substituents. In certain embodiments, A is a bicyclic aryl
or heteroaryl, each of which are independently unsubstituted or substituted with 1, 2, 3, 4, or 5
substituents independently selected from the group consisting of alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, di(alkyl)aminoalkyl, cyanoalkyl,
alkoxy, haloalkoxy, cyano, hydroxy, amino, alkylamino, di(alkyl)amino, aryl, heteroaryl,
heterocyclyl, cycloalkyl, arylalkyl, heteroarylalkyl, hetercyclylalkyl, and cycloalkylalkyl,
wherein the aryl, heteroaryl, heterocyclyl, cycloalkyl, aryl of the arylalkyl, heteroaryl of the
heteroarylalkyl, heterocyclyl of the hetercyclylalkyl, and cycloalkyl of the cycloalkylalkyl are
cach independently unsubstituted or substituted with 1, 2, or 3 substituents independently
selected from alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, di(alkyl)aminoalkyl, cyanoalkyl, alkoxy, haloalkoxy, cyano, hydroxy, amino,
alkylamino, and di(alkyl)amino.

[00194] In certain embodiments, A is a luciferin, luciferin derivative or analog (e.g., luciferin
ester), preluciferin, preluciferin derivative or analog, cyanobenzothiazole, coelenterazine, a
coelenterazine derivative or analog, or a fluorophore.

[00195] In certain embodiments, A is selected from the group consisting of:
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R2
=
N S
./
Do
\ Y "
N
R’ R¢
a coelenterazine ; a preluciferin - and
S S
N N
R® COOR!

R4

a luciferin

2

wherein R' is H, C-C4-alkyl, hydroxy-C;-C4-alkyl, C3-Cs-cycloalkyl, aryl, benzyl or

substituted benzyl, heterocyclyl, heteroaryl, or -(CH»),-P(Ph)3, wherein q is an integer selected
from1, 2, 3,4, 5, and 6; R?is -CH,-aryl or -CH,-heteroaryl; RYis hydrogen, halogen, methyl, or
trifluoromethyl; R’ is hydrogen, halogen, methyl, or trifluoromethyl; R’ is aryl (e.g., phenyl),
substituted aryl (e.g., 4-hydroxyphenyl), -CH,-aryl, or -CH,-heteroaryl; and R® is -CH,-aryl

or -CHy-heteroaryl. In certain embodiments, the -CHs-aryl is benzyl. In certain embodiments,

the -CH,-heteroaryl is furylmethyl.

[00196] In certain embodiments, A is selected from the group consisting of:

N//N N /N
S\ N//L g\ N/g\‘<
HO

coelenterazine HH . coelenterazine H

2 2
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OH 0]
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N /N N /N
Y N
N N
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coelenterazine . Furimazine
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N—Z N
N
N COOH
S S N
)—CN <
HO N N S
Furimazine H . preluciferin . luciferin - and

1
s N COOR
/>___</
N S

luciferin ester

wherein R is C;-Cy-alkyl, hydroxy-C,-Cy-alkyl, C:-Cs-cycloalkyl, aryl, benzyl or
substituted benzyl, heterocyclyl, heteroaryl, or -(CH»),-P(Ph)3, wherein q is an integer selected
from1, 2, 3,4, 5, and 6.

[00197] In certain embodiments, compounds of formula (I) have formula (I-1), or a salt thereof,

F215
@) R10 R? @) /
N
RY /<CH2)mC<R”)2<CHz)n/
N O\
l14 O A
F212 FQ13
O

(I_i)a
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. 59 pl0 pll pl2 pl3 pld pls pl7
wherein R, R, R, R, R, R, R"°,R"’, m, n, and A arc as defined above. In

certain embodiments, A is selected from the group consisting of:

=
\_/
\ /
= o

wherein R* is phenyl, 4-hydroxyphenyl, or furyl; and R*" is hydrogen or hydroxy.

[00198] In certain embodiments, compounds of formula (I) have formula (I-ii), or a salt

thereof,

R 0

N
R4 0 N /
R']Z R']3
o) \ /
N

R215

RZOO

z—23X

(I-ii),
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wherein R* is phenyl, 4-hydroxyphenyl, or furyl; R*"” is hydrogen or hydroxy; and
R%, R, R'" R RY, R and R" are as defined above.
[00199] In certain embodiments, compounds of formula (I) have formula (I-iv), or a salt

thereof,
15

0] R10 R 0] T
1
|
CN
R14 O /
R12 R13 N
0]

(T-iii),
wherein R®, R'?, R'", R'2, R”?, R", and R"’ are as defined above.
[00200] In certain embodiments, the compound of formula (I) is selected from the group

consisting of:

COOH
5651: 2-(6-((((20R)-15-carboxy-20-((3R,5S,7S,8R,9S,108S,13R,14S,17R)-3,7-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-9,17-dioxo-3,6-
dioxa-10,16-diazahenicosyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5657: 2-(6-(((4-((5-carboxy-5-((R)-4-((3R,5S,7R,8R,9S,10S,13R, 14S,17R)-3,7-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanamido)pentyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;

Hooc—<_s

5658: 2-(6-(((4-((5-carboxy-5-((R)-4-((3R,5S,7S,8R,9S,10S,13R,14S,17R)-3,7-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanamido)pentyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;
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5665: 2-(6-(((4-((5-carboxy-5-((R)-4-((3R,58, 7R ,8R.9S,10S,13R, 14S,17R)-3,7-

dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanamido)pentyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;

5666: 2-(6-(((4-((5-carboxy-5-((R)-4-((3R,58,7S,8R,9S,10S,13R, 14S,17R)-3,7-

HOOC S

dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanamido)pentyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;
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5683: 2-cyanobenzo[d]thiazol-6-yl (6-((2-(3',6'-dihydroxy-3-ox0-3H-
spiro[isobenzofuran-1,9'-xanthen]-5-ylcarboxamido)ethyl)amino)-6-oxohexyl)(2-(N,3-dimethyl-
3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamate;

SN

L<

COOH

N

5826: 2-(6-(((1-(3',6'-dihydroxy-3-ox0-3H-spiro[isobenzofuran-1,9'-xanthen]-5-yl)-
1,6-diox0-9,12-dioxa-2,5-diazatetradecan-14-yl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;
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5682: 2-cyanobenzo[d]thiazol-6-yl (1-(3',6'-dihydroxy-3-oxo0-3H-spiro[isobenzofuran-
1,9'-xanthen]-5-yl)-1,6-diox0-9,12-dioxa-2,5-diazatetradecan-14-yl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamate;

&3
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5647: 8-(((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)-23-((R)-4-
((3R,5R,8R,98,108,13R,14S,17R)-3-hydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanamido)-2,5-dimethyl-4,17-dioxo-2-(2,4,5-trimethyl-3,6-

dioxocyclohexa-1,4-dien-1-yl)-11,14-dioxa-5,8,18-triazatetracosan-24-oic acid;
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5668: 2-(6-((((20R)-15-carboxy-20-((3R,5R,8R,9S,108S,13R,14S,17R)-3-hydroxy-
10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-y1)-9,17-dioxo-3,6-dioxa-10,16-
diazahenicosyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5625: 8-(((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)-23-((R)-4-
((3R,5R,8R,98,108,128,13R,14S,17R)-3,12-dihydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanamido)-2,5-dimethyl-4,17-dioxo-2-(2,4,5-trimethyl-3,6-

dioxocyclohexa-1,4-dien-1-yl)-11,14-dioxa-5,8,18-triazatetracosan-24-oic acid;

86



WO 2015/116867 PCT/US2015/013617

j\o /©:;\1\>\</N j/COOH

5649: 2-(6-((((20R)-15-carboxy-20-((3R,5R,8R,9S,108S,12S,13R,14S,17R)-3,12-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-9,17-dioxo-3,6-
dioxa-10,16-diazahenicosyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5659: 6-(6-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)hexanamido)-2-((R)-4-
((3R,5R,8R,98,108,13R,14S,17R)-3-hydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5663: 2-(6-(((6-((5-carboxy-5-((R)-4-((3R,5R,8R,9S,10S,13R, 14S,17R)-3-hydroxy-

10,13-dimethylhexadecahydro-1H-cyclopentala]phenanthren-17-yl)pentanamido)pentyl)amino)-

Irz

6-oxohexyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5652: 6-(4-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)butanamido)-2-((R)-4-
((3R,5R,8R,98,108,13R,14S,17R)-3-hydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5669: 2-(6-(((4-((5-carboxy-5-((R)-4-((3R,5R,8R,9S,108S,13R, 14S,17R)-3-hydroxy-
10,13-dimethylhexadecahydro-1H-cyclopentala]phenanthren-17-yl)pentanamido)pentyl)amino)-
4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5653: 6-(4-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)butanamido)-2-((R)-4-
((3R,5R,8R,98,108,128,13R,14S,17R)-3,12-dihydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5656: 2-(6-(((4-((5-carboxy-5-((R)-4-((3R,5R,8R,9S,10S,12S,13R,14S,17R)-3,12-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanamido)pentyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;
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5660: 6-(6-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-

trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)hexanamido)-2-((R)-4-
((3R,5R,8R,98,108,128,13R,14S,17R)-3,12-dihydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5664: 2-(6-(((6-((5-carboxy-5-((R)-4-((3R,5R,8R,9S,10S,12S,13R,14S,17R)-3,12-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanamido)pentyl)amino)-6-oxohexyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;
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5667: 8-(((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)-23-((R)-4-
((3R,5S,7R,8R,9S,108,13R,148S,17R)-3,7-dihydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanamido)-2,5-dimethyl-4,17-dioxo-2-(2,4,5-trimethyl-3,6-

dioxocyclohexa-1,4-dien-1-yl)-11,14-dioxa-5,8,18-triazatetracosan-24-oic acid;
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5650: 2-(6-((((20R)-15-carboxy-20-((3R,5S,7R,8R,9S,108S,13R,14S,17R)-3,7-
dihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-9,17-dioxo-3,6-
dioxa-10,16-diazahenicosyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5648: 8-(((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)-23-((R)-4-
((3R,5S,7S8,8R,9S8,10S8,13R,148,17R)-3,7-dihydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanamido)-2,5-dimethyl-4,17-dioxo-2-(2,4,5-trimethyl-3,6-

dioxocyclohexa-1,4-dien-1-yl)-11,14-dioxa-5,8,18-triazatetracosan-24-oic acid;
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5654: 6-(4-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)butanamido)-2-((R)-4-
((3R,5S,7R,8R,9S,108,13R,148S,17R)-3,7-dihydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5655: 6-(4-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)butanamido)-2-((R)-4-
((3R,5S,7S8,8R,9S8,10S8,13R,148,17R)-3,7-dihydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5661: 6-(6-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-
trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)hexanamido)-2-((R)-4-
((3R,5S,7R,8R,9S,108,13R,148S,17R)-3,7-dihydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5662: 6-(6-((((2-cyanobenzo[d]thiazol-6-yl)oxy)carbonyl)(2-(N,3-dimethyl-3-(2,4,5-

trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)amino)hexanamido)-2-((R)-4-
((3R,5S,7S8,8R,9S8,10S8,13R,148,17R)-3,7-dihydroxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanamido)hexanoic acid;
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5684: 2-cyanobenzo[d]thiazol-6-yl (4-((2-(3',6'-dihydroxy-3-ox0-3H-
spiro[isobenzofuran-1,9'-xanthene]-5-carboxamido)ethyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-
3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamate;
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5824: 2-(6-(((4-((2-(3-carboxy-4-(3,6-dihydroxy-9H-xanthen-9-
yl)benzamido)ethyl)amino)-4-oxobutyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-
1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)thiazole-4-carboxylic acid;
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5825: 2-(6-(((6-((2-(3',6'-dihydroxy-3-oxo0-3H-spiro[isobenzofuran-1,9"-xanthen]-5-
ylcarboxamido)ethyl)amino)-6-oxohexyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanamido)ethyl)carbamoyl)oxy)benzo[ d]thiazol-2-yl)-4,5-
dihydrothiazole-4-carboxylic acid;
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5830: 2-(6-(((2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)((16R,18S,E)-20-(4-(4-fluorophenyl)-6-isopropyl-2-(N-
methylmethylsulfonamido)pyrimidin-5-yl)-16,18-dihydroxy-9,14-dioxo-3,6-dioxa-10,13-
diazaicos-19-en-1-yl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5831: 2-(6-(((2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)((19R,218S,E)-23-(4-(4-fluorophenyl)-6-isopropyl-2-(N-
methylmethylsulfonamido)pyrimidin-5-yl1)-19,21-dihydroxy-12,17-dioxo-3,6,9-trioxa-13,16-
diazatricos-22-en-1-yl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5827: 2-(6-((((S)-18-((3S,5R,7S,8S,9R,10R,13S,14R,17S)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl1)-9,15-dioxo-3,6-dioxa-10,14-
diazanonadecyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5828: 2-(6-((((S)-21-((3S,5R,7S,8S,9R,10R,13S,14R,17S)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-12,18-dioxo-3,6,9-trioxa-13,17-
diazadocosyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5829: 2-(6-((((S)-24-((3S,5R,7S,8S,9R,10R,13S,14R,17S)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-15,21-diox0-3,6,9,12-tetraoxa-
16,20-diazapentacosyl)(2-(N,3-dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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5832: (3R,6R,9R,15R,18R,21R)-9-((1H-indol-3-yl)methyl)-3-(((R)-1-amino-1-ox0-3-
phenylpropan-2-yl)carbamoyl)-21-(10-(((2-(4-carboxy-4,5-dihydrothiazol-2-yl)benzo[d]thiazol-
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6-yl)oxy)carbonyl)-13,16-dimethyl-14-0x0-16-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)-4,7-dioxa-10,13-diazaheptadecanamido)-18-(4-hydroxybenzyl)-6,15-bis(2-
(methylthio)ethyl)-5,8,11,14,17,20-hexaoxo0-4,7,10,13,16,19-hexaazatricosane-1,23-dioic acid;

2-(6-(((2-(2-(3-((3-(((8R,9S,138S,148,17S)-17-(((3S,4R ,6R )-6-carboxy-3,4,5-
trihydroxytetrahydro-2H-pyran-2-yl)oxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-3-yl)oxy)propyl)amino)-3-oxopropoxy)ethoxy)ethyl)(2-(N,3-
dimethyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanamido)ethyl)carbamoyl)oxy)benzo[d]thiazol-2-yl)-4,5-dihydrothiazole-4-carboxylic

acid;
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or a salt thereof.

[00201] In certain embodiments, the labeled agent may be a labeled antibody. The labeled
antibody may be a labeled monoclonal antibody (mAb) (see FIG. 14). The labeled antibody may
be a Herceptin labeled with PBI-5508.

[00202] In certain embodiments, the labeled agent may be a labeled therapeutic drug. The
labeled therapeutic drug may be a labeled bile acid. The labeled bile acid may be a labeled
UDCA, such as PBI-5651, PBI-5658, PBI-5666, PBI-5648, PBI-5655, or PBI-5662, a labeled
CDCA such as PBI-5657, PBI-5665, PBI-5667, PBI-5650, PBI-5654, PBI-5661, PBI-5827, PBI-
5828, or PBI-5829, a labeled LCA, such as PBI-5647, PBI-5668, PBI-5659, PBI-5663, PBI-
5652, or PBI-5669, or a labeled DCA such as PBI-5625, PBI-5649, PBI-5653, PBI-5656, PBI-
5660, or PBI-5664. The labeled drug may be a labeled statin. The labeled statin may be a
labeled rosuvastatin, such as PBI-5830 or PBI-5831. The labeled drug may be a labeled estradiol.

The labeled estradiol may be a labeled estradiol glucuronide, such as
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[00203] In certain embodiments, the labeled agent may be a solid-liquid nanoparticle. For
example, the labeled agent may be a labeled gold nanoparticle (see e.g., FIG. 15). The labeled
gold nanoparticle may be PBI-5907, PBI-5908, PBI-5909, PBI-5910, PBI-5911, or PBI-5912.
[00204] In certain embodiments, the labeled agent may be a labeled peptide. The peptide may
be cholecystockinin (CCK), such as CCK-8. The labeled peptide may be PBI-5832.

[00205] In certain embodiments, the labeled agent may be a labeled fluorescent molecule. The
labeled fluorescent molecule may be a labeled FAM diamine, such as PBI-5683, PBI-5826, PBI-
5682, PBI-5684, PBI-5824, or PBI-5825.

[00206] In certain embodiments, the labeled agent may be a labeled PAMAM dendrimer (see
e.g., FIG. 16). In certain embodiments, the labeled agent may be a labeled oligonucleotide or a
labeled peptide-oligonucleotide conjugate. For example, the labeled agent may be a labeled
oligonucleotide or a peptide-oligonucleotide conjugate for antisense inhibition of P-glycoprotein
expression (see e.g., FIG. 17).

S. Methods

[00207] The compounds of the present invention provide an effective tool for covalently
labeling agents for a wide variety of cell uptake applications. The labeled agents allow
quantification of the uptake of a biomolecule(s) of interest in biological samples (i.c., cells,
tissues, and organs), monitoring effectiveness for drug delivery, effectiveness of therapeutic

treatments, profiling pharmacokinetics, drug-drug interactions and drug toxicity, monitoring
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cellular metabolic status, such as fatty acids and glucose, and detecting homeostasis of
cholesterol.
[00208] The cell uptake measurement is often a significant part of scientific research and
development, drug design, screening and optimization, phylogenetic classification, genotyping
individuals, parental and forensic identification, environmental studies, diagnosis, prognosis,
and/or treatment of disease conditions.
a. Methods of Evaluating Cellular Uptake

[00209] In some aspects, provided are methods for evaluating cellular uptake of an agent. The
methods may comprise contacting a sample comprising a cell with a labeled agent as detailed
above and detecting light emission, whereby the detection of light emission indicates cellular
uptake of the agent. The cellular uptake of the agent results in the reduction of the compound
and the generation of a released reporter moiety.

