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Design and Efficient Synthesis of Lipid-Fluorescein
Conjugates for CAR-T Cell Therapy

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of priority to U.S. Provisional Patent Application

No. 62/870,926, filed July 5, 2019, which is hereby incorporated by reference in its entirety

TECHNICAL FIELD
This disclosure relates to lipid-fluorescein conjugates, compositions coraprising same,
and methods of synthesis and use, such as in the treatment of cancer, e.g., CAR-T cell

therapy.

BACKGROUND

Glioma is one of the most common cancers in children. Because of its heterogeneity,
glioma doesn’t present a single prominent antigen. Therefore, a chimeric antigen receptor
(CAR) T cell therapy against pediatric glioma would require the identification and targeting
of a pan-cancer antigen. Recently, a universal anti-FITC (fluorescein isothiocyanate) CAR-T
cell was reported, wherein administration of a bispecific adapter molecule that has
fhiorescein linked to a tumor-specific ligand promotes bridging of the CAR-T cell witha
tumor cell, and subsequent CAR-T-cell activation kills the cancer cell. Certain synthetic
phospholipid ethers (PLEs) that target spectfically cancer cell membrane have been reported.
Because they target the cancer cell membrane, itself, they have the potential to become a pan-
cancer targeting ligand. These PLEs are known to be rapidly catabolized by normal cells but
to persist on tumor cell membranes for a long duration. Further, these PLEs require lengthy
syunthesis (12-17 steps).

Bispecific adaptor molecules containing PLEs conjugated to fluorescein
isothiocyanate {called FL-PLE) were used in combination with anti-FITC CAR-T cells to
achieve therapy against ghioma (Fig. 1}. Polyethylene glycol (PEG3) linker was used to
connect the FITC and lipid components. FL-PLE was produced in a 12-step synthesis. To
increase the specificity for cancer, an extra level of specificity was introduced in the form of
a protecting group on the —~OH on the aromatic ring of fluorescein that is selectively cleaved
by reactive oxygen species found in cancer, called Pro-FL-PLE (Fig. 2). The Pro-FL-PLE-
based imaging agent shows a tumor-to-background ratio of about 1.5 in glioma, suggesting
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that this protected version can show specificity to cancer tissue when targeted with CAR-T
cell therapeutics. The synthesis of Pro-FL-PLE was accomplished in 17 steps.
There remains a need to develop PLE specific to cancer cell membrane with more
efficient synthesis. It is an object of the present disclosure to provide such a therapeutic
5  agent. This and other objects and advantages will be apparent from the description provided

herein.

SUMMARY

Provided is a compound of Formula (1) or (I}

10 (1) (IhH)
wherein:

R’ is independently H, or a protecting group that is deprotected in tumor extracellular

matrix;

Y is absent, -N(H)C(SINCH)-, -N(H)C(OIN(H)-, -NDHCO)-, -N(HIC(S)-, -C(O)-
15 N(H)-, -CSNH)-, -COYO-, -N(H)-, -S(OINH)-, -S{ORNH)-, -S(O)s-, -P(OpNH)-, or

-P(O)3-;
L. 1s a linker; and
Lipid is a cancer-cell targeting lipid; and
at least one R'is a protecting group,
20 or a pharmaceutically acceptable salt thereof.

Further provided is a pharmaceutical composition comprising a compound of Formula

(D) or (I} and a pharmaceuatically acceptable carrier.
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Still further provided is a method of treating cancer comprising administering a
compound of Formula (1) or (11} to a subject sutfering from cancer.
The disclosure also relates to a method of making a lipid-FITC comprising:
reacting a lipid with fluorescein isothiocyanate and a base in a solvent.
5 The disclosure also relates to a method of making a masked lipid-FITC comprising:

reacting 2 lipid-FITC with a protecting group and a base in a solvent,

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is the structure of fluorescein-lipid conjugate (FL-PLE).
Figure 2 is the structure of Pro-fluorescein-lipid conjugate (Pro-FL-PLE).
10 Figure 3 is the structure of Purdue fluorescein-lipid conjugate (Purdue FL-PLE).
Figure 4 is the structure of Purdue Pro-fluorescein-lipid conjugate (Purdue Pro-FL-
PLE).
Figure 5 is a synthetic scheme of Purdue {luorescein-lipid conjugate (Purdue FL-PLE
Pro-FL-PLE).
15 Figuve 6 is a synthetic scheme of FITC-PLE protected with a reactive oxygen species
(ROS)-cleavable group.

Figure 7 is a synthetic scheme of FITC-PLE with dual protecting groups {dual gate

approach or logic gate approach).