(1) Fluorescent reporter moiety
[00210] In some embodiments, the reporter moiety may include a fluorescent reporter moiety.
The fluorescent reporter moiety may include a fluorophore. Light emission is detected by
exposing the sample to a wavelength of light and detecting the fluorescence generated by the
released reported moiety. An increase in fluorescence or a change in fluorescence wavelength as
compared to the fluorescence or fluorescence wavelength of a control sample indicates cellular
uptake of the agent. The control sample may be sample medium only, without cells, a sample
with cells but without experimental treatment, or a sample not contacted with labeled agent.
Fluorescence may be detected inside or outside the cell. Non-reducible analogues of the
disclosed quinone labeling moieties may be used as control labels.

(2) Bioluminescent reporter moiety
[00211] In some aspects, the reporter moiety may include a bioluminescent reporter moiety.
The bioluminescent reporter moiety may include a prosubstrate for a luciferase. In some
embodiments, the cell includes a luciferase. The luciferase may be expressed in the cell. Light
emission is detected by detecting luminescence produced by the luciferase utilizing the released
reporter moiety. The detection of any light emission may indicate the cellular uptake of the
agent. Alternatively, luminescence of the sample may be compared to the luminescence of a
control sample, wherein cellular uptake of the agent is indicated if the luminescence of the

sample is higher than the luminescence of the control sample. The control sample may be a
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sample that is not contacted with a labeled agent. Luminescence may be detected inside or
outside the cell.
[00212] In some embodiments, the cell does not include or express a luciferase, and luciferase
is added to the sample. Light emission is detected by detecting luminescence produced by the
luciferase utilizing the released reporter moiety that may exit the cell or be present in a cell
lysate. The detection of any light emission may indicate the cellular uptake of the agent.
Alternatively, luminescence of the sample may be compared to the luminescence of a control
sample, wherein cellular uptake of the agent is indicated if the luminescence of the sample is
higher than the luminescence of the control sample. The control sample may be sample medium
only, without cells, a sample with cells but without experimental treatment, or a sample not
contacted with labeled agent. Luminescence may be detected inside or outside the cell. Non-
reducible analogues of the disclosed quinone labeling moicties may be used as control labels.

(3) Sample
[00213] The labeled agents may be used with samples containing biological components. The
sample may comprise cells, tissues, or organs in vitro or in vivo. The compounds are generally
non-toxic to living cells and other biological components within the concentrations of use.
[00214] Cells may include eukaryotic cells, e.g., yeast, avian, plant, insect or mammalian cells,
including but not limited to human, simian, murine, canine, bovine, equine, feline, ovine, caprine
or swine cells, or prokaryotic cells, or cells from two or more different organisms, or cell lysates
or supernatants thercof. The cells may not have been genetically modified via recombinant
techniques (non-recombinant cells), or may be recombinant cells which are transiently
transfected with recombinant DNA and/or the genome of which is stably augmented with a
recombinant DNA, or which genome has been modified to disrupt a gene, e.g., disrupt a
promoter, intron or open reading frame, or replace one DNA fragment with another. The
recombinant DNA or replacement DNA fragment may encode a molecule to be detected by the
methods of the invention, a moiety which alters the level or activity of the molecule to be
detected, and/or a gene product unrelated to the molecule or moiety that alters the level or

activity of the molecule. The cell may or may not express a luciferase.
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(4) Contact
[00215] The labeled agents may be combined with the sample in a way that facilitates contact
between the compound and the sample components of interest. Typically, the labeled agent or a
solution containing the labeled agent is simply added to the sample.
[00216] The cell uptake levels for selected labeled agents can be monitored with/without
treatments that permeabilize the plasma membrane, such as electroporation, shock treatments or
high extracellular ATP. Alternatively, selected labeled agents can be monitored physically
inserted into cells, e.g., by pressure microinjection, scrape loading, patch clamp methods, or
phagocytosis.
[00217] An additional detection reagent typically produces a detectable response due to the
presence of a specific cell component, intracellular substance, or cellular condition, according to
methods generally known in the art. When the additional detection reagent has, or yields a
product with, spectral properties that differ from those of the subject labeled agents, multi-color
applications are possible. This is particularly useful where the additional detection reagent is a
dye or dye conjugate having spectral properties that are detectably distinct from those of the
labeled agents.
[00218] In certain embodiments, washing steps are unnecessary when using the disclosed
labeling reagents and labeled agents.

(5) Light Detection
[00219] The labeled agents are generally utilized by combining a labeled agent as described
above with a sample of interest comprising a cell under conditions selected to yield a detectable
optical response or light output. Typically, a specified characteristic of the sample is determined
by comparing the optical response with a standard or expected response. The sample may be
illuminated at a wavelength selected to elicit the optical response. Alternatively, the light
emission from the sample may be measured in a reading device that can measure the light output
(luminescence) generated by the luciferase and bioluminescent reporter moiety, e.g., using a
luminometer or photomultiplier. The optical response or light output may also be measured over
time, for example in the same reaction chamber for a period of seconds, minutes, hours, etc.
[00220] A detectable optical response means a change in, or occurrence of, an optical signal
that is detectable either by observation or instrumentally. Typically, the detectable response is a

change in fluorescence or luminescence, such as a change in the intensity, excitation or emission
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wavelength distribution of fluorescence or luminescence, fluorescence or luminescence lifetime,
fluorescence or luminescence polarization, or a combination thereof. The degree and/or location
of the signal, compared with a standard or expected response, indicates whether, and to what
degree, the sample possesses a given characteristic.

[00221] At any time after or during contact with the labeled agent, the sample is illuminated
with a wavelength of light selected to give a detectable optical response and observed with a
means for detecting the optical response. Equipment that is useful for illuminating the
compounds of the invention includes, but is not limited to, hand-held ultraviolet lamps, mercury
arc lamps, xenon lamps, lasers and laser diodes. These illumination sources are optionally
integrated into laser scanners, fluorescence microplate readers, standard or minifluorometers, or
chromatographic detectors.

[00222] The optical response or light output may be optionally detected by visual inspection or
by use of any of the following devices: CCD cameras, video cameras, photographic film, laser-
scanning devices, fluorometers, photodiodes, quantum counters, epifluorescence microscopes,
scanning microscopes, flow cytometers, fluorescence microplate readers, or by means for
amplifying the signal such as photomultiplier tubes. Where the sample is examined using a flow
cytometer, examination of the sample optionally includes sorting portions of the sample

according to their fluorescence response.

6. Kits

[00223] One aspect of the invention is the formulation of kits that facilitate the practice of
various assays using any of the compounds of the invention, as described above. The kits of the
invention may comprise a labeling reagent, an agent, a labeled agent, or any combination thereof.
The kit optionally further comprises one or more buffering agents, typically present as an
aqueous solution. The kits of the invention optionally further comprise at least one component
for detecting the released labeled reagent, such as a detection reagent. The detection reagent
may contain a luciferase, as described above, and/or other reagents required to conduct the
detection assay such as buffers, salts, enzymes, enzyme co-factors, such as D-cysteine, and the
like buffers. For example, the detection reagent may be Luciferin Detection Reagent (Promega
Corporation). The kits of the invention optionally further comprise a purification medium for

purifying the resulting labeled agent, luminescence and/or fluorescence standards, enzymes,
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enzyme inhibitors, organic solvent, constructs for expression of fusion proteins, ¢.g., fusion
proteins comprising a luciferase protein fused to a protein or target of interest, fusion proteins, or
instructions for carrying out an assay of the invention. In other embodiments, the kit also
includes a genetically-modified cell or a vector for gene fusion, ¢.g., fusion comprising a
luciferase protein fused to a protein or target of interest. Instructions for use optionally may be

included.

7. Examples
[00224] The foregoing may be better understood by reference to the following examples,
which are presented for purposes of illustration and are not intended to limit the scope of the

invention.
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[00225] Synthesis of N-[(PEG)4.COO-#-Bu]-N’-Boc-N’-methyl-ethylenediamine.To the
solution of N-£-BuOOC-(PEG)s-amine (0.557g , 1.73 mmol) in 20 ml of methanol, (N-methyl)-
N-Boc acetaldehyde (0.3 g, 1.73 mmol) was added. The mixture was stirred at room temperature
for 3 hours. NaBH, (0.196g, 5.2 mmol) was added to the mixture at 0°C, and the resultant
mixture was stirred at 0°C for 1 hour and 1 hour at room temperature. The reaction was quenched
by adding 5 ml of water. After removal of solvent, 5 ml of water was added, and the mixture was
extracted three times with methylene chloride. The combined organic layer was dried over

Na,S0y, and the product was purified by flash silica chromatography using heptane/ethyl acetate
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to methylene chloride/methanol to give a yield of 64.5% (0.535 g). '"H NMR (300 MHz, CD,Cl,)
o ppm:3.5-3.8 (m, 18H, CH,), 3.45 (br, 2H, CH,), 2.98 (br, 2H, CH;), 2.83 (s, 3H, NCHa), 2.46
(t, 2H, COCH,), 1.42 (s, 18H, CH3); MS-ESI (m/e): 479.6 [M+H].

[00226] Synthesis of N-[(PEG)COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine
furimazine carbamate. To the mixture of furimazine (0.20 g, 0.526 mmol) and
bis(pentafluorophenyl) dicarbonate (0.276 g, 0.630 mmol) in 10 ml of dry THF, TEA (0.106 mg,
1.05 mmol) was added at room termperature under argon. The mixture was stirred for 2-3
minutes, and N-[(PEG),COO-#-Bu]-N'-Boc-N'-methyl-ethylene diamine (0.553 mg, 1.16 mmol)
was added. The resulted mixture was stirred at room temperature for 30 minutes. The compound
was purified by flash column chromatography using heptane/ethyl acetate as eluent to give the
product in a yield of 25.8% (0.12 g). MS-ESI (m/¢): 886.6 [M+H].

[00227] Synthesis of N-[(PEG); COOH]-(N’-methyl)-ethylenediamine furimazine
carbamate. N-[(PEG)4COO-#-Bu]-N’-Boc-N-methyl-cthylenediamine furimazine carbamate
(0.12 g, 0.136 mmol) and triisopropylsilane (50ul) were dissolved in 10 ml of methylene chloride
and TFA (1:1 in volume), and the mixture was stirred at room temperature for 2 hours. After
removal of the solvent, the residue was dried under high vacuum overnight, and the product was
used directly in next step.

[00228] Synthesis of #5463. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic acid (107 mg, 0.428 mmol) and isobutyl chloroformate
(58.4 mg, 0.427 mmol) in 10 ml dry THF, N-methyl morpholine (86.5 mg, 0.855 mmol) was
added at 0°C. The resultant mixture was stirred 30 minutes at 0°C, and N'-methyl-N-
[(PEG)4COOH]ethylene-diamine] furimazine carbamate in 5 ml of CH,Cl, was added, and the
resultant mixture was stirred for 1 hour. The compound was directly purified with flash silica
column chromatography using heptane and ethyl acetate as eluent to give the product in a yield

of 76.6% (105 mg). MS-ESI (m/e): 962.5 [M+H].

121



WO 2015/116867 PCT/US2015/013617

EXAMPLE 2

O
H
o] (e} J)\ NN
ook o (O PN o
O/\/O\/\n/o\|/ MeOH O)I\N 0 H
o] I

[00229] Synthesis of N-[(PEG)3;-COOQO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine.To the
solution of #-Bu-(PEG);-amine (1.01g , 3.64 mmol) in 20 ml of methanol, (N-methyl)-N-Boc
acetaldehyde(0.63 g, 3.64 mmol) was added. The mixture was stirred at room temperature for 3
hours. NaBH4 (0.412g, 10.9 mmol) was added to the mixture at 0°C, and the resultant mixture
was stirred at 0 °C for 1 hour and 1 hour at room temperature. The reaction was quenched by
adding 5 ml of water. After removal of solvent, 5 ml of water was added, and the mixture was
extracted three times with methylene chloride. The combined organic layer was dried over
Na,S0y, and the product was purified by flash silica chromatography using heptane/ethyl acetate
to methylene chloride/methanol to give a yield of 72% (1.14 g). '"H NMR (300 MHz, CD,CL,) §
ppm: 3.68 (t, 2H, OCHy), 3.56-3.60 (br, 10H, CH,), 3.53 (t, 2H, OCH,), 3.29 (t, 2H, CH2), 2.85
(s, 3H, NCH3), 2.7-2.8 (m, 4H, NCH2), 2.47 (t, 2H, COCH,), 1.44 (s, 18H, CHs); MS-ESI (m/e):
435.5 [M+H].

[00230] Synthesis of N-[(PEG); COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine
coelenterazine-H, H- carbamate. To the mixture of coelenterazine H, H (0.60 g, 1.54 mmol)
and bis(penta-fluorophenyl) dicarbonate (0.74 g, 1.69 mmol) in 30 ml of dry THF, TEA (0.311
g, 3.07 mmol) was added at room temperature under argon. The mixture was stirred for 2-3

minutes, and N-[(PEG);COO-#-Bu]-N'-Boc-N'-methyl ethylenediamine (1.34g, 3.07 mmol) was
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added. The resulted mixture was stirred at room temperature for 30 minutes. The compound was
purified by flash column chromatography using heptane/ethyl acetate as eluent to give the
product in a yield of 70.3% (0.92 g). MS-ESI (m/¢): 852.7 [M+H].

[00231] Synthesis of N-(PEG); COOH-N’-methyl-ethylenediamine coelenterazine H, H-
carbamate. N-[(PEG)3; COO-#-Bu]-N’-Boc-N-methyl-cthylenediamine coelenterazine H, H-
carbamate (0.92 g, 0.136 mmol) and triisopropylsilane (100ul) were dissolved in 30 ml of
methylene chloride and TFA (1:1 in volume), and the mixture was stirred at room temperature
for 2 hours. After removal of the solvent, the residue was dried under high vacuum overnight,
and the product was used directly in next step.

[00232] Synthesis of #5470. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic acid (810 mg, 3.24 mmol) and isobutyl chloroformate
(442 mg, 3.24 mmol) in 30 ml dry THF, N-methyl morpholine (655 mg, 6.48 mmol) was added
at 0°C. The resultant mixture was stirred 30 minutes at 0°C, and N'-methyl-N-
[(PEG);COOH]ethylenediamine coelenterazine H, H-carbamate (0.92 g) in 10 ml of CH,Cl,
was added, and the resultant mixture was stirred for 1 hour. The compound was directly purified
with flash silica column chromatography using heptane and ethyl acetate as eluent to give the

product in a yield of 61% (611 mg). MS-ESI (m/e): 928.7 [M+H]; HPLC 98.2% at 254 nm.
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[00233] Synthesis of N-[(PEG),-COO-#-Bu]-N’-Boc-N’-methyl-ethylenediamine. To the
solution of N-(PEG),COO-t-Bu-amine (1.08g , 4.62 mmol) in 50 ml of methanol, (N-methyl)-N-
Boc acetaldehyde (0.8 g, 4.62 mmol) was added. The mixture was stirred at room temperature
for 3 hours. NaBH,4 (0.524, 13.9 mmol) was added to the mixture at 0°C, and the resultant
mixture was stirred at 0°C for 1 hour and 1 hour at room temperature. The reaction was quenched
by adding 5 ml of water. After removal of solvent, 5 ml of water was added, and the mixture was
extracted three times with methylene chloride. The combined organic layer was dried over
Na,S0y, and the product was purified by flash silica chromatography using heptane/ethyl acetate
to methylene chloride/methanol to give a yield of 77.6% (1.40 g). "H NMR (300 MHz, CD,Cl,)
o ppm: 3.67 (t, 2H, OCH,), 3.56-3.60 (br, 6H, OCH,), 3.29 (t, 2H, CH,), 2.85 (s, 3H, NCH3),
2.7-2.8 (m, 4H, NCH2), 2.46 (t, 2H, COCH,), 1.45 (s, 18H, CHz); MS-ESI (m/¢): 391.4 [M+H].
[00234] Synthesis of N-[(PEG), COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine
coelenterazine-H, H- carbamate. To the mixture of coelenterazine H, H (0.60 g, 1.54 mmol)
and bis(penta-fluorophenyl) dicarbonate (0.74 g, 1.69 mmol) in 30 ml of dry THF, TEA (0.311
g, 3.07 mmol) was added at room temperature under argon. The mixture was stirred for 2-3
minutes, and N-[(PEG),COOsBu]-N'-BOC-N'-methyl ethylenediamine (1.20g, 3.07 mmol) was
added. The resulted mixture was stirred at room temperature for 30 minutes. The compound was
purified by flash column chromatography using heptane/ethyl acetate as eluent to give the
product in a yield of 72.8% (0.92 g). MS-ESI (m/¢): 808.7 [M+H].
[00235] Synthesis of N-[(PEG),COOH]-N’-methyl-ethylenediamine coelenterazine H, H-
carbamate. N-[(PEG),COO-#-Bu]-N’-Boc-N-methyl-cthylenediamine coelenterazine H, H-
carbamate (0.92 g, 0.136 mmol) and triisopropylsilane (100ul) were dissolved in 30 ml of
methylene chloride and TFA (1:1 in volume), and the mixture was stirred at room temperature
for 2 hours. After removal of the solvent, the residue was dried under high vacuum overnight,
and the product was used directly in next step.
[00236] Synthesis of #5471. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic acid (855 mg, 3.42 mmol) and isobutyl chloroformate
(466 mg, 3.42 mmol) in 40 ml dry THF, N-methyl morpholine (691 mg, 6.83 mmol) was added
at 0°C. The resultant mixture was stirred 30 minutes at 0°C, and N'-methyl-

N[(PEG),COOH]ethylene-diamine] coelenterazine H, H-carbamate (0.92 g) in 10 ml of CH,Cl,
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was added and the resultant mixture was stirred for 1 hour. The compound was directly purified
with flash silica column chromatography using heptane and ethyl acetate as eluent to give the

product in a yield of 68.5% (690 mg). MS-ESI (m/¢): 884.7 [M+H]; HPLC 92.2% at 254 nm.
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[00237] Synthesis of N-[(PEG), COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine-2-
cyanobenzothiazole-6-carbamate. To the mixture of 6-hydroxyl-2-cyanobenzothiazole (1.0 g,
5.68 mmol) and bis(penta-fluorophenyl) dicarbonate (2.68 g, 1.69 mmol) in 100 ml of dry THF,
TEA (2.22 g, 5.68 mmol) was added at room temperature. The mixture was stirred for 10
minutes, and N-[(PEG)2COOtBu]-N'-BOC-N'-methyl ethylenediamine (2.22g, 5.68 mmol) was
added. The resultant mixture was stirred at room temperature for 30 minutes. The compound was
purified by flash column chromatography using heptane/ethyl acetate as eluent to give the
product in a yield of 100% (3.4 g). MS-ESI (m/e): 593.3 [M+H].

[00238] Synthesis of N-[(PEG),COOH]-N’-methyl-ethylenediamine-2-
cyanobenzothiazole-6- carbamate. N-~-BuOOC-(PEG),-N’-Boc-N-methyl-ethylenediamine-2-
cyanobenzothiazole-6- carbamate (2.0 g) and triisopropylsilane (100ul) were dissolved in 60 ml

of methylene chloride and TFA (1:1 in volume), and the mixture was stirred at room temperature
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for 4 hours. After removal of the solvent, the residue was dried under high vacuum overnight,
and the product was used directly in next step.

[00239] Synthesis of N-[(PEG),COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
carbamate. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic acid (1.27 g, 5.07 mmol) and isobutyl chloroformate (691 mg, 5.07 mmol) in 50 ml
dry THF was added N-methyl morpholine (932 mg, 9.21 mmol) at 0 °C. The resultant mixture
was stirred 30 minutes at 0°C, and N'-methyl-N[(PEG)2COOH Jethylenediamine]-2-
cyanobenzothiazole-6-carbamate (1.07 g, 4.61 mmol) in 15 ml of CH,Cl, was added and the
resultant mixture was stirred for 1 hour. The compound was directly purified with flash silica
column chromatography using heptane and ethyl acetate as eluent and further purified by HPLC
using 0.1% of formic acid/acetonitrile as eluent. MS-ESI (m/e): 668.7 [M+H]; HPLC 92.6% at
330nm.

[00240] Synthesis of #5508. To the solution of N-[(PEG),COOH]-N’-methyl-N’-[3-methyl-3-
(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-
cyanobenzothiazole-6-carbamate (210 mg, 0.314 mmol) and TSTU (473 mg, 1.57 mmol) in 20
ml acetonitrile and methylene chloride (1:1), DIPEA (325 mg, 2.51 mmol) was added at room
temperature. The mixture was stirred for 30 minutes. 120 ml of methylene chloride was added,
and the resultant mixture was washed three times with citric acid (30%) solution and twice with
water. The organic layer was dried over Na;SO4. The compound was purified with heptane and
ethyl acetate to give a yield of 87.3% (210 mg). MS-ESI (m/e): 593.3 [M+H]; HPLC 92.6% at
330nm. MS-ESI (m/e): 766.3 [M+H]; HPLC 98.2% at 254 nm.
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[00241] Method 3: Synthesis of UDCA-lysCOOH. To a mixture of lysine (2.44 g, 7.20
mmol) and UDCA (1.13 g, 2.88 mmol), 120 mL methylene chloride and 4-
dimethylaminopyridine (1.06 g, 8.64 mmol) was added. Lastly, N,N’-dicyclohexylcarbodiimide
(1.78 g, 8.64 mmol) was added and stirred at room temperature for several days. The reaction
mixture was then filtered, and the solvent was removed. The product was then purified by flash
silica column chromatography using a heptane/ethyl acetate gradient to give a yield of 90% (1.76
g) of the intermediate with protected lysine. This compound was then dissolved in a mixture of
40 mL methylene chloride and 30 mL TFA together with 10% triisoproypylsilane (TIPS), and
the mixture was stirred at room temperature for 5 hours. The solvents were co-evaporated with
toluene, and the product was purified by flash silica column chromatography using a gradient of
methylene chloride/methanol to give UDCA-lysCOOH in a 67 % yield (901 mg). MS-ESI (m/e):
521.5 [M+H].

[00242] Synthesis of N-[(PEG),-COO-#-Bu]-N’-Boc-N’-methyl-ethylenediamine. To the
solution of N-(PEG),COO-#-Bu-amine (3.16 g, 13.54 mmol) in 100 ml of methanol, (N-methyl)-
N-Boc acetaldehyde (2.35 g, 13.54 mmol) was added. The mixture was stirred at room
temperature for 3 hours. NaBH, (1.54 g, 40.63 mmol) was added to the mixture at 0°C, and the
resultant mixture was stirred at 0°C for 1 hour and 1 hour at room temperature. The reaction was
quenched by adding 15 ml of water. After removal of solvent, 15 ml of water was added, and the
mixture was extracted three times with methylene chloride. The combined organic layer was
dried over Na;SQj4, and the product was purified by flash silica chromatography using
heptane/ethyl acetate to methylene chloride/methanol to give a yield of 67 % (3.56 g).

[00243] Synthesis of N-[(PEG), COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine 6-
hydroxybenzo[d]thiazole-2-carbonitrile- carbamate. To the mixture of 2-cyano-6-

hydroxybezothiazole (0.803 g, 4.56 mmol) and bis(pentafluorophenyl) carbonate (1.98 g, 5.02
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mmol) in 40 ml of dry THF, TEA (0.293 g, 2.89 mmol) was added at room temperature under
nitrogen. The mixture was stirred for 1 hour, and N-#-butylCOO (PEG)3-N'-BOC-N'-methyl
ethylenediamine (3.56g, 9.12 mmol) in 18 mL dry THF was added. The resulting mixture was
stirred at room temperature for over 30 minutes after which the solvent was removed. The
product mixture was dissolved in methylene chloride and washed with sat K,COj solution three
times and once with water, then the organic layer was dried over Na,SO,. The compound was
purified by flash column chromatography using heptane/ethyl acetate as eluent to give the
product in a yield of 70 % (1.90 g).

[00244] Synthesis of N-[(PEG), COO-#-Bu]-N’-methyl-ethylene-diamine-2-
cyanobenzothiazole-6-carbamate. N-[(PEG), COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine
6-hydroxybenzo[d]thiazole-2-carbonitrile- carbamate (1.90 g, 3.21 mmol) in 30 mL. CH,Cl, was
dissolved over ice and then 26 mL (30 %) thioanisole was added. TFA (30mL) was slowly added
over 10-15 min while on ice. The mixture was then stirred on ice for 20 min and then at room
temperature for 5 hours. After the reaction, the solvent was removed, and the product was
purified by flash column chromatography using a gradient of heptane/ethyl acetate followed by
methylene chloride/methanol to give a yield of 57 % (0.797 g).

[00245] Synthesis of N-[(PEG),COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
carbamate. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic acid (1.37 g, 5.48 mmol) and isobutyl chloroformate (719 uL, 5.48 mmol) in 40 ml
dry THF, N-methyl morphorline (1.53 mL, 10.96 mmol) was added at 0°C. The resultant mixture
was stirred for 1 hour at 0°C, N-[(PEG), COO-z-Bu]-N’-methyl-ethylene-diamine-2-
cyanobenzothiazole-6-carbamate (0.797 g, 1.83 mmol) in 20 ml of dry THF added, and the
resultant mixture was stirred for 2 hours. The reaction mixture was then acidified with acetic
acid, dried down, then dissolved in methylene chloride and washed twice with water. The
organic layer was dried over Na;SO4, and then the solvent was removed. The compound was
directly purified with flash silica column using heptane and ethyl acetate as eluent, followed by
100% THEF, to give the product in a yield of 48.8 % (0.596 g).

[00246] Synthesis of N-[(PEG),COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
carbamate NHS ester. To a solution of N-[(PEG),COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-
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trimethyl-3,6-dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-
cyanobenzothiazole-6- carbamate (0.315 g, 0.471 mmol) in 70 mL acetonitrile, 709 mg (2.36
mmol) of TSTU and 660 uL of DIPEA was added and then stirred for 1 hour at room
temperature. The product mixture was diluted in a large volume of methylene chloride, and the
product mixture washed twice with 30% citric acid solution and then once with water. The
organic layer was dried with Na,SQy, filtered, and the solvent was removed. The product was
then purified by flash column chromatography using a heptane/ ethyl acetate gradient to give the
product in 109% yield (394 mg).

[00247] Method 1: Synthesis of #5648. Dissolved NHS ester (100 mg, 0.130 mmol) in 2 mL
DMF and added UDCA-lysCOOH synthesized by Method 3 (~136 mg, 0.261 mmol), followed
by 45 uL of DIPEA and 3 more mL of DMF. The reaction was stirred at room temperature for 1
hour and then acidified with acetic acid and dried down. The product was purified by flash
column chromatography using a gradient of heptane/ ethyl acetate, switched to methylene
chloride/ methanol to give product in a yield of 40% (61 mg). MS-ESI (m/e): 1172.09 [M+H].
[00248] Method 2: Synthesis of #5651. Dissolved 12 mg of d-cysteine (0.077 mmol) in 1 mL
of water and adjusted pH to 8-8.5 with TEA and then added 30 mg (0.025 mmol) of #5648 in 1
mL methanol and stirred for an hour at room temperature. The product was acidified with acetic
acid and then extracted into methylene chloride. The solvent was removed, and the product was
purified by flash column chromatography using a gradient of heptane/THF followed by
methylene chloride/methanol to give the product in a yield of 70 % (22.8 mg). MS-ESI (m/e):
1276.93 [M+H].
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[00249] Synthesis of #5667. Coupled the NHS ester in Example 9 and CDCA-lysCOOH
(synthesized by Method 3) utilizing Method 1 to give product in a yield of 25% (19 mg). MS-

ESI (m/e): 1172.10 [M+H].
[00250] Synthesis of #5650. Synthesized the luciferin version of #5667 utilizing Method 2 to

give the product in a yield of 55 % (8.40 mg). MS-ESI (m/e): 1275.77 [M+H].
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[00251] Synthesis of #5647. Method 1 was utilized with slight adjustments. NHS ester (100
mg, 0.130 mmol) was dissolved in 1 mL DMF. LCA-lysCOOH (synthesized by Method 3)
(~131 mg, 0.261 mmol) was dissolved in 15 pL of 50% TFA in DMF and then diluted with 4 mL
DMEF. The pH was increased to 5-6 with 23 uL of DIPEA, and then the solution was added to the
dissolved NHS ester, and 55 uL of DIPEA was added. The reaction was stirred at room
temperature overnight and then acidified with acetic acid and dried down. The product was
extracted into ethyl acetate and then purified by flash column chromatography using a gradient
of heptane/ethyl acetate, followed by methylene chloride/methanol to give product in a yield of
45% (68 mg). MS-ESI (m/e): 1155.94 [M+H].

[00252] Synthesis of #5668. The luciferin version of #5647 was synthesized using Method 2
to give the product in a yield of 50 % (16.20 mg). MS-ESI (m/e): 1260.27 [M+H].
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EXAMPLE 8
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[00253] Synthesis of #5625. Utilized Method 1 to couple DCA-lysCOOH (synthesized by
Method 3) to the NHS ester to give product in a yield of 15% (26.8 mg). MS-ESI (m/e): 1169.9
[M-H].

[00254] Synthesis of #5649. Synthesized the luciferin version of #5625 using Method 2 to
give the product in a yield of 69 % (12 mg). MS-ESI (m/e): 1176.79 [M+H].

EXAMPLE 9
J\ /]:\/ Ha 159 NaOH( aq
©/\ dloxane Y\/\ /\© Hol(
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[00255] Synthesis of 4-(((benzyloxy)carbonyl)amino)butanoic acid. y-Amino butyric acid
(2.90 g, 28.14 mmol) was dissolved in 15 % aqueous NaOH (100 mL) and dioxane (100 mL).
After the mixture was cooled to 0°C, benzyl chloroformate (8 mL, 56.27 mmol) was added with
vigorous stirring. The mixture was stirred for 3 days at room temperature. The solvent was
removed, and the product mixture was dissolved in a small amount of water and acidified with
acetic acid. The product was then extracted into methylene chloride (3 x 100 mL), and the
organic layer was dried with sodium sulfate, filtered, and then dried down. The product was
purified by flash column chromatography using a gradient of heptane/ethyl acetate to give the
product in a 51 % yield (3.44 g).

[00256] Synthesis of fert-butyl 4-(((benzyloxy)carbonyl)amino)butanoate. To 4-
(((Benzyloxy)carbonyl)amino)butanoic acid (3.44 g, 14.50 mmol) in 100 mL methylene
chloride, anhydrous #-butanol (4.2 mL, 43.50 mmol) was added, followed by DMAP (1.77 g,
14.50 mmol) and DCC (8.97 g, 43.50 mmol). The reaction mixture was stirred at room
temperature for 2 days, after which the precipitate of DCU was filtered, and the solvent was
removed. The product was purified by flash column chromatography using heptane/ethyl acetate
to give a yield of 49 % (2.09 g).

[00257] Synthesis of ferr-butyl 4-aminobutanoate. A mixture of tert-butyl 4-
(((benzyloxy)carbonyl)amino)butanoate (2.09 g, 7.12 mmol) and 10% Pd/C (75.8 mg, 0.712
mmol) in 100 mL methanol was stirred at room temperature under hydrogen for 5 hours. The

mixture was then filtered, and the solvent was removed to give a 93 % yield (1.06 g) of product.
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[00258] Synthesis of N-[(CH;);-COO--Bu]-N’-Boc-N’-methyl-ethylenediamine. To the
solution of zert-butyl 4-aminobutanoate (1.06g, 6.66 mmol) in 50 ml of methanol, (N-methyl)-N-
BOC acetaldehyde (1.15 g, 6.66 mmol) was added. The mixture was stirred at room temperature
for 3 hours. NaBHy, (0.755 g, 19.97 mmol) was added to the mixture at 0°C, and the resultant
mixture was stirred at 0°C for 1 hour and at room temperature for 1 hour. The reaction was
quenched by adding 5 ml of water. After removal of solvent, 5 ml of water was added, and the
mixture was extracted three times with methylene chloride. The combined organic layer was
dried over Na;SQj4, and the solvent was removed. The product was purified by flash column
chromatography using heptane/ethyl acetate followed by methylene chloride/methanol to give a
yield of 105 % (2.23 g).

[00259] Synthesis of N-[(CH3); COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine 6-
hydroxybenzo[d|thiazole-2-carbonitrile-carbamate. To the mixture of 2-cyano-6-
hydroxybezothiazole (0.587 g, 3.33 mmol) and bis(pentafluorophenyl) carbonate (1.44 g, 3.66
mmol) in 30 ml of dry THF, TEA (930 pL, 6.66 mmol) was added at room temperature under
nitrogen. The mixture was stirred for 30 min minutes, and N-[(CH;);-COO-#-Bu]-N’-Boc-N’-
methyl-ethylenediamine (2.11 g, 6.66 mmol) in 20 mL dry THF was added. The resulting
mixture was stirred at room temperature for 2 hours. The reaction mixture was then dried down,
and the product mixture was dissolved in methylene chloride and washed with saturated K,CO3
solution 3 times and once with water, then dried over Na,SO,. The solvent was removed, and the
compound was purified by flash column chromatography using heptane/ethyl acetate as eluent to
give the product in a yield of 86 % (1.5 g)

[00260] Synthesis of N-[(CH,); COO-#-Bu]-N’-methyl-ethylene-diamine-2-
cyanobenzothiazole-6-carbamate. N-[(CH;); COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine
6-hydroxybenzo[d]thiazole-2-carbonitrile-carbamate was dissolved in 15 mL methylene chloride
over ice. Thioanisole (8 mL, 21%) was added, followed by the slow addition of 15 mL TFA over
10-15 min on ice. The mixture was stirred on ice for 30 min, then stirred at room temperature for
4 hours. The TFA was then co-evaporated with toluene, and the product was purified by flash
column chromatography using heptane/ethyl acetate, followed by methylene chloride/ methanol
to elute product the product in a 73 % yield (0.765 g).

[00261] Synthesis of N-[(CH,);COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-

dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
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carbamate. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic acid (1.59 g, 6.33 mmol) and isobutyl chloroformate (831 uL, 6.33 mmol) in 40 ml
dry THF, N-methyl morphorline (1.76 mL, 12.67 mmol) was added at 0°C. The resulting mixture
was stirred for 1 hour at 0°C, and then N-[(CH,); COO-#-Bu]-N’-Boc-N’-methyl-ethylene-
diamine 6-hydroxybenzo[d]thiazole-2-carbonitrile-carbamate in 10 ml dry THF was added. The
resulting mixture was stirred for 2 hours after which it was acidified with acetic acid then dried
down. The product was then purified by flash column chromatography using heptane/ethyl
acetate gradient followed by methylene chloride/methanol to give the product in a 142 % yield
(1.79 g).