20 DETAILED DESCRIPTION
The disclosure provides lipid-fluorescein conjugates, compositions comprising same,
and methods of synthesis and use, such as in the treatment of cancer, e.g., CAR-T cell

therapy.
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Definitions

For convenience, before further description of the present disclosure, some terms
employed in the specification, examples and appended claims are collected here. These
definitions should be read in light of the remainder of the disclosure and understood as by a
person of skill in the art. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by a person of ordinary skill in the
art.

In order for the present disclosure to be more readily understood, some terms and
phrases are defined below and throughout the specification.

The articles “a” and “an” are used herein to refer to one or to more than one (i.¢., to at
least one)} of the grammatical object of the article. By way of example, “an element” means
one element or more than one element.

The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both™ of the elements so conjoined, ie., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more” of
the elements so conjoined. Cther elements may optionally be present other than the elements
specifically identified by the “and/or” clause, whether related or unrelated to those elements
specifically identified. Thus, as a nou-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as “comprising” can refer to A only
{optionally including elements other than B); or to B only {(optionally including elements
other than A); or yet, to both A and B (optionally including other elements); ete.

As used herein in the specification and in the claims, “or” should be understood to
have the same meaning as “and/or” as defined above. For example, when separating items in
a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or list of elements, and, optionally,
additional unlisted items. Only terms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used in the clairas, “consisting of,” will refer to the inclusion of
exactly one element of a number or list of elements. In general, the term “or” as used herein
shall only be interpreted as indicating exclusive alternatives (i.e., “one or the other but not
both”) when preceded by terms of exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of.” “Consisting essentially of,” when used in the claims, shall have its ordinary

meaning as used in the field of patent law.
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As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from any one or more of the elements in the st of elements, but not necessarily
including at least one of each and every element specifically listed within the kst of elements
and not excluding any combinations of elements in the list of elements. This definition also
allows that elements may optionally be present other than the elements specifically identified
within the list of elements to which the phrase “at least one” refers, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, “at least
one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently “at least one of A
and/or B”) can refer, to at least one, optionally inclading more than one, A, with no B present
{and optionally including elements other than B); or to at least one, optionally including more
than one, B, with no A present (and optionally including elements other than A); or yet, to at
least one, optionally including more than one, A, and at least one, optionally including more
than one, B {(and optionally including other elements); gtc.

It should also be understood that, anless clearty indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which the steps or acts of the method
are recited.

In the claims, as well as in the specification above, all transitional phrases such as

9 el

“comprising,” “including,

29 s

“carrying,” “having,” “containing,” “involving,” “holding,”
“compuosed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to.

Various compounds contained in compositions of the present disclosure may exist in
particular geometric or stereoisomeric forms. In addition, polymers of the present disclosure
may also be optically active. The present disclosure contemplates all such compounds,
including cis- and trans-isomers, 8- and S-enantiomers, diastereomers, (D}-isomers, (L.)-
isomers, the racemic mixtures thereof, and other mixtures thereof, as falling within the scope
of the disclosure. Additional asymmetric carbon atoms maay be present in a substituent such
as an alkyl group. All such isomers, as well as mixtures thereof, are intended to be incladed
in this disclosure.

If, for instance, a particular enantiomer of compound of the present disclosure is
desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral auxiliary,
where the resulting diastereomeric mixture is separated and the auxiliary group cleaved to
provide the pure desired enantiomers. Alternatively, where the molecule contains a basic
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functional group, sach as amino, or an acidic functional group, such as carboxyl,
diastereomeric salts are formed with an appropriate optically-active acid or base, followed by
resolution of the diastereomers thus formed by fractional crystallization or chromatographic
means well known in the art, and subsequent recovery of the pure enantiomers.

Structures depicted herein are also meant to include compounds that differ only in the
presence of one or more isotopically enriched atoms. For example, compounds produced by
the replacernent of a hydrogen with deuterium or tritium, or of a carbon with a *C- or *C-
enriched carbon are within the scope of this disclosure.

The term “prodrug” as used herein encompasses compounds that, under physiological
conditions, are converted into therapeutically active agents. A common method for making a
prodrag is to include selected moieties that are hydrolyzed under physiological conditions to
reveal the desired molecule. In other embodiments, the prodrug is converled by an enzymatic
activity of the host animal.