[00262] Synthesis of N-[(CH,);COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
carbamate NHS ester (C4 NHS ester). TSTU (2.3 g, 7.64 mmol) was added to N-
[(CH;);COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6- carbamate (1.26 g, 2.12 mmol),
followed by 70 mL of acetonitrile. DIPEA (2.95 mL, 16.95 mmol) was added, and the mixture
was stirred for 1 hour at room temperature. The product mixture was then diluted in a large
volume of methylene chloride and washed with 30% citric acid solution twice, then once with
water. The organic layer was dried over Na,SOy, filtered, and the solvent was removed. The
product was purified by flash column chromatography using heptane/ethyl acetate to give a 70 %
yield (1.03 g).

[00263] Synthesis of #5654. C4 NHS ester was coupled to CDCA-lysineCOOH using Method
1 to give the product in a 41% yield (65 mg). MS-ESI (m/e): 1098.49 [M+H].

[00264] Synthesis of #5657. The luciferin version of #5654 was prepared using Method 2 to
give a yield of 40 % (17.3 mg). MS-ESI (m/e): 1203.37 [M+H].

[00265] Synthesis of #5655. C4 NHS ester was coupled to UDCA-lysineCOOH using Method
1 to give the product in a 49% yield (78 mg). MS-ESI (m/e): 1098.40 [M+H].

[00266] Synthesis of #5658. The luciferin version of #5655 was prepared using Method 2 to
give a yield of 69 % (28 mg). MS-ESI (m/e): 1203.14 [M+H].

[00267] Synthesis of #5652. C4 NHS ester was coupled to LCA-lysineCOOH using Method 1
to give the product in a 78% yield (172 mg). MS-ESI (m/e): 1079.71 [M-H].
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[00268] Synthesis of #5669. The luciferin version of #5652 was prepared using Method 2 to
give a yield of 24 % (6.5 mg). MS-ESI (m/e): 1086.30 [M+H].

[00269] Synthesis of #5653. C4 NHS ester was coupled to DCA-lysineCOOH using Method
1 to give the product in a 71 % yield (112 mg). MS-ESI (m/e): 1095.59 [M-H].

[00270] Synthesis of #5656. The luciferin version of #5653 was prepared using Method 2 to
give a yield > 99 % yield (84 mg). MS-ESI (m/e): 1202.34 [M+H].
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[00271] Synthesis of 6-(((benzyloxy)carbonyl)amino)hexanoic acid. 6-Aminohexanoic acid
(4.61 g, 35.17 mmol) was dissolved in a mixture of 15% aqueous NaOH (100 mL) and dioxane
(100 mL). After the mixture was cooled to 0°C, benzyl chloroformate (10 mL, 70.34 mmol) was
added with vigorous stirring. The mixture was then stirred at room temperature for 2 days. The
solvent was removed, the product mixture dissolved in water and acidified with acetic acid, and
the product extracted into methylene chloride. The organic layer was dried with Na2S04,
filtered, and the solvent was removed. The product was purified by flash column
chromatography using a gradient of heptane/ethyl acetate to give 81 % (7.62 g).

[00272] Synthesis of zerr-butyl 6-(((benzyloxy)carbonyl)amino)hexanoate. 6-
(((Benzyloxy)carbonyl)amino)hexanoic acid (7.62 g, 28.72 mmol) was dissolved in 200 mL
methylene chloride, and anhydrous #-butanol (8.2 mL, 86.16 mmol) was added, followed by
DMAP (3.51 g, 28.72 mmol). DCC (17.78 g, 86.16 mmol) was added, and the mixture was
stirred at room temperature for 2 days. The mixture was filtered and then dried down, and the
product was purified by flash column chromatography using heptane/ethyl acetate to give a yield
of 63 % (5.86 g).

[00273] Synthesis of ferr-butyl 6-aminohexanoate. To a mixture of fert-butyl 6-
(((benzyloxy)carbonyl)amino)hexanoate (5.86 g, 18.23 mmol) and 10 % Pd/C (194 mg, 1.82

mmol), 250 mL of methanol was added. The mixture was stirred at room temperature for 5 hours
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under a hydrogen atmosphere, after which it was filtered and the solvent was removed to give the
product in 131 % yield (4.48 g).

[00274] Synthesis of N-[(CH;)s-COO--Bu]-N’-Boc-N’-methyl-ethylenediamine. To the
solution of tert-butyl 6-aminohexanoate (3.41g , 18.21 mmol) in 80 mL of methanol, (N-
methyl)-N-BOC acetaldehyde(3.15 g, 18.21 mmol) was added. The mixture was stirred at room
temperature for 3 hours. NaBH, (2.07 g, 54.62 mmol) was added to the mixture at 0°C, and the
resultant mixture was stirred at 0°C for 1 hour and at room temperature for 1 hour. The reaction
was quenched by adding 10 mL of water. After removal of solvent, 30 mL of water was added,
and the mixture was extracted three times with methylene chloride. The combined organic layer
was dried over Na,SO4 and dried down. The product was purified by flash column
chromatography using heptane/ethyl acetate followed by methylene chloride/methanol.

[00275] Synthesis of N-[(CH,)s COO-#-Bu]-N’-Boc-N’-methyl-ethylene-diamine 6-
hydroxybenzo[d|thiazole-2-carbonitrile-carbamate. To the mixture of 2-cyano-6-
hydroxybezothiazole (0.366 g, 2.08 mmol) and bis(pentafluorophenyl) carbonate (0.902 g, 2.29
mmol) in 20 ml of dry THF, TEA (580 uL, 4.16 mmol) was added at room temperature under
nitrogen. The mixture was stirred for 30 min minutes, and N-[(CH;)s-COO-#-Bu]-N’-Boc-N’-
methyl-ethylenediamine (1.43 g, 4.16 mmol) in 10 mL dry THF was added. The resulting
mixture was stirred at room temperature for over 30 minutes. The solvent was removed, and then
the product mixture was dissolved in methylene chloride and washed with saturated K,COj;
solution 3 times and once with water. The organic layer was dried over Na,SOy4, and the solvent
was removed. The compound was purified by flash column chromatography using heptane/ethyl
acetate as eluent to give the product in a yield of 77 % (0.875 g).

[00276] Synthesis of N-[(CH,)s COO-#-Bu]-N’-methyl-ethylene-diamine-2-
cyanobenzothiazole-6-carbamate. N-[(CH;)s COO-#-Bu]-N’-Boc-N’-methyl-cthylene-diamine
6-hydroxybenzo[d]thiazole-2-carbonitrile-carbamate was dissolved in 10 mL methylene chloride
over ice, and 5 mL (20 %) thioanisole was added. 10 mL of TFA were slowly added over ice,
after which the reaction mixture was stirred on ice for 30 min, then stirred at room temperature
for 5 hours. The solvents were then co-evaporated with toluene, and the product was purified by
flash column chromatography using heptane/ethyl acetate followed by methylene
chloride/methanol to give the product in a 94 % yield (0.589 mg).
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[00277] Synthesis of N-[(CH,)sCOOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
carbamate. To the solution of 3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic acid (1.13 g, 4.53 mmol) and isobutyl chloroformate (594 uL, 4.53 mmol) in 35 ml
dry THF, N-methyl morphorline (1.26 mL, 9.05 mmol) was added at 0°C. The resultant mixture
was stirred for 1 hr at 0°C, after which N-[(CH,)s COO-#-Bu]-N’-methyl-cthylene-diamine-2-
cyanobenzothiazole-6-carbamate in 5 ml of dry THF was added, and the resultant mixture was
stirred for 2 hours at room temperature. The product mixture was acidified with acetic acid then
dried down. The product was purified by flash column chromatography using heptane/ethyl
acetate, then methylene chloride/methanol to give a yield of 87% (0.817 g).

[00278] Synthesis of N-[(CH,)sCOOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-
dioxocyclohexa-1,4-dien-1-yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6-
carbamate NHS ester (C6 NHS ester). To the mixture of TSTU (2.76 g, 9.16 mmol) and N-
[(CH;)sCOOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6- carbamate (0.815 g, 1.31 mmol),
60 mL of acctonitrile was added. DIPEA (1.82 mL, 10.47 mmol) was added, and the reaction
mixture was stirred for 1 hour at room temperature. The product mixture was diluted with a large
volume of methylene chloride, then washed with 30% citric acid solution twice, then once with
water, dried with Na,SQ,, filtered, and the solvent was removed. The product was purified by
flash column chromatography using heptane/ethyl acetate to give a 76 % yield (0.717 g).
[00279] Synthesis of #5661. C6 NHS ester and CDCA-lysCOOH were coupled using Method
1 to give product #5661 in a 71 % yield (111 mg). MS-ESI (m/e): 1126.48 [M+H].

[00280] Synthesis of #5665. The luciferin version of #5661 was prepared using Method 2 to
give a 38 % yield (21 mg). MS-ESI (m/e): 1230.57 [M+H].

[00281] Synthesis of #5662. C6 NHS ester and UDCA-lysCOOH were coupled using Method
1 to give product #5661 in a 78 % yield (122 mg). MS-ESI (m/e): 1126.48 [M+H].

[00282] Synthesis of #5666. The luciferin version of #5662 was prepared using Method 2 to
give a 20 % yield (16 mg). MS-ESI (m/e): 1230.57 [M+H].

[00283] Synthesis of #5660. C6 NHS ester and DCA-lysCOOH were coupled using Method 1
to give product #5661 in a 38 % yield (59 mg). MS-ESI (m/e): 1126.67 [M+H].
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[00284] Synthesis of #5664. The luciferin version of #5660 was prepared using Method 2 to
give a 98 % yield (27 mg). MS-ESI (m/e): 1230.62 [M+H].

[00285] Synthesis of #5659. C6 NHS ester and LCA-lysCOOH were coupled using Method 1
to give product #5661 in a 33 % yield (51 mg). MS-ESI (m/e): 1109.55 [M+H].

[00286] Synthesis of #5663. The luciferin version of #5659 was prepared using Method 2 to
give a 36 % yield (12 mg). MS-ESI (m/e): 1212.30 [M-H].

EXAMPLE 11

NH
+ H2N/\/ 2
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HO I 0O I OH

FAM NHS ester FAM diamine
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C °
HO O OH HOOOH

5682 5826

[00287] Synthesis of FAM diamine. Dicthyl amine (317 mg, 5.28 mmol) was dissolved in 7
mL DMF, and then 500 mg of FAM NHS ester dissolved in 7 mL DMF was added drop-wise
and stirred at room temperature for 30 min. The solvent was then removed, and the product

mixture was re-dissolved in methanol and water, and then purified by reverse phase HPLC on a
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C18 column using 0.1% formic acid and methanol to give FAM diamine in a yield of 77 % (342
mg). MS-ESI (m/e): 442.9 [M+H].

[00288] Synthesis of # 5682. PEG2 NHS ester and FAM diamine were coupled using Method
1 described above. The product was purified by reverse phase HPLC on a C18 column using
0.1% formic acid and acetonitrile to give #5682 in a 47 % yield (15 mg). MS-ESI (m/e): 1069.81
[M+H].

[00289] Synthesis of # 5826. The luciferin version of # 5682 was prepared using Method 2
described above. The product was then purified by reverse phase HPLC on a C18 column using
0.1% formic acid and acetonitrile to give # 5826 in a 89 % yield (42 mg). MS-ESI (m/e):
1175.20 [M+H].

[00290] Synthesis of # 5684. C4 NHS ester and FAM diamine were coupled using Method 1
described above. The product was purified by reverse phase HPLC on a C18 column using 0.1%
formic acid and acetonitrile to give #5682 in a 46 % yield (41 mg). MS-ESI (m/e): 995.98
[M+H].

[00291] Synthesis of # 5824. The luciferin version of # 5684 was prepared using Method 2
described above. The product was then purified by reverse phase HPLC on a C18 column using
0.1% formic acid and acetonitrile to give # 5824 in > 99% yield (67 mg). MS-ESI (m/e):
1099.37 [M+H].

[00292] Synthesis of # 5683. C6 NHS ester and FAM diamine were coupled using Method 1
described above. The product was purified by reverse phase HPLC on a C18 column using 0.1%
formic acid and acetonitrile to give #5682 in a 78 % yield (19 mg). MS-ESI (m/e): 1024.38
[M+H].

[00293] Synthesis of # 5825. The luciferin version of # 5683 was prepared using Method 2
described above. The product was then purified by reverse phase HPLC on a C18 column using
0.1% formic acid and acetonitrile to give # 5825 in a 67 % yield (36 mg). MS-ESI (m/e):
1128.98 [M+H].
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EXAMPLE 12

O
o]
o}
DMF/PBS

\_\N

)

{
< o

PEG3000—NH
(0]
(o]
PBS/MeOH O

gN
02

o]

(o]

PEG3000—NH, *

o/\/o\/\ZJ/ o]

5907

Y

SH

OH
CIH3N

o}

144

\>—CN



WO 2015/116867

(6] (6]
PBS/MeCH
S——— 0]

—PEG3000—NH,

PCT/US2015/013617
o o
o
—N
DMF/PBS 2 o s
N
— CN
RT,4h T(\)/ \@N%

Y N N"cooH
o
—PEG3000—NH
5911
o
o o
0
—N DMF/PBS N ©
2 + PEG3p00—NH, —————»
RT,4h
Ny © CI ® 0
N
)—CN s
© N ¥ \©: PN
N

o

g o
o o
o
PBS/MeOH —N
— {

OH \‘o( @: — l
CIH3N N N™ “cooH

v —PEG3000—NH

5912

145



WO 2015/116867 PCT/US2015/013617

[00294] Synthesis of #5907, #5909, and #5910: 1 mL of 20nm gold nanoparticles (GNPs)
(OD = 50) coated with Peg3000 and functionalized with free amine groups were purchased from
Cytodyagnostics Inc. 10uL. of GNP solution was added to a small eppendorf tube, and 1 mg of
N-[(PEG),COOH]-N’-methyl-N’-[3-methyl-3-(2,4,5-trimethyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)butanoic amido]-ethylenediamine-2-cyanobenzothiazole-6- carbamate NHS ester dissolved in
10 uL. DMF was added. 500 uL. of PBS buffer and 500 pL of DMF was added, then sonicated
briefly and placed on shaker at room temperature for 4 hours. After the reaction, 1 mL PBST
(0.05% Tween80 in PBS buffer) was added and centrifuged at 14,000 rpm for 30 min. The
supernatant was removed, and 350 uL methanol added. The pellet was resuspended and then
spun down again. The methanol wash was repeated twice, and the pellet washed similarly with
DMEF three times.

[00295] Synthesis of #5908, #5911, and #5912: 1 mg of d-cysteine was dissolved in 350uL
PBS buffer and added to eppendorf tube containing modified GNPs from #5907, #5909, or
#5910, respectively. 350 uLL. methanol was added, and then the solution placed on shaker at room
temperature for 3 hours. After the reaction, the contents were centrifuged at 14,000 rpm for 30
min, and then most of the supernatant removed. The pellet was washed three times with a 1:1

mixture of water and methanol, and then three times with DMF.

EXAMPLE 13

5915
[00296] Synthesis of #5915. Approximately 100mg (392 umol, 2 equiv.) of maleimide TFA
salt was added to a vial together with 2mL DMF and 150 mg (196 pmol, 1 equiv.) of the
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respective NHS ester dissolved in ImL DMF. 70puL DIPEA (392 pumol, 2 equiv.) was added and
then stirred at room temperature for over an hour. The reaction mixture was dried down, and then
purified by flash column chromatography using a gradient of methylene chloride/ methanol. MS-
ESI (m/e): 791.9 [M+H].

[00297] Compounds #5916, #5917, and #5918 were synthesized in a similar manner using the

corresponding NHS esters.

o (0] (0] ©
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~N ° Fl OD > ~N Oo N
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EXAMPLE 14
[00298] SLNs may be attached to the quinone probe through the scheme shown in FIG. 15.

EXAMPLE 15
Antibody Labeling

[00299] To demonstrate labeling of an antibody with the compounds of the present invention,
the monoclonal antibody, Herceptin, was labeled with PBI-5508 (Example 4). Lyophilized
Herceptin was dissolved in 0.1 M Sodium Bicarbonate, pH 8.6 at 10 mg/ml, and then diluted to 1
mg/ml in 100 pl of the same buffer. A 50 mM stock of the pro-luciferin, PBI-5508, was
prepared in 100% DMSO. For labeling of the antibody, 3.3 ul of PBI-5508 (3.3 nmol) was
added to 100 ul of diluted Herceptin (0.66 nmol) for 5-fold molar excess of PBI-5508. The
sample was then covered in foil and incubated for 60 min at room temperature on a tube rotator.
To remove free PBI-5508, 100 ul of the labeling reaction was placed onto an equilibrated G-25
Sequencing MicroSpin Column (Amersham, 200 ul resin) and eluted by spinning for 30 sec at
3000 rpm. The labeled Herceptin was contained in the flow-through. Labeling efficiency was
determined by spectrophotometry by taking the absorbance of the Herceptin-PBI-5508 molecule
at 280 nm and 320 nm. The degree of labeling was 2.3 PBI-5508 molecules per one Herceptin

antibody molecule.
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EXAMPLE 16
[00300] In a white, 384-well, low volume assay plate, in triplicate, 5 ul of Herceptin:PBI-5508
(Example 15) was plated at varying concentrations, or 5 ul of 0.1 M sodium bicarbonate pH 8.6
buffer was plated as a control. 5 ul of a solution containing Luciferin Detection Reagent
(Promega, V859/865), reductase (Promega, NAD(P)H-Glo kit at the recommended
concentration), 50 uM NADH and 10 mM D-cysteine was added to the assay wells. The
reaction was incubated at room temperature for 45 min, and luminescence (relative light unit,
RLU) was measured on a Tecan M1000Pro.
[00301] The results in Table 3 show that the Herceptin:PBI-5508 molecule is a substrate for

diaphorase.

Table 3
Avg RLU | SD
Herceptin: 5508, 1x | 15513 166
Herceptin: 5508, 0.5x | 6526 570
Buffer Control 11 5
EXAMPLE 17

[00302] In a 384-well assay plate, SKBR3 cells were plated at 10,000 cells/well in 20 ul
McCoy media. Other wells received media only as a control. Media and cells were incubated at
37°C /5% CO, for 2 hours. Herceptin:PBI-5508 was added to a final concentration of 15 ng/ul
plus or minus 500 mM sucrose (final concentration) in 20 ul final volume. The reaction was
incubated at 37°C /5%CO, for 6 hours. Then, 40 ul of Luciferin Detection Reagent (Promega,
V865/859) plus 10 mM D-cysteine was added to all wells. The reaction was incubated at room
temperature for 20 min, and luminescence (RLU) was measured on a Tecan M1000Pro.

[00303] The results in Table 4 show that Herceptin:PBI-5508 was reduced in cells after

internalization. Sucrose was used to increase the release of molecules from the endosome.

Table 4
Cells | Herceptin: 5508 | Sucrose | Avg RLU at6 h
Y Y N 58
Y Y Y 143
N Y N 88
N Y Y 8
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EXAMPLE 18
[00304] Experiments were conducted during development of embodiments of the present
disclosure to demonstrate an uptake transporter assay using a variety of compounds described
herein.
[00305] Stock solutions of each compound were prepared as 10mM in methanol. Corning
TransportoCells OATP1B1*1a, OATP1B3, and Control Cells were used as cell model for cell-
based uptake transporter assay. Cells were cultured according to manufacturer’s
recommendations. Briefly, cells were thawed from liquid nitrogen storage and cultured in
Dulbecco’s Modified Eagle’s medium supplemented with fetal bovine serum (FBS), MEM non-
essential amino acid, and sodium butyrate. Cells were then plated in Corning 96-well, poly-D-
Lysine white/clear plate at 100,000 cells/well in 100ul medium and incubated for 24 hours at
37°C with 5% COs,.
[00306] The uptake transporter assay was carried out by adding 100ul of Hank’s balanced salt
solution containing 10uM of one of the compounds to all the cells and incubated at 37°C for 30
minutes. For cells treated with PBI-5651, PBI-5657, PBI-5658, PBI-5665, PBI-5666, PBI-5824,
PBI-5825, and PBI -5826, an equal volume of Luciferin Detection Reagent (Promega) was
added. For cells treated with PBI-5648, PBI-5682, PBI-5683, and PBI-5684, an equal volume of
Luciferin Detection Reagent containing D-cysteine (Promega) was added. After a 20 minute
incubation at room temperature (20°-25°C), luminescence was detected on a GloMax®
luminometer.
[00307] FIGS. 1-12 demonstrates increased luminescence (RLU) over TransportoCells Control
Cells and no-cell control from TransportoCells OATP1B1*1a and OATP1B3 using the

compounds of the present invention.

EXAMPLE 19
[00308] Experiments were conducted during development of embodiments of the present
invention to demonstrate an uptake transporter assay using different concentrations of PBI-5651.
[00309] PBI-5651 stock solution was prepared as 10mM in methanol. Corning TransportoCells
OATPIBI1*1a, OATPIB3, and Control Cells were used as cell model for cell-based uptake
transporter assay. Cells were cultured according to manufacturer’s recommendations. Briefly,
cells were thawed from liquid nitrogen storage and cultured in Dulbecco’s Modified Eagle’s

medium supplemented with fetal bovine serum (FBS), MEM non-essential amino acid,
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and sodium butyrate. Cells were then plated in Corning 96-well, poly-D-Lysine white/clear plate
at 100,000 cells/well in 100ul medium and incubated for 24 hours at 37°C with 5% CO,.

[00310] The uptake transporter assay was carried out by adding 100ul of Hank’s balanced salt
solution containing various concentrations (See FIG. 13) of PBI-5651 to all the cells and
incubated at 37°C for 30 minutes. An equal volume of Luciferin Detection Reagent (Promega)
was added to the cells. After a 20 minute incubation at room temperature (20°-25°C),
luminescence was detected on a GloMax® luminometer.

[00311] FIG. 13 demonstrates dynamic response of luminescence (RLU) from TransportoCells
OATP1B1*1a and OATP1B3.

[00312] Any ranges given either in absolute terms or in approximate terms are intended to
encompass both, and any definitions used herein are intended to be clarifying and not limiting.
Notwithstanding that the numerical ranges and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth in the specific examples are reported
as precisely as possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in their respective testing measurements.
Moreover, all ranges disclosed herein are to be understood to encompass any and all subranges
(including all fractional and whole values) subsumed therein.

[00313] Furthermore, the invention encompasses any and all possible combinations of some or
all of the various embodiments described herein. Any and all patents, patent applications,
scientific papers, and other references cited in this application, as well as any references cited
therein, are hereby incorporated by reference in their entirety.

[00314] For reasons of completeness, various aspects of the present disclosure are set out in the
following numbered clauses:

[00315] Clause 1. A compound of formula (I), or a salt thereof,
0] R10 R 6]
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)

wherein

A 1s a reporter moiety;

R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;

R’ and R'” are independently selected from alkyl;

R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;

L is -(CH,)mC(R'7)(CH,),-Y-C(O)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

Y is O or NR";

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R*', -alkyl-SO:R?, -alkyl-SO,N(R**)(R*"), -alkyl-COR?®, -alkyl-
CO,R?, -alkyl-OC(O)R?, -alkyl-OC(O)N(R**}R*"), -alkyl-CON(R™)(R?"), or polyalkoxyalkyl,
wherein the polyalkoxyalkyl is unsubstituted or substituted with one or more suitable
substituents; and R, R*, R”, R*®, R¥, R*, R”, R*, and R* are cach independently selected
from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl
[00316] Clause 2. The compound of claim 1, wherein R" is polyalkoxyalkyl, wherein the
polyalkoxyalkyl is -(C,-Ce-alkoxy)«-alkyl, -(C,-Cs-alkoxy)s-haloalkyl, -(C,-Cs-alkoxy)x-
hydroxyalkyl, -(C,-Cg-alkoxy)s-aminoalkyl, -(C,-Cs-alkoxy)s-alkylaminoalkyl, -(C,-Cq-
alkoxy)xdi(alkyl)aminoalkyl, -(C,-Ce-alkoxy)s-azidoalkyl, -(C,-Cgs-alkoxy)x-cyanoalkyl, -(C,-Co-
alkoxy)x-alkenyl, -(C,-Cs-alkoxy)s-alkynyl, -(C1-Cs-alkoxy),-N(R*)C(O)R>, -(C,-Cg-alkoxy)-
SO;R”, <(C1-Ce-alkoxy)s-alkyl-SON(R*)R?"), -(C,-Cg-alkoxy)s-alkyl-COR?®, -(C,-Ce-
alkoxy)y-alkyl-OC(O)R?, -(C,-Cs-alkoxy),-alkyl-OC(O)N(R™)(R"), <(C,-Cs-alkoxy),-alkyl-
CO,R”, and ~(Cy-Cg-alkoxy)s-alkyl-CON(R**)R?"), wherein R, R**, R*, R*, R, R, R¥,
R, and R*! are cach independently selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl,

and cycloalkyl; and x is an integer selected from 1 to 20.
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[00317] Clause 3. The compound of clause 1, wherein R" is polyalkoxyalkyl, wherein the
polyalkoxyalkyl is unsubstituted or substituted with 1 to 3 substituents independently selected
from the group consisting of alkyl, alkoxyalkyl, haloalkyl, haloalkoxyalkyl, hydroxyalkyl,
aminoalkyl, alkylaminoalkyl, di(alkyl)aminoalkyl, azidoalkyl, cyanoalkyl, alkoxy, haloalkoxy,
alkoxyalkoxy, alkenyl, alkynyl, -N(R*)C(O)R*, -SO;R”, -SO,N(R*)(R*"), -COR**, -CO,R”,
and -CON(RSO)(RSI), wherein R*, R*, R, R*, R”, R*®, R?, R™, and R*! are cach
independently selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00318] Clause4. The compound of clause 1, wherein R" is

R40

wherein

R* is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl, wherein said aryl, heteroaryl, heterocyclyl, and
cycloalkyl are unsubstituted or substituted with one or more suitable substituents; and

X 1§ an integer selected from 1 to 20.
[00319] Clause 5. The compound of clause 4, wherein R*” is hydrogen.
[00320] Clause 6. The compound of clause 4, wherein R* is a 5- or 6-membered
heterocyclyl, having 1, 2, or 3 heteroatoms independently selected from the group consisting of
N, O, and S.
[00321] Clause 7. The compound of clause 4, wherein RYis

o ]

N

[00322] Clause 8. The compound of clause 4, wherein x is 2, 3, or 4.

[00323] Clause 9. The compound of clause 4, having formula (I-vi), or a salt thereof,
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OR40

O R10 =g O

(I-vi)
wherein
R’ R R'" R"™ RY, R"™ RY, x, and A are as defined above.
[00324] Clause 10. The compound of clause 1, selected from the group consisting of:
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[00325] Clause 11. The compound of clause 1, wherein the reporter moiety comprises a
bioluminescent reporter moiety or fluorescent reporter moiety.

[00326] Clause 12. The compound of clause 11, wherein the bioluminescent reporter moiety
comprises a substrate for a luciferase.

[00327] Clause 13. The compound of clause 12, wherein the substrate comprises luciferin, a
luciferin derivative or analog, a preluciferin or a preluciferin analog, a coelenterazine or a

coelenterazine derivative or analog.
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[00328] Clause 14. The compound of clause 12, wherein the substrate is furimazine,
coclenterazine H,H, or luciferin.
[00329] Clause 15. The compound of clause 12, wherein the luciferase is a beetle luciferase, a
Renilla luciferase, an Oplophorus luciferase or a variant thereof.
[00330] Clause 16. The compound of clause 11, wherein the reporter moiety comprises a
fluorescent reporter moiety.
[00331] Clause 17. The compound of clause 16, wherein the fluorescent reporter moiety
comprises a fluorophore.
[00332] Clause 18. The compound of clause 17, wherein the fluorophore is coumarin, R110,
fluoroscein, DDAO, resorufin, cresyl violet, silyl xanthene or carbopyronine.
[00333] Clause 19. A method for evaluating cellular uptake of an agent, the method
comprising:
a) contacting a sample with a labeled agent, wherein the labeled agent comprises an
agent and a compound of any one of clauses 1 to 18, wherein the sample comprises a cell; and
b) detecting light emission,
whereby the detection of light emission indicates cellular uptake of the agent.
[00334] Clause 20. The method of clause 19, wherein the cellular uptake of the agent results
in the reduction of the compound and the release of the reporter moiety, thereby generating a
released reporter moiety.
[00335] Clause 21. The method of clause 20, wherein the reporter moiety comprises a
fluorescent reporter moiety.
[00336] Clause 22. The method of clause 21, wherein detecting light emission comprises
exposing the sample to a wavelength of light to generate fluorescence and detecting light
emission comprises detecting the fluorescence level of the sample, wherein an increase in
fluorescence level or a change in fluorescence wavelength as compared to the fluorescence level
of a control sample indicates cellular uptake of the agent.
[00337] Clause 23. The method of clause 22, wherein the control sample is a sample that is
not contacted with a labeled agent.
[00338] Clause 24. The method of clause 22, wherein the fluorescence level is detected inside

the cell.
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[00339] Clause 25. The method of clause 22, wherein the fluorescence level is detected
outside the cell.

[00340] Clause 26. The method of clause 20, wherein the reporter moiety comprises a
bioluminescent reporter moiety.

[00341] Clause 27. The method of clause 26, wherein the bioluminescent reporter moiety
comprises a substrate for a luciferase.

[00342] Clause 28. The method of clause 27, wherein the cell comprises a luciferase.

[00343] Clause 29. The method of clause 28, wherein the cell expresses the luciferase.
[00344] Clause 30. The method of clause 28, wherein detecting light emission comprises
detecting the luminescence level produced by the luciferase and the released reporter moiety.
[00345] Clause 31. The method of clause 27, further comprising contacting the sample with a
luciferase and wherein detecting light emission comprises detecting luminescence level produced
by the luciferase and the released reporter moiety.

[00346] Clause 32. The method of clause 30 or 31, wherein the light emission is detected
inside the cell or detected outside the cell.

[00347] Clause 33. A method for evaluating cellular uptake of an agent, the method
comprising:

(a) contacting a sample with a labeled agent, wherein the labeled agent comprises an
agent and a compound of any one of clause 1 to 11, wherein the sample comprises a cell,
wherein the cellular uptake of the agent results in the reduction of the compound and the release
of the reporter moiety, thereby generating a released reporter moietys;

(b) exposing the sample to a wavelength of light to generate fluorescence,

(c) detecting the fluorescence level of the sample, and

(d) comparing the fluorescence level of the sample to a fluorescence level of a control
sample, wherein an increase in fluorescence level or a change in fluorescence wavelength as
compared to the fluorescence level of the control sample indicates cellular uptake of the agent.
[00348] Clause 34. The method of clause 33, wherein the reporter moiety comprises a
fluorescent reporter moiety.

[00349] Clause 35. The method of clause 34, wherein the fluorescent reporter moiety

comprises a fluorophore.
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[00350] Clause 36. The method of clause 35, wherein the fluorophore is coumarin, R110,
fluoroscein, DDAO, resorufin, cresyl violet, silyl xanthen or carbopyronine.

[00351] Clause 37. The method of clause 33, wherein the fluorescence level is detected inside
the cell.

[00352] Clause 38. The method of clause 33, wherein the fluorescence level is detected in the
sample.

[00353] Clause 39. The method of clause 33, wherein the control sample is sample medium
with labeled agent but without cells, a sample with labeled agent and cells but without
experimental treatment, or a sample not contacted with labeled agent.

[00354] Clause 40. A method for evaluating cellular uptake of an agent, the method
comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises an
agent and a compound of any one of clause 1 to 11, wherein the sample comprises a cell,
wherein the cell comprises luciferase, wherein the cellular uptake of the agent results in the
reduction of the compound and the release of the reporter moiety, thereby generating a released
reporter moiety;

b) detecting a luminescence level of the sample; and

¢) comparing the luminescence level of the sample to a luminescence level of a control
sample, wherein cellular uptake of the agent is indicated if the luminescence level of the sample
is higher or lower than the luminescence level of the control sample.

[00355] Clause 41. The method of clause 40, wherein the luminescence level is produced by
the luciferase and the released reporter moiety.

[00356] Clause 42. The method of clause 40, wherein the luminescence is detected inside the
cell or detected outside in the cell medium.

[00357] Clause 43. The method of clause 40, wherein the control sample is a sample that is
not contacted with a labeled agent.

[00358] Clause 44. A method for evaluating cellular uptake of an agent, the method
comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises an

agent and a compound of any one of clause 1 to 11, wherein the sample comprises a cell and a
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cell medium, wherein the cellular uptake of the agent results in the reduction of the compound
and the release of the reporter moiety, thereby generating a released reporter moiety;

b) contacting the sample with a luciferase;

¢) detecting a luminescence level of the sample; and

d) comparing the luminescence level of the sample to a luminescence level of a control
sample, wherein cellular uptake of the agent is indicated if the luminescence level of the sample
is higher or lower than the luminescence level of the control sample.
[00359] Clause 45. The method of clause 44, wherein the luminescence level is produced by
the luciferase and the release reporter moiety.
[00360] Clause 46. The method of clause 44, wherein the luminescence is detected in the cell
or detected in the cell medium.
[00361] Clause 47. The method of clause 44, wherein the control sample is sample medium
with labeled agent but without cells, a sample with labeled agent and cells but without
experimental treatment, or a sample not contacted with labeled agent.
[00362] Clause 48. The method of any one of clauses 19-47, wherein the agent is a biological
agent.
[00363] Clause 49. The method of clause 48, wherein the biological agent is selected from the
group consisting of a protein, a nucleic acid, a lipid, and a sugar.
[00364] Clause 50. The method of clause 49, wherein the protein is an antibody or a
lipoprotein.
[00365] Clause 51. The method of clause 50, wherein the antibody is Herceptin.
[00366] Clause 52. The method of any one of clauses 19-47, wherein the agent is a non-
biological agent.
[00367] Clause 53. The method of clause 52, wherein the non-biological agent is selected
from the group consisting of a therapeutic drug, a small molecule, and a nanoparticle, or any
combination thereof.
[00368] Clause 54. The method of any one of clauses 19-53, wherein the cell is a eukaryotic
cell or a prokaryotic cell.
[00369] Clause 55. The method of clause 54, wherein the cell is in an animal.

[00370] Clause 56. The method of clause 54, wherein the cell is growing in culture medium.
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[00371] Clause 57. A labeled agent derived from an agent and a compound according to any
one of clauses 1 to 10.

[00372] Clause 58. The labeled agent of clause 57, wherein the agent is a biological agent.
[00373] Clause 59. The labeled agent of clause 58, wherein the biological agent is selected
from the group consisting of a protein, a nucleic acid, a lipid, and a sugar.

[00374] Clause 60. The labeled agent of clause 59, wherein the protein is an antibody or a
lipoprotein.

[00375] Clause 61. The labeled agent of clause 60, wherein the antibody is Herceptin.
[00376] Clause 62. The labeled agent of clause 57, wherein the reporter moiety comprises a
bioluminescent reporter moiety or fluorescent reporter moiety.

[00377] Clause 63. The labeled agent of any one of clauses 57, wherein the agent is a non-
biological agent.