The phrase “pharmaceutically acceptable excipient” or “pharmaceutically acceptable
carrier” as used herein means a pharmaceutically acceptable material, composition or vehicle,
such as a liquid or solid filler, dibuent, excipient, solvent or encapsulating material, involved
in carrying or transporting the subject chemical from one organ or portion of the body, to
another organ or portion of the body. Each carrier must be “acceptable” in the sense of being
compatible with the other ingredients of the formalation, not injurtous to the patient, and
substantially non-pyrogenic. Some exaraples of materials which can serve as
pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose, and
sacrose; {2} starches, such as corn starch and potato starch; (3) cellulose, and its derivatives,
sach as sodiom carboxymethyl cellulose, ethyl cellutose, and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) tale; (8) excipients, such as cocoa butter and suppository
waxes; (9} oils, such as peamt oil, cottonseed oil, safflower o1}, sesame oil, olive oil, corn oil,
and soybean oil; (18) glycols, such as propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol, and polyethylene glycol; (12) esters, such as ethyl oleate and ethy! laurate;
(13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide;
(15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer’s solution; (19)
ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical formulations. In various embodiments,
pharmaceutical compositions of the present disclosure are non-pyrogenic, i.e., do not induce

significant temperature elevations when administered to a patient.
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The term “pharmaceutically acceptable salts” refers to the relatively non-toxic,
inorganic and organic acid addition salts of the compound(s). These salts can be prepared in
situ during the final isolation and purification of the compound(s), or by separately reacting a
purified compound(s) in its free base form with a suitable organic or inorganic acid, and
isolating the salt thus formed. Representative salts include the hydrobromide, hydrochloride,
sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmitate, stearate, laurate,
benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate,
naphthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts, and the hike.
{See, for example, Berge et al. (1977) “Pharmaceutical Salis”, J. Pharm. Sci. 66:1-19.)

In other cases, the compounds useful in the methods of the present disclosure may
contain one or more acidic functional groups and, thus, can form pharmaceutically acceptable
salts with pharmaceutically acceptable bases. The term “pharmaceutically acceptable salts”™ in
these instances refers to the relatively non-toxic inorganic and organic base addition salts of a
compound(s). These salts can likewise be prepared in situ during the final isolation and
purification of the compound(s), or by separately reacting the purified compound(s) in its free
acid form with a suitable base, such as the hydroxide, carbonate, or bicarbonate of a
pharmaceutically acceptable metal cation, with amimonia, or with a pharmaceutically
acceptable organic primary, secondary, or tertiary amine. Representative alkali or alkaline
earth salts include the hithium, sodivim, potassium, calcium, maguesium, and alumimum salts,
and the like. Representative organic amines useful for the formation of base addition salts
include ethylamine, diethylamine, ethylenediamine, ethanolamine, diethanolamine,
piperazine, and the like (see, for example, Berge et al., supra).

A “therapeatically effective amount” {or “effective amount™) of a compound with
respect {0 use in treatment, refers to an amount of the compound in a preparation which,
when administered as part of a desired dosage regimen (to a mammal, such as a human)
alleviates a symptom, ameliorates a condition, or slows the onset of disease conditions
according to clinically acceptable standards for the disorder or condition to be treated or the
cosmetic purpose, €.g., at a reasonable benefit/risk ratio applicable to any medical treatment.

The term “prophylactic or therapeutic” treatment 8 art-recognized and includes
administration to the patient of one or more compound of the disclosure. If it is administered
prior to clinical manifestation of the unwanted condition (e.g., disease or other unwanted state
of the host animal), then the treatment is prophylactic (i.e., it protects the host against

developing the unwanted condition), whereas if it is administered after manifestation of the
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unwanted condition, the treatment is therapeutic (i.e., it is intended to diminish, ameliorate, or
stabilize the existing unwanted condition or side effects thereof).

The term “patient” or “subject” refers to a mammal suffering of a disease, disorder, or
condition. In various embodiments, a patient or subject is a primate, canine, feline, or equine.
In various embodiments, a patient or subject is a bird. In various erobodiments, the birdis a
domesticated bird, such as chicken. In various embodiments, the bird is a fowl. In various
embodiments, a patient or subject is a2 human. A child patient or subject refers to a human of
18 years of age or less.

For purposes of this disclosure, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,

7th Bd., 1986-87, inside cover.

wherein:

R is independently H, or a protecting group that is deprotected in tumor extracellular

matrix;

Y is absent, -N(HYC(SIN(H)-, -NEHHC(OINH)-, -NEHCWO)-, -NH)CS)-, -C(O)-
N(H)-, -C(S)N(H)-, -C(0)O-, -N(H)-, -S(O)N(H)-, -S(O)N(H)-, -S(O)s-, -P(O)N(H)-, or -
P(O)s-;

L. 1s a linker; and
Lipid is a cancer-cell targeting lipid; and

at least one R'is a protecting group,
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or a pharmaceutically acceptable salt thereof.

R' can be H. R! can be a protecting group that is deprotected in tumor extraceliular
matrix. Both R’ can independently be a protecting group. Each R' can be different. Both R!

can be the same.

The protecting group can be a reactive oxygen species (ROS)-cleavable group. The

w1

protecting group can be an acid-cleavable group. The protecting group can be reductively
cleaved. The protecting group can be an enzyme-cleavable group. The protecting group can

be cleavable at low pH. The protecting group can be cleaved by any triggers in the tumor

(o

, , . , i e .
microenvironment. The protecting group can be “ The protecting
10 group can be H,N . The protecting group can be HO ‘ .