[00378] Clause 64. The labeled agent of clause 63, wherein the non-biological agent is
selected from the group consisting of a therapeutic drug, a small molecule, and a nanoparticle, or
any combination thereof.

[00379] Clause 65. The labeled agent of clause 62, wherein the bioluminescent reporter
moiety comprises a substrate for a luciferase.

[00380] Clause 66. The labeled agent of clause 65, wherein the substrate comprises luciferin,
a luciferin derivative, a coelenterazine or a coelenterazine derivative.

[00381] Clause 67. The labeled agent of clause 66, wherein the substrate is furimazine,
coelenterazine H,H, lucifeirn, or pre-luciferin.

[00382] Clause 68. The labeled agent of clause 66, wherein the luciferase is a beetle
luciferase, a Renilla luciferase, or an Oplophorus luciferase.

[00383] Clause 69. The labeled agent of clause 62, wherein the reporter moiety comprises a
fluorescent reporter moiety.

[00384] Clause 70. The labeled agent of clause 69, wherein the fluorescent reporter moiety
comprises a fluorophore.

[00385] Clause 71. The labeled agent of clause 70, wherein the fluorophore is coumarin, a
rhodamine, R110, fluoroscein, DDAQ, resorufin or cresyl violet.

[00386] Clause 72. A kit comprising a compound according to any one of clauses 1 to 18, an

agent, or any combination thereof.
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[00387] Clause 73. A kit comprising a labeled agent comprising an agent and a compound
according to any one of clauses 1 to 18.

[00388] Clause 74. The kit of clause 72 or 73, wherein the agent is a biological agent.
[00389] Clause 75. The kit of clause 74, wherein the biological agent is selected from the
group consisting of a protein, a nucleic acid, a lipid, and a sugar.

[00390] Clause 76. The kit of clause 75, wherein the protein is an antibody or a lipoprotein.
[00391] Clause 77. The kit of clause 72 or 73, wherein the agent is a non-biological agent.
[00392] Clause 78. The kit of clause 77, wherein the non-biological agent is selected from the
group consisting of a therapeutic drug, a small molecule, and a nanoparticle, or any combination
thereof.

[00393] Clause 79. The kit of clause 72 or 73, wherein the compound is a substrate for
luciferase.

[00394] Clause 80. The kit of clause 79, further comprising a detection reagent.

[00395] Clause 81. The kit of clause 80, wherein the detection reagent comprises a luciferase
enzyme.

[00396] Clause 82. A compound of formula (I), or a salt thereof,
0] R10 =g O

RY L A

)
wherein
A 1s a reporter moiety;
R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;
R’ and R'” are independently selected from alkyl;
R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;
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L is -(CH,)mC(R'7)(CH,),-Y-C(O)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

YisOor NRIS;

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R*', -alkyl-SO:R?, -alkyl-SO,N(R**)(R*"), -alkyl-COR?®, -alkyl-
CO,R?, -alkyl-OC(O)R”, -alkyl-OC(O)N(R**}R*"), -alkyl-amide, or polyalkoxyalkyl, wherein
the polyalkoxyalkyl and -alkyl-amide are unsubstituted or substituted with one or more suitable
substituents; and

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00397] Clause 83. The compound of clause 82, wherein R" is polyalkoxyalkyl, wherein the
polyalkoxyalkyl is selected from the group consisting of -(C,-Cg-alkoxy)x-alkyl, -(C2-Co-
alkoxy)x-haloalkyl, -(C,-Cs-alkoxy)s-hydroxyalkyl, -(C,-Cs-alkoxy)s-aminoalkyl, -(C,-Cs-
alkoxy)x-alkylaminoalkyl, -(C,-Cg-alkoxy)di(alkyl)aminoalkyl, -(C,-Cs-alkoxy)s-azidoalkyl, -
(C,-Cs-alkoxy)s-cyanoalkyl, -(C,-Cs-alkoxy)s-alkenyl, -(C,-Ce-alkoxy)s-alkynyl, -(C,-Co-
alkoxy)-N(R*)C(O)R?, (C,-Cs-alkoxy)y-SO3R*, -(C,-Cg-alkoxy)s-alkyl-SO,NR* )R, -
(C,-Ce-alkoxy)s-alkyl-COR™®, -(C,-Cs-alkoxy)s-alkyl-OC(O)R?, -(C»-Cs-alkoxy)-alkyl-
OC(ON(R*))R?), «(C1-Cs-alkoxy)y-alkyl-CO,R*, -(C,-Cg-alkoxy)s-alkyl-CON(R**)(R**) and -
(C-Cs-alkoxy)s-alkyl-(CO)-NR**-(CR*R"),-NR**(CO)-T, wherein

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl;

X 18 an integer selected from 1 to 20;

R* and R* are each independently selected from hydrogen, alkyl, carboxy, a peptide,
a drug, a biologically active moiety, and a dye;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and
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T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

[00398] Clause 84. The compound of clause 82, wherein R" is polyalkoxyalkyl, wherein the
polyalkoxyalkyl is -(C,-Cs-alkoxy)y-alkyl-CON(R**)YR™) or -(C,-Cs-alkoxy)y-alkyl-(CO)-NR*-
(CR*R),-NR*(CO)-T;

X 18 an integer selected from 1 to 20;

R*” and R™* are each independently selected from hydrogen, alkyl, carboxy, aryl,
arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocycle, hydroxyalkyl, protein,
polypeptide, polypeptide-based toxin, amino acid, nucleotide, polynucleotide, lipid, sugar,
carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-linked nanoparticle,
antibody, detergent, and a dye, or a combination thereof;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

[00399] Clause 85. The compound of clause 82, wherein R" is
\(Q\/ v v
O N N T
;X\/\’( T
O O
o OH ,
O
H
\/Q\/O N\/\ )L
;X\/\’( N .
O
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A
Ay

wherein

ZT

O , Or

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof; and

X 1§ an integer selected from 1 to 20.

[00400] Clause 86. The compound of clause 82, wherein R"” is -alkyl-amide, wherein the -
alkyl-amide is -alkyl-CON(R**)(R™) or -alkyl-(CO)-NR**-(CR*R"),-NR**(CO)-T, wherein

R*” and R™* are each independently selected from hydrogen, alkyl, carboxy, aryl,
arylalkyl, cycloalkylalkyl, heteroaryl, heterocycle, alkene, polyol, alkenylpolylol, a peptide, a
drug, a derivative of a drug, a biologically active moiety, and a dye;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

[00401] Clause 87. The compound of clause 82, wherein R" is
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H
N T

T

O

ZT

OH

H H
N\/\/NTT
0 , OF

be
O
-

wherein

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heterocycle,
hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof; and

x 15 0 to 20.
[00402] Clause 88. The compound of clause 82, wherein R is polyalkoxyalkyl, wherein the
polyalkoxyalkyl is unsubstituted or substituted with 1 to 3 substituents independently selected
from the group consisting of alkyl, alkoxyalkyl, haloalkyl, haloalkoxyalkyl, hydroxyalkyl,
aminoalkyl, alkylaminoalkyl, di(alkyl)aminoalkyl, azidoalkyl, cyanoalkyl, alkoxy, haloalkoxy,
alkoxyalkoxy, alkenyl, alkynyl, -N(R*)C(O)R*, -SO;R”, -SO,N(R*)(R*"), -COR**, -CO,R”,
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and -CON(RSO)(RSI), wherein R*, R*, R, R*, R”, R*®, R?, R™, and R*! are cach
independently selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.
[00403] Clause 89. The compound of clause 82, wherein R" is

O O

\ R40

wherein

R* is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl, wherein said aryl, heteroaryl, heterocyclyl, and
cycloalkyl are unsubstituted or substituted with one or more suitable substituents; and

X 1§ an integer selected from 1 to 20.
[00404] Clause 90. The compound of clause 89, wherein R* is hydrogen.
[00405] Clause 91. The compound of clause 89, wherein R* is a 5- or 6-membered
heterocyclyl, having 1, 2, or 3 heteroatoms independently selected from the group consisting of
N, O, and S.
[00406] Clause 92. The compound of clause 89, wherein RYis

o |

N

[00407] Clause 93. The compound of clause 89, wherein x is 2, 3, or 4.
[00408] Clause 94. The compound of clause 89, having formula (I-vi), or a salt thereof,
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OR40
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(I-v1).
[00409] Clause 95. The compound of clause 82, wherein R" is

. H\/\N
: /
\/QVOWH\/\N
! /J
0 ; and

each x is independently 0 to 20.
[00410] Clause 96. The compound of clause 82, selected from the group consisting of:
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PBI 5832

and

or a salt thereof.

[00411] Clause 97. The compound of any one of clauses 83-87, wherein T is a protein, a
polypeptide, a oligonucleotide, a protein-oligonucleotide conjugate, a lipid, a therapeutic drug, a
small molecule, a fluorescent molecule, a polymer-linked nanoparticle, a detergent, or a sugar.
[00412] Clause 98. The compound of clause 97, wherein T is a protein.

[00413] Clause 99. The compound of clause 98, wherein the protein is an antibody.

[00414] Clause 100. The compound of clause 97, wherein T is a polypeptide.

[00415] Clause 101. The compound of clause 100, wherein the polypeptide is a polypeptide
toxin.

[00416] Clause 102. The compound of clause 97, wherein T is a therapeutic drug.

[00417] Clause 103. The compound of clause 102, wherein the compound is PBI-5651, PBI-
5658, PBI-5666, PBI-5648, PBI-5655, PBI-5662, PBI-5657, PBI-5665, PBI-5667, PBI-5650,
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PBI-5654, PBI-5661, PBI-5827, PBI-5828, PBI-5829, PBI-5647, PBI-5668, PBI-5659, PBI-
5663, PBI-5652, PBI-5669, PBI-5625, PBI-5649, PBI-5653, PBI-5656, PBI-5660, PBI-5664,
PBI-5830, PBI-5831 or

[00418] Clause 104. The compound of clause 97, wherein T is a fluorescent molecule.

[00419] Clause 105. The compound of clause 104, wherein the fluorescent molecule is FAM
diamine.

[00420] Clause 106. The compound of clause 105, wherein the compound is PBI-5683, PBI-
5826, PBI-5682, PBI-5684, PBI-5824, or PBI-5825.

[00421] Clause 107. The compound of clause 97, wherein T is a polymer-linked nanoparticle or
a detergent.

[00422] Clause 108. The compound of clause 107, wherein the nanoparticle is a gold
nanoparticle.

[00423] Clause 109. The compound of clause 108, wherein the compound is PBI-5907, PBI-
5908, PBI-5909, PBI-5910, PBI-5911, or PBI-5912.

[00424] Clause 110. The compound of clause 82, wherein the reporter moiety comprises a
bioluminescent reporter moiety or fluorescent reporter moiety.

[00425] Clause 111. The compound of clause 110, wherein the bioluminescent reporter moiety

comprises a substrate for a luciferase.
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[00426] Clause 112. The compound of clause 111, wherein the substrate comprises luciferin, a
luciferin derivative or analog, a preluciferin or a preluciferin analog, a coelenterazine or a
coelenterazine derivative or analog.
[00427] Clause 113. The compound of clause 111, wherein the substrate is furimazine,
coclenterazine H,H, or luciferin.
[00428] Clause 114. The compound of clause 111, wherein the luciferase is a beetle luciferase,
a Renilla luciferase, an Oplophorus luciferase, or a variant thereof.
[00429] Clause 115. The compound of clause 110, wherein the reporter moiety comprises a
fluorescent reporter moiety.
[00430] Clause 116. The compound of clause 115, wherein the fluorescent reporter moiety
comprises a fluorophore.
[00431] Clause 117. The compound of clause 116, wherein the fluorophore is coumarin, R110,
fluoroscein, DDAO, resorufin, cresyl violet, silyl xanthene or carbopyronine.
[00432] Clause 118. A method for evaluating cellular uptake of an agent, the method
comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of clauses 82-117 or ii) a compound of any one of clauses 82-
117, wherein the sample comprises a cell; and

b) detecting light emission,

whereby the detection of light emission indicates cellular uptake of the agent.
[00433] Clause 119. The method of clause 118, wherein the cellular uptake of the agent results
in the reduction of the compound and the generation of a released reporter moiety.
[00434] Clause 120. The method of clause 119, wherein the reporter moiety comprises a
fluorescent reporter moiety.
[00435] Clause 121. The method of clause 120, wherein detecting light emission comprises
exposing the sample to a wavelength of light and detecting fluorescence level in the sample,
wherein an increase in fluorescence or a change in fluorescence wavelength as compared to the
fluorescence or fluorescence wavelength of a control sample indicates cellular uptake of the
agent.
[00436] Clause 122. The method of clause 121, wherein the control sample is a sample that is

not contacted with a labeled agent.
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[00437] Clause 123. The method of clause 121, wherein fluorescence is detected inside the cell.
[00438] Clause 124. The method of clause 121, wherein fluorescence is detected outside the
cell.

[00439] Clause 125. The method of clause 119, wherein the reporter moiety comprises a
bioluminescent reporter moiety.

[00440] Clause 126. The method of clause 125, wherein the bioluminescent reporter moiety
comprises a substrate for a luciferase.

[00441] Clause 127. The method of clause 126, wherein the cell comprises a luciferase.

[00442] Clause 128. The method of clause 127, wherein the cell expresses the luciferase.
[00443] Clause 129 The method of clause 127, wherein detecting light emission comprises
detecting the luminescence produced by the luciferase utilizing the released reporter moiety.
[00444] Clause 130. The method of clause 126, further comprising contacting the sample with
a luciferase and wherein detecting light emission comprises detecting the luminescence produced
by the luciferase utilizing the released reporter moiety.

[00445] Clause 131. The method of clause 129 or 130, wherein the light emission is detected
inside or outside the cell.

[00446] Clause 132. A method for evaluating cellular uptake of an agent, the method
comprising:

(a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of clauses 82-96, 110, or 115-117 or ii) a compound of any
one of clauses 82-96, 110, or 115-117, wherein the sample comprises a cell, wherein the cellular
uptake of the agent results in the reduction of the compound and the generation of a released
fluorescent reporter moiety;

(b) exposing the sample to a wavelength of light to generate fluorescence,

(c) detecting fluorescence in the sample, and

(d) comparing the fluorescence or fluorescent wavelength of the sample to the
fluorescence of a control sample, wherein an increase in fluorescence or a change in the
fluorescent wavelength as compared to fluorescence or fluorescent wavelength of the control
sample indicates cellular uptake of the agent.

[00447] Clause 133. The method of clause 132, wherein the fluorescent reporter moiety

comprises a fluorophore.
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[00448] Clause 134. The method of clause 133, wherein the fluorophore is coumarin, R110,
fluoroscein, DDAO, resorufin, cresyl violet, silyl xanthen or carbopyronine.
[00449] Clause 135. The method of clause 132, wherein the fluorescence level is detected
inside the cell.
[00450] Clause 136. The method of clause 132, wherein the fluorescence level is detected in
the sample.
[00451] Clause 137. The method of clause 132, wherein the control sample is sample medium
only with labeled agent, a sample with labeled agent and cells but without experimental
treatment, or a sample not contacted with labeled agent.
[00452] Clause 137. A method for evaluating cellular uptake of an agent, the method
comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of clause 82-96, or ii) a compound of any one of clauses 82-
96, wherein the sample comprises a cell, wherein the cell comprises luciferase, wherein the
cellular uptake of the agent results in the reduction of the compound and the generation of a
released bioluminescent reporter moiety;

b) detecting luminescence in the sample; and

¢) comparing the luminescence of the sample to luminescence of a control sample,
wherein cellular uptake of the agent is indicated if the luminescence of the sample is changed
compared to the luminescence of the control sample.
[00453] Clause 149. The method of clause 138, wherein the luminescence level is produced by
the luciferase utilizing the released bioluminescent reporter moiety.
[00454] Clause 140. The method of clause 139, wherein the bioluminescent reporter moiety
comprises a substrate for a luciferase.
[00455] Clause 141. The method of clause 140, wherein the substrate comprises luciferin, a
luciferin derivative, a coclenterazine or a coclenterazine derivative.
[00456] Clause 142. The method of clause 141, wherein the substrate is furimazine,
coelenterazine H,H, lucifeirn, or pre-luciferin.
[00457] Clause 143. The method of clause 141, wherein the luciferase is a beetle luciferase, a

Renilla luciferase, an Oplophorus luciferase, or a variant thereof.
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[00458] Clause 14482. The method of clause 138, wherein the luminescence is detected
inside the cell or detected outside in the cell medium.
[00459] Clause 145. The method of clause 138, wherein the control sample is a sample that is
not contacted with a labeled agent.
[00460] Clause 146. A method for evaluating cellular uptake of an agent, the method
comprising:
[00461] a) contacting a sample with a labeled agent, wherein the labeled agent comprises
1) an agent and a compound of any one of clauses 82-96 or i1) a compound of any one of clauses
82-96, wherein the sample comprises a cell and cell medium, wherein the cellular uptake of the
agent results in the reduction of the compound and the generation of a released bioluminescent
reporter moiety;

b) contacting the sample with a luciferase;

¢) detecting luminescence in the sample; and

d) comparing the luminescence of the sample to luminescence in a control sample,
wherein cellular uptake of the agent is indicated if the luminescence in the sample is changed
compared to the luminescence of the control sample.
[00462] Clause 147. The method of clause 146, wherein the luminescence level is produced by
the luciferase utilizing the released bioluminescent reporter moiety.
[00463] Clause 148. The method of clause 147, wherein the bioluminescent reporter moiety
comprises a substrate for a luciferase.
[00464] Clause 149. The method of clause 148, wherein the substrate comprises luciferin, a
luciferin derivative, a coclenterazine or a coclenterazine derivative.
[00465] Clause 150. The method of clause 149, wherein the substrate is furimazine,
coelenterazine H,H, luciferin, or pre-luciferin.
[00466] Clause 151. The method of clause 149, wherein the luciferase is a beetle luciferase, a
Renilla luciferase, an Oplophorus luciferase, or a variant thereof.
[00467] Clause 152. The method of clause 146, wherein the luminescence is detected in the cell
or detected in the cell medium.
[00468] Clause 153. The method of clause 146, wherein the control sample is sample medium
with labeled agent but without cells, a sample with labeled agent and cells but without

experimental treatment, or a sample not contacted with labeled agent.
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[00469] Clause 154. The method of any one of clauses 118-153, wherein the agent is a
biological agent.

[00470] Clause 155. The method of clause 154, wherein the biological agent is selected from
the group consisting of a protein, a polypeptide, a oligonucleotide, a protein-oligonucleotide
conjugate, a lipid, a therapeutic drug, small molecule, a fluorescent molecule, and a sugar.
[00471] Clause 156. The method of clause 155, wherein the protein is an antibody or a
lipoprotein.

[00472] Clause 157. The method of any one of clauses 118-153, wherein the agent is a non-
biological agent.

[00473] Clause 158. The method of clause 157, wherein the non-biological agent is a polymer-
linked nanoparticle or a detergent.

[00474] Clause 159. The method of any one of clauses 118-158, wherein the cell is a
cukaryotic cell or a prokaryotic cell.

[00475] Clause 160. The method of clause 159, wherein the cell is in an animal.

[00476] Clause 161. The method of clause 159, wherein the cell is growing in culture medium.
[00477] Clause 162. A labeled agent derived from 1) an agent and a compound according to any
one of clauses 82-96 or ii) a compound according to any one of clauses 82-117.

[00478] Clause 163. The labeled agent of clause 162, wherein the agent is a biological agent.
[00479] Clause 164. The labeled agent of clause 163, wherein the biological agent is selected
from the group consisting of a protein, a polypeptide, a oligonucleotide, a protein-
oligonucleotide conjugate, a lipid, a therapeutic drug, small molecule, a fluorescent molecule,
and a sugar.

[00480] Clause 165. The labeled agent of clause 164, wherein the protein is an antibody or a
lipoprotein.

[00481] Clause 166. The labeled agent of clause 164, wherein the polypeptide is a polypeptide
toxin.

[00482] Clause 167. The labeled agent of clause 164, wherein the fluorescent molecule is FAM
diamine.

[00483] Clause 168. The labeled agent of clause 162, wherein the reporter moiety comprises a

bioluminescent reporter moiety or fluorescent reporter moiety.
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[00484] Clause 169. The labeled agent of any one of clauses 162, wherein the agent is a non-
biological agent.

[00485] Clause 170. The labeled agent of clause 169, wherein the non-biological agent is a
polymer-linked nanoparticle or detergent.

[00486] Clause 171.The labeled agent of clause 170, wherein the nanoparticle is a gold
nanoparticle.

[00487] Clause 172. The labeled agent of clause 168, wherein the bioluminescent reporter
moiety comprises a substrate for a luciferase.

[00488] Clause 173. The labeled agent of clause 172, wherein the substrate comprises luciferin,
a luciferin derivative, a coelenterazine or a coclenterazine derivative.

[00489] Clause 174. The labeled agent of clause 173, wherein the substrate is furimazine,
coelenterazine H,H, luciferin, or pre-luciferin.

[00490] Clause 175.The labeled agent of clause 174, wherein the luciferase is a beetle
luciferase, a Renilla luciferase, an Oplophorus luciferase, or a variant thereof.

[00491] Clause 176.The labeled agent of clause 168, wherein the reporter moiety comprises a
fluorescent reporter moiety.

[00492] Clause 177. The labeled agent of clause 176, wherein the fluorescent reporter moiety
comprises a fluorophore.

[00493] Clause 178. The labeled agent of clause 177, wherein the fluorophore is coumarin, a
rhodamine, R110, fluoroscein, DDAQ, resorufin or cresyl violet.

[00494] Clause 179. A kit comprising a compound according to any one of clauses 82-117, an
agent, or any combination thereof.

[00495] Clause 180. A kit comprising a labeled agent comprising an agent and a compound
according to any one of clauses 82-117.

[00496] Clause 181.The kit of clause 179 or 180, wherein the agent is a biological agent.
[00497] Clause 182. The kit of clause 181, wherein the biological agent is selected from the
group consisting of a protein, a polypeptide, a oligonucleotide, a protein-oligonucleotide
conjugate, a lipid, a therapeutic drug, small molecule, a fluorescent molecule, and a sugar.
[00498] Clause 183. The kit of clause 182, wherein the protein is an antibody or a lipoprotein.
[00499] Clause 184. The kit of clause 179 or 180, wherein the agent is a non-biological agent.
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[00500] Clause 185.The kit of clause 184, wherein the non-biological agent is a polymer-
linked nanoparticle or detergent.

[00501] Clause 186. The kit of clause 185, wherein the nanoparticle is a gold nanoparticle.
[00502] Clause 187.The kit of clause 179 or 180, wherein the compound is a substrate for
luciferase.

[00503] Clause 188. The kit of clause 187, further comprising a detection reagent.

[00504] Clause 189. The kit of clause 188, wherein the detection reagent comprises a luciferase

enzyme.
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CLAIMS

What 1s claimed is:

1. A compound of formula (I), or a salt thereof,

O R10 =g O

RY L A

)

wherein

A 1s a reporter moiety;

R'* is H, alkyl, hydroxyalkyl, alkoxy, carboxyalkyl, or amidoalkyl;

R’ and R'” are independently selected from alkyl;

R“, R'? and R" are independently selected from H, alkyl, alkoxy, bromo, chloro or
amino, or R'" and R'? can form a fused phenyl ring;

X1s O;

L is -(CH,)mC(R'7)(CH,),-Y-C(O)-;

R' is independently H, alkyl or both R'” together can form an alkyl ring having from
3-7 carbons;

m is an integer from 0-2;

n is an integer from 0-2;

YisOor NRIS;

R" is H, alkyl, hydroxyalkyl, azidoalkyl, cyanoalkyl, haloalkyl, alkenyl,
alkynyl, -alkyl-N(R*)C(O)R*', -alkyl-SO:R?, -alkyl-SO,N(R**)(R*"), -alkyl-COR?®, -alkyl-
CO,R?, -alkyl-OC(O)R”, -alkyl-OC(O)N(R**}R*"), -alkyl-amide, or polyalkoxyalkyl, wherein
the polyalkoxyalkyl and -alkyl-amide are unsubstituted or substituted with one or more suitable

substituents; and
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R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from

hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.

2. The compound of claim 1, wherein R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl
is selected from the group consisting of -(C,-Cg-alkoxy)x-alkyl, -(C,-Ce-alkoxy)x-haloalkyl, -(Cs-
Ce-alkoxy)s-hydroxyalkyl, -(C,-Cs-alkoxy)c-aminoalkyl, -(C,-Ce-alkoxy)s-alkylaminoalkyl, -(C,-
Ce-alkoxy)di(alkyl)aminoalkyl, -(C,-Cs-alkoxy)s-azidoalkyl, -(C,-Cs-alkoxy)s-cyanoalkyl, -(C,-
Cs-alkoxy)-alkenyl, -(C,-Ce-alkoxy)y-alkynyl, -(C,-Ce-alkoxy)s-N(R*)YC(O)R™, -(C,-Ce-
alkoxy)x-SO3R?, -(Cy-Cg-alkoxy)s-alkyl-SO,N(R™)R?"), -(C,-Cg-alkoxy)x-alkyl-COR?®, -(C»-
Cs-alkoxy),-alkyl-OC(O)R?, -(C,-Cg-alkoxy),-alkyl-OC(OIN(R*}R™), -(C,-Cs-alkoxy)s-alkyl-
CO,R”, -(C,-Cg-alkoxy)s-alkyl-CON(R**)(R™®) and -(C,-C¢-alkoxy)y-alkyl-(CO)-NR**-
(CR*R),-NR*(CO)-T, wherein

R%, R*, R”, R*, RY, R®, R”, R, and R*' are cach independently selected from
hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl;

X 18 an integer selected from 1 to 20;

R* and R* are each independently selected from hydrogen, alkyl, carboxy, a peptide,
a drug, a biologically active moiety, and a dye;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-

linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

3. The compound of claim 1, wherein R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl
is -(C,-Cs-alkoxy),-alkyl-CON(R**)(R*) or (C,-Cs-alkoxy)s-alkyl-(CO)-NR**-(CR*R),-
NR**(CO)-T;

X 18 an integer selected from 1 to 20;

R*” and R™* are each independently selected from hydrogen, alkyl, carboxy, aryl,
arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocycle, hydroxyalkyl, protein,

polypeptide, polypeptide-based toxin, amino acid, nucleotide, polynucleotide, lipid, sugar,
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carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-linked nanoparticle,
antibody, detergent, and a dye, or a combination thereof;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-

linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

The compound of claim 1, wherein R"

2

R
b
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T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof; and

X 1§ an integer selected from 1 to 20.

5. The compound of claim 1, wherein R" is -alkyl-amide, wherein the -alkyl-amide is -
alkyl-CON(R**)(R™) or -alkyl-(CO)-NR**-(CR*R"),-NR**(CO)-T, wherein

R*” and R™* are each independently selected from hydrogen, alkyl, carboxy, aryl,
arylalkyl, cycloalkylalkyl, heteroaryl, heterocycle, alkene, polyol, alkenylpolylol, a peptide, a
drug, a derivative of a drug, a biologically active moiety, and a dye;

R* and R™ are each independently selected from hydrogen, and alkyl;

R* and R” are each independently selected from hydrogen, alkyl, and carboxy;

pis 0to 6; and

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl,
heterocycle, hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-

linked nanoparticle, antibody, detergent, and a dye, or a combination thereof.

The compound of claim 1, wherein R"
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ZT
ZT
_|

wherein

T is selected from aryl, arylalkyl, cycloalkylalkyl, heteroaryl, heterocycle,
hydroxyalkyl, protein, polypeptide, polypeptide-based toxin, amino acid, nucleotide,
polynucleotide, lipid, sugar, carbohydrate, enzyme substrate, drug, derivative of a drug, polymer-
linked nanoparticle, antibody, detergent, and a dye, or a combination thereof; and

x 15 0 to 20.

7. The compound of claim 1, wherein R" is polyalkoxyalkyl, wherein the polyalkoxyalkyl
is unsubstituted or substituted with 1 to 3 substituents independently selected from the group
consisting of alkyl, alkoxyalkyl, haloalkyl, haloalkoxyalkyl, hydroxyalkyl, aminoalkyl,
alkylaminoalkyl, di(alkyl)aminoalkyl, azidoalkyl, cyanoalkyl, alkoxy, haloalkoxy, alkoxyalkoxy,
alkenyl, alkynyl, -N(R*)C(O)R**, -SO:R”, -SO,N(R*)(R?"), -COR?®, -CO,R”,

and -CON(RSO)(RSI), wherein R*, R*, R, R*, R”, R*®, R?, R™, and R*! are cach
independently selected from hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, and cycloalkyl.

8. The compound of claim 1, wherein R" is

wherein
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R* is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl, wherein said aryl, heteroaryl, heterocyclyl, and
cycloalkyl are unsubstituted or substituted with one or more suitable substituents; and

X 1§ an integer selected from 1 to 20.
9. The compound of claim 8, wherein R*’ is hydrogen.

10.  The compound of claim 8, wherein R* is a 5- or 6-membered heterocyclyl, having 1, 2,

or 3 heteroatoms independently selected from the group consisting of N, O, and S.

11.  The compound of claim 8, wherein R* is
o ]
N
0
12. The compound of claim 8, wherein x is 2, 3, or 4.
13.  The compound of claim 8, having formula (I-vi), or a salt thereof,
OR40
O

R4 o]
R']Z R']3
O
(I-v1).
14. The compound of claim 1, wherein R" is
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O
N
g \/\N
! /
0 or
O
0 N
- \/\N
! /
o) ; and

each x is independently 0 to 20.

15.  The compound of claim 1, selected from the group consisting of:

OH

PBI 5463 . PBI 5470
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HOOC

PBI 5832

and

or a salt thereof.

The compound of any one of claims 2-6, wherein T is a protein, a polypeptide, a

oligonucleotide, a protein-oligonucleotide conjugate, a lipid, a therapeutic drug, a small

molecule, a fluorescent molecule, a polymer-linked nanoparticle, a detergent, or a sugar.

17.

18.

19.

20.

21.

The compound of claim 16, wherein T is a protein.

The compound of claim 17, wherein the protein is an antibody.

The compound of claim 16, wherein T is a polypeptide.

The compound of claim 19, wherein the polypeptide is a polypeptide toxin.

The compound of claim 16, wherein T is a therapeutic drug.
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22. The compound of claim 21, wherein the compound is PBI-5651, PBI-5658, PBI-5666,
PBI-5648, PBI-5655, PBI-5662, PBI-5657, PBI-5665, PBI-5667, PBI-5650, PBI-5654, PBI-
5661, PBI-5827, PBI-5828, PBI-5829, PBI-5647, PBI-5668, PBI-5659, PBI-5663, PBI-5652,
PBI-5669, PBI-5625, PBI-5649, PBI-5653, PBI-5656, PBI-5660, PBI-5664, PBI-5830, PBI-

5831 or
@]
6)
O
N 0 N N. LCOOH
LT
g
Q HO
2 0
O
:(_/ O OH
s OH
HO
23.  The compound of claim 16, wherein T is a fluorescent molecule.
24. The compound of claim 23, wherein the fluorescent molecule is FAM diamine.

25. The compound of claim 24, wherein the compound is PBI-5683, PBI-5826, PBI-5682,
PBI-5684, PBI-5824, or PBI-5825.

26.  The compound of claim 16, wherein T is a polymer-linked nanoparticle or a detergent.
27.  The compound of claim 26, wherein the nanoparticle is a gold nanoparticle.

28. The compound of claim 27, wherein the compound is PBI-5907, PBI-5908, PBI-5909,
PBI-5910, PBI-5911, or PBI-5912.

29.  The compound of claim 1, wherein the reporter moiety comprises a bioluminescent

reporter moiety or fluorescent reporter moiety.

219



WO 2015/116867 PCT/US2015/013617

30.  The compound of claim 29, wherein the bioluminescent reporter moiety comprises a

substrate for a luciferase.

31. The compound of claim 30, wherein the substrate comprises luciferin, a luciferin
derivative or analog, a preluciferin or a preluciferin analog, a coelenterazine or a coelenterazine

derivative or analog.

32. The compound of claim 30, wherein the substrate is furimazine, coelenterazine H,H, or
luciferin.
33.  The compound of claim 30, wherein the luciferase is a beetle luciferase, a Renilla

luciferase, an Oplophorus luciferase, or a variant thereof.

34.  The compound of claim 29, wherein the reporter moiety comprises a fluorescent reporter

moiety.

35.  The compound of claim 34, wherein the fluorescent reporter moiety comprises a

fluorophore.

36. The compound of claim 35, wherein the fluorophore is coumarin, R110, fluoroscein,

DDAQO, resorufin, cresyl violet, silyl xanthene or carbopyronine.

37. A method for evaluating cellular uptake of an agent, the method comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of claims 1 to 36 or ii) a compound of any one of claims 1-36,
wherein the sample comprises a cell; and

b) detecting light emission,

whereby the detection of light emission indicates cellular uptake of the agent.

38.  The method of claim 37, wherein the cellular uptake of the agent results in the reduction

of the compound and the generation of a released reporter moiety.

39.  The method of claim 38, wherein the reporter moiety comprises a fluorescent reporter
moiety.
40.  The method of claim 39, wherein detecting light emission comprises exposing the sample

to a wavelength of light and detecting fluorescence level in the sample, wherein an increase in
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fluorescence or a change in fluorescence wavelength as compared to the fluorescence or

fluorescence wavelength of a control sample indicates cellular uptake of the agent.

41.  The method of claim 40, wherein the control sample is a sample that is not contacted with

a labeled agent.

42. The method of claim 40, wherein fluorescence is detected inside the cell.

43, The method of claim 40, wherein fluorescence is detected outside the cell.

44.  The method of claim 38, wherein the reporter moiety comprises a bioluminescent
reporter moiety.

45.  The method of claim 44, wherein the bioluminescent reporter moiety comprises a

substrate for a luciferase.

46.  The method of claim 45, wherein the cell comprises a luciferase.
47.  The method of claim 46, wherein the cell expresses the luciferase.
48.  The method of claim 46, wherein detecting light emission comprises detecting the

luminescence produced by the luciferase utilizing the released reporter moiety.

49.  The method of claim 45, further comprising contacting the sample with a luciferase and
wherein detecting light emission comprises detecting the luminescence produced by the

luciferase utilizing the released reporter moiety.

50.  The method of claim 48 or 49, wherein the light emission is detected inside or outside the
cell.
51. A method for evaluating cellular uptake of an agent, the method comprising:

(a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of claims 1-15, 29, or 34-36 or ii) a compound of any one of
claims 1-15, 29, or 34-36, wherein the sample comprises a cell, wherein the cellular uptake of the
agent results in the reduction of the compound and the generation of a released fluorescent
reporter moiety;

(b) exposing the sample to a wavelength of light to generate fluorescence,

(c) detecting fluorescence in the sample, and
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(d) comparing the fluorescence or fluorescent wavelength of the sample to the
fluorescence of a control sample, wherein an increase in fluorescence or a change in the
fluorescent wavelength as compared to fluorescence or fluorescent wavelength of the control

sample indicates cellular uptake of the agent.

52. The method of claim 51, wherein the fluorescent reporter moiety comprises a
fluorophore.
53. The method of claim 52, wherein the fluorophore is coumarin, R110, fluoroscein,

DDAQO, resorufin, cresyl violet, silyl xanthen or carbopyronine.

54. The method of claim 51, wherein the fluorescence level is detected inside the cell.
55.  The method of claim 51, wherein the fluorescence level is detected in the sample.
56.  The method of claim 51, wherein the control sample is sample medium only with labeled

agent, a sample with labeled agent and cells but without experimental treatment, or a sample not

contacted with labeled agent.

57. A method for evaluating cellular uptake of an agent, the method comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of claims 1-15, or i1) a compound of any one of claims 1-15,
wherein the sample comprises a cell, wherein the cell comprises luciferase, wherein the cellular
uptake of the agent results in the reduction of the compound and the generation of a released
bioluminescent reporter moiety;

b) detecting luminescence in the sample; and

¢) comparing the luminescence of the sample to luminescence of a control sample,
wherein cellular uptake of the agent is indicated if the luminescence of the sample is changed

compared to the luminescence of the control sample.

58.  The method of claim 57, wherein the luminescence level is produced by the luciferase

utilizing the released bioluminescent reporter moiety.

59.  The method of claim 58, wherein the bioluminescent reporter moiety comprises a

substrate for a luciferase.

60. The method of claim 59, wherein the substrate comprises luciferin, a luciferin derivative,

a coelenterazine or a coelenterazine derivative.
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61. The method of claim 60, wherein the substrate is furimazine, coclenterazine H,H,

lucifeirn, or pre-luciferin.

62. The method of claim 60, wherein the luciferase is a beetle luciferase, a Renilla luciferase,

an Oplophorus luciferase, or a variant thereof.

63. The method of claim 57, wherein the luminescence is detected inside the cell or detected

outside in the cell medium.

64.  The method of claim 57, wherein the control sample is a sample that is not contacted with

a labeled agent.

65. A method for evaluating cellular uptake of an agent, the method comprising:

a) contacting a sample with a labeled agent, wherein the labeled agent comprises 1) an
agent and a compound of any one of claims 1-15 or ii) a compound of any one of claims 1-15,
wherein the sample comprises a cell and cell medium, wherein the cellular uptake of the agent
results in the reduction of the compound and the generation of a released bioluminescent reporter
moiety;

b) contacting the sample with a luciferase;

¢) detecting luminescence in the sample; and

d) comparing the luminescence of the sample to luminescence in a control sample,
wherein cellular uptake of the agent is indicated if the luminescence in the sample is changed

compared to the luminescence of the control sample.

66.  The method of claim 65, wherein the luminescence level is produced by the luciferase

utilizing the released bioluminescent reporter moiety.

67.  The method of claim 66, wherein the bioluminescent reporter moiety comprises a

substrate for a luciferase.

68. The method of claim 67, wherein the substrate comprises luciferin, a luciferin derivative,

a coelenterazine or a coelenterazine derivative.

69. The method of claim 68, wherein the substrate is furimazine, coclenterazine H,H,

luciferin, or pre-luciferin.

70. The method of claim 68, wherein the luciferase is a beetle luciferase, a Renilla luciferase,

an Oplophorus luciferase, or a variant thereof.
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71. The method of claim 65, wherein the luminescence is detected in the cell or detected in

the cell medium.

72.  The method of claim 65, wherein the control sample is sample medium with labeled
agent but without cells, a sample with labeled agent and cells but without experimental

treatment, or a sample not contacted with labeled agent.
73.  The method of any one of claims 37-72, wherein the agent is a biological agent.

74.  The method of claim 73, wherein the biological agent is selected from the group
consisting of a protein, a polypeptide, a oligonucleotide, a protein-oligonucleotide conjugate, a

lipid, a therapeutic drug, small molecule, a fluorescent molecule, a nanoparticle, and a sugar.
75.  The method of claim 74, wherein the protein is an antibody or a lipoprotein.
76.  The method of any one of claims 37-72, wherein the agent is a non-biological agent.

77.  The method of claim 76, wherein the non-biological agent is a polymer-linked

nanoparticle or a detergent.

78.  The method of any one of claims 37-77, wherein the cell is a eukaryotic cell or a

prokaryotic cell.

79. The method of claim 78, wherein the cell is in an animal.
80.  The method of claim 78, wherein the cell is growing in culture medium.
81. A labeled agent derived from 1) an agent and a compound according to any one of claims

1-15 or ii) a compound according to any one of claims 1-36.
82.  The labeled agent of claim 81, wherein the agent is a biological agent.

83.  The labeled agent of claim 82, wherein the biological agent is selected from the group
consisting of a protein, a polypeptide, a oligonucleotide, a protein-oligonucleotide conjugate, a

lipid, a therapeutic drug, small molecule, a fluorescent molecule, a nanoparticle, and a sugar.
84.  The labeled agent of claim 83, wherein the protein is an antibody or a lipoprotein.
85.  The labeled agent of claim 83, wherein the polypeptide is a polypeptide toxin.

86.  The labeled agent of claim 83, wherein the fluorescent molecule is FAM diamine.
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87.  The labeled agent of claim 81, wherein the reporter moiety comprises a bioluminescent

reporter moiety or fluorescent reporter moiety.
88.  The labeled agent of any one of claims 81, wherein the agent is a non-biological agent.

89.  The labeled agent of claim 88, wherein the non-biological agent is a polymer-linked

nanoparticle or a detergent.
90.  The labeled agent of claim 89, wherein the nanoparticle is a gold nanoparticle.

91.  The labeled agent of claim 87, wherein the bioluminescent reporter moiety comprises a

substrate for a luciferase.

92. The labeled agent of claim 91, wherein the substrate comprises luciferin, a luciferin

derivative, a coclenterazine or a coclenterazine derivative.

93. The labeled agent of claim 92, wherein the substrate is furimazine, coelenterazine H,H,

luciferin, or pre-luciferin.

94, The labeled agent of claim 93, wherein the luciferase is a beetle luciferase, a Renilla

luciferase, an Oplophorus luciferase, or a variant thereof.

95.  The labeled agent of claim 87, wherein the reporter moiety comprises a fluorescent

reporter moiety.

96.  The labeled agent of claim 95, wherein the fluorescent reporter moiety comprises a

fluorophore.

97. The labeled agent of claim 96, wherein the fluorophore is coumarin, a rhodamine, R110,

fluoroscein, DDAQ, resorufin or cresyl violet.

98. A kit comprising a compound according to any one of claims 1 to 36, an agent, or any
combination thereof.
99. A kit comprising a labeled agent comprising an agent and a compound according to any

one of claims 1 to 36.

100.  The kit of claim 98 or 99, wherein the agent is a biological agent.

225



WO 2015/116867 PCT/US2015/013617

101.  The kit of claim 100, wherein the biological agent is selected from the group consisting
of a protein, a polypeptide, a oligonucleotide, a protein-oligonucleotide conjugate, a lipid, a

therapeutic drug, small molecule, a fluorescent molecule, a nanoparticle, and a sugar.
102.  The kit of claim 101, wherein the protein is an antibody or a lipoprotein.
103.  The kit of claim 98 or 99, wherein the agent is a non-biological agent.

104.  The kit of claim 103, wherein the non-biological agent is a polymer-linked nanoparticle

or a detergent.

105.  The kit of claim 104, wherein the nanoparticle is a gold nanoparticle.

106.  The kit of claim 98 or 99, wherein the compound is a substrate for luciferase.
107.  The kit of claim 106, further comprising a detection reagent.

108. The kit of claim 107, wherein the detection reagent comprises a luciferase enzyme.

226



1111111111111

N T
N H
N H
N H
N H
N H
N H
N H
N H
N H
N H
N H
N H
N H
y H
N H
y H
\ 3
3

3

N H
......
......
......
......
......
......
......
......
......
......
......
......
......
......
......
......
H ‘ | |

QQQQQQQQQ
QQQQQQQQ
QQQQQQQQ

\\\\\\\\

mmmmmmmm
mmmmmmm

(N1Y) @2usdsauwN



1111111111111

\ T
\ H
‘‘‘‘‘‘

T ‘ | |
H : | |
N ; . |
N ‘ . ‘ : :
\ H

‘‘‘‘‘‘
‘‘‘‘‘‘
N ‘ : : \ ‘
N ‘ \ ‘
\ H
\ H
\ H
: H
N H H H \ u
N ‘ : | : :
‘‘‘‘‘‘

H : | ‘
H : | |
H : | |
H : | |
H : | |

H : | |

: H H ‘ | : : :

H \ ‘
........
........
........
........
........
........
........
........
........
........
........
........
........
........
........
H H { ‘ : | \ ‘
i H : : | | } ‘

.......

oooooooooo
ooooooooo
Q Q 2 e 3 g : : q
wwwww
HHHHH

(NTy) 22usdsauin



1111111111111

o
o

(N1y) @d2u3dsauiwng



1111111111111

N N
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
: | i } i

(=] (=] (=] o o o o o
[=] [=] o =) S 8 S
o o o o S S S

~~~~~~~

mmmmmmm
mmmmmm

(N1y) @duadsauiwn



1111111111111

H T
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
3 H

\ N Y ]
{ v ! \
{ i : i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
{ i i i
by i H i

OOOOOOOOO
OOOOOOOO
OOOOOOOO

~~~~~~~~

NNNNNNNN
i i - S

(n1Y) @duUddsauIwNng



1111111111111

1
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
}

N
}
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
¥

OOOOOOOO
OOOOOOO
OOOOOOO

~~~~~~~

mmmmmmm
MMMMMM

(N7Y) @2uddsaunng



1111111111111

N Y \ |
N H \ ‘
N R \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |
N H \ |

H \ ‘
3 i \ |

QQQQQQQQQ
QQQQQQQQ
QQQQQQQQ

~~~~~~~~

QQQQQQQQ
QQQQQQQQ
L S S g

(N1y) @2uddsauiwng



1111111111111

3 X ‘ \
H > ‘ \
H : ‘ \
H : ‘ |
H i ‘ |
H i ‘ |
H i ‘ |
H i ‘ |

{
{
{
{
{
3

\
{
{
{
{
{

o o o - > : !
o g g < . .
(=] 8 g g . .
\\\\\\
o S S g = :
o Q = 2 : :

(3] n g 2 S

(N7y) 32u2s3UIWINT



1111111111111

\\\\
\\\\

\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
\\\\
A i : | |

\\\\

OOOOOOOOOOO
OOOOOOOOOO
OOOOOOOOOO

----------

OOOOOOOOOO
mmmmmmmm

(N7y) du3dsauINT



1111111111111

(1Y) @vuR0saUILINT



1111111111111

H \ | \
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
H | | : l

ooooooo
oooooo
oooooo

\\\\\\

oooooo
NNNN
) -

(N1y) @duadsauiwng



1111111111111

B
N\

P

- \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\&

vvvvvvvv

™ fad) ta =N o« -4




PCT/US2015/013617

WO 2015/116867

13/17

|OJIUOD ||9I-OU iy

S|[9D |0JIUOD ==

£9Td1IVO~ %
BT, TATdLYO s

08

oL

€1 "OId

() 1595 19d

09 0s ov 0€ (014 ot 0

\\\\\\\\\‘

7

-

3

A\

/

=

/ -
\\N\\\\\\\N\\\\\\\\\\\\\\\\\\Q\\\ » \\\\\
i

2 7.

> i %,
\\\\\\\\ ~ s,
T “,
& e,
Y
4

000’0t

- 000°0C

000°0€

000‘0r

- 000°0S

00009

000°0L

- 000°08

(N74) @2usdsauiwng



WO 2015/116867 PCT/US2015/013617

14/17

FIG. 14

~ SN
o
Vali itrull links
“I( A
H H
I

I:KOHOI o )
o
o:<I



PCT/US2015/013617

WO 2015/116867

15/17

S1°OId
200 faugs
ul pognsdeous Ut paEnsdecs
Brug ey

O

O. N
Bales's
(o]

sjuejoeLns g

sapl1adA|B1J] Jo sploials
‘spioe Ajje} pajaqe|-uou y3im paxip ‘|

soplIaak|BL} 10 ‘sploa)s ‘sploe Apey =y

!

O N
ST
[¢]

LR
WS




PCT/US2015/013617

WO 2015/116867

16/17

IoooL/\ IH@\ /:\

J;SN oy

O

;;iN y

91 "OId

— |ege] auouind



PCT/US2015/013617

WO 2015/116867

17117

HOOD \le H@\ 4_\

pe

\/\o/\/o

: zolAH@\ /=\

e
!
{

— leqe| suouind

L1°OI4
{Pqep-suotinD-HYN-.£-00-1L0D-200-L30-¥VDI-DIL-VVD.§ 0T
sqerauoung -HN. ¢~ 30 LOD-OVILYD
“YYI-OVL-¥22:5-S-$-(HOOD DD DI DIITHN YMNEWSTUGT 3B ]
jegej-suouiny-HN.£~D3-L3D-09D3-1L30
“¥DO0D21-VID5-8-8-(HOO DO IOMDINUTHN Q1B L
pqeleuounD <HN-£-20-LOD-0¥ I LY¥YD-¥V2
“IVI-VIDSSSHOOI IOOMAM WA INOAMINIOWCEN YARTISTII JIy
2gei-puouinD =HN.-£-D0-L00-0D0-LIVOI-DOL .
“V02:58-SHOO0D)D DO AN M MNHINOIMIIOUTHN oeny
sauanbag aaeN]




INTERNATIONAL SEARCH REPORT

International application No

ADD.

PCT/US2015/013617
A. CLASSIFICATION OF SUBJECT MATTER
INV. CO7D417/12 ~ CO7D487/04  CO7D417/04  CO7DAL7/14  C07J9/00
£07J19/00 C07D493/10  C12Q1/66 GO1N33/58

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Co7D CO079 C12Q GOIN

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, CHEM ABS Data, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X,P ROUBINET BENOIT ET AL:
the water-solubilization of

scaffolds",
DYES AND PIGMENTS,

270-284, XP029039923,

ISSN: 0143-7208, DOI:
10.1016/J.DYEPIG.2014.02.004
abstract

page 270

page 280; example 23

"New insights into
thiol-sensitive fluorogenic probes based
on long-wavelength 7-hydroxycoumarin

vol. 110, 12 February 2014 (2014-02-12), -
12 February 2014 (2014-02-12), pages

1-108

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 March 2015

Date of mailing of the international search report

24/03/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Stix-Malaun, Elke

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/013617

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

ET AL) 25 February 2010 (2010-02-25)
page 2; example

claims

figure 3

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 20137033515 Al (PROMEGA CORP [US]; 1-108
BENINK HELENE [US]; CALI JAMES J [US];
DUELLMAN SAR) 7 March 2013 (2013-03-07)
page 1
examples
claims
figures
X US 2012/107849 Al (KLAUBERT DIETER H [US] 1-108
ET AL) 3 May 2012 (2012-05-03)
page 11 - page 12; examples 4-6
claims 12,41-43
X US 2010/047839 Al (HUANG SHENG-TUNG [TW] 1-108

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/013617
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2013033515 Al 07-03-2013  EP 2751089 Al 09-07-2014
JP 2014526443 A 06-10-2014
US 2013130289 Al 23-05-2013
US 2014093894 Al 03-04-2014
WO 2013033515 Al 07-03-2013
US 2012107849 Al 03-05-2012 AU 2011323455 Al 30-05-2013
CA 2815381 Al 10-05-2012
CN 103180324 A 26-06-2013
EP 2635583 Al 11-09-2013
JP 2013544242 A 12-12-2013
KR 20140003430 A 09-01-2014
SG 189494 Al 31-05-2013
US 2012107849 Al 03-05-2012
WO 2012061477 Al 10-05-2012
US 2010047839 Al 25-02-2010 TW 201009336 A 01-03-2010
US 2010047839 Al 25-02-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - description
	Page 176 - description
	Page 177 - description
	Page 178 - description
	Page 179 - description
	Page 180 - description
	Page 181 - description
	Page 182 - description
	Page 183 - description
	Page 184 - description
	Page 185 - description
	Page 186 - description
	Page 187 - description
	Page 188 - description
	Page 189 - description
	Page 190 - description
	Page 191 - description
	Page 192 - description
	Page 193 - description
	Page 194 - description
	Page 195 - description
	Page 196 - claims
	Page 197 - claims
	Page 198 - claims
	Page 199 - claims
	Page 200 - claims
	Page 201 - claims
	Page 202 - claims
	Page 203 - claims
	Page 204 - claims
	Page 205 - claims
	Page 206 - claims
	Page 207 - claims
	Page 208 - claims
	Page 209 - claims
	Page 210 - claims
	Page 211 - claims
	Page 212 - claims
	Page 213 - claims
	Page 214 - claims
	Page 215 - claims
	Page 216 - claims
	Page 217 - claims
	Page 218 - claims
	Page 219 - claims
	Page 220 - claims
	Page 221 - claims
	Page 222 - claims
	Page 223 - claims
	Page 224 - claims
	Page 225 - claims
	Page 226 - claims
	Page 227 - claims
	Page 228 - claims
	Page 229 - drawings
	Page 230 - drawings
	Page 231 - drawings
	Page 232 - drawings
	Page 233 - drawings
	Page 234 - drawings
	Page 235 - drawings
	Page 236 - drawings
	Page 237 - drawings
	Page 238 - drawings
	Page 239 - drawings
	Page 240 - drawings
	Page 241 - drawings
	Page 242 - drawings
	Page 243 - drawings
	Page 244 - drawings
	Page 245 - drawings
	Page 246 - wo-search-report
	Page 247 - wo-search-report
	Page 248 - wo-search-report