Y can be absent. Y can be -N{H)YC(S)N(H)-. Y can be -N{HYC(O)N(H)-. Y can be -
NH)C(O)-. Y can be -N(H)C(8)-. Y can be -C(O)-N(H)-. Y can be -C(5)N(H)-. Y can be -
C(OYO-. Y can be -N(H)-. Y can be -S(O)N(H)-. Y can be -S{OpNH)-. Y can be -S(C);-. Y
can be -P(ORN(H)-. Y can be -P(O)s-.

L can be a UV-active linker. L can be a chromophore. L can be # .

Lipid can be a lipid comprising 5-30 carbon atoms. Lipid can be
O
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The comapound of Formula (I} can be

/\(\\ \ / Q
I PN\

Pi
& 0710

OH

The compound of Formulda (I} can be

Methods of Making Lipid-flucrescein conjugates

The disclosure relates to a method of making a lipid-FITC (fluorescein isothiocyanate)
10 comprising:

reacting a lipid with FITC and a base in a solvent.

The disclosure also relates to a method of making a masked lipid-FITC comprising:
reacting a lipid-FITC with a protecting group amd a base in a solvent.

The disclosure also relates to a method of making a FITC-PLE with heterogeneous

protecting groups comprising:

10
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i) conjugating a lipid to aminobenzyl bromide to produce the quaternary amamonium
intermediate, it) coupling of the intermediate to flucrescein isothiocyanate to produce a xylene-
based FL-PLE and iii) optionally protecting a Pro-FL-PLE.

The xylene-based FL-PLE can be MS-109. The Pro-FL-PLE can be MS-115.

The base can be potassium carbonate, sodium carbonate, trialkylamine, pyridine,
dimethylaminopyridine, potassium hydroxide, or sodium hydroxide. The base can be DIEA.

The base can be potassium carbonate. The base can be pyridine

The solvent can be chloroform, tetrahydrofuran, carbon tetrachloride, dichloromethane,
dimethyl sulfoxide, dimethyl formamide, acetonitrile, pyridine, water, or any combination of
thereof. The solvent can be chloroform-DMSG (2:1). The solvent can be chioroform. The

solvent and base can be pyridine.

The compounds of the disclosure, such as compounds Formula (I) or (1D}, a lipid-FITC,
a masked Hpid-FITC, or a FITC-PLE with heterogeneous protecting groups can also be

synthesized in any way known to one of ordinary skill in the art.

Methods of Treatment

The disclosure relates to a method of treating cancer in a subject suffering therefrom.
The method can comprise administering to the subject a therapeutically effective amount of
an above-described compound or a pharmaceutical composition comprising same and a
pharmaceutically acceptable carrier. The cancer can be glioma.

The compound can be any compound of the disclosure.

A detailed description of how to utilize herein synthesized improved Purdue-FL-PLE
in the context of CAR-T cell therapy in cancer is contemplated as described in

W02018148224, the content of which is expressly incorporated herein for reference.

Pharmaceutical Compositions, Routes of Administration, and Dosing

Pharmaceutical compositions are also provided. In an embodiment, the
pharmaceutical composition comprises a compound as described herein and a
pharmaceatically acceptable carrier. In another embodiment, the pharmaceutical composition
comprises a plurality of compounds as described herein and a pharmaceutically acceptable

carrier. In yet another embodiment, the pharmaceutical composition comprises a prodrug of a
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compound described herein, alone or in further combination with one or more other

compounds described herein, or prodrugs thereof, and a pharmaceutically acceptable carrier.

In some embodiments, a pharmaceutical compeosition of the disclosure further
comprises at least one additional pharmaceutically active agent other than a compound of the
disclosure. The at least one additional pharmaceutically active agent can be, for example, an

agent useful in the treatment of ischemia-reperfusion injury.

Pharmaceutical compositions can be prepared by combining one or more compounds
with a pharmaceutically acceptable carrier and, optionally, one or more additional

pharmaceutically active agents.

As stated above, an “effective amount” refers to any amount that is sufficient to
achieve a desired biological effect. Combined with the teachings provided herein, by
choosing among the various active compounds and weighing factors such as potency, refative
bioavailability, patient body weight, severity of adverse side-effects and mode of
administration, an effective prophylactic or therapeutic treatment regimen can be planned
which does not cause substantial unwanted toxicity and yet is effective to treat the particular
subject. The effective amount for any particalar application can vary depending on such
factors as the disease or condition being treated, the particular compound of the disclosure
being administered, the size of the subject, or the severity of the disease or condition. One of
ordinary skill in the art can empirically determine the effective amount of a particular
compound of the disclosure and/or other therapeutic agent without necessitating andue
experimentation. A maximum dose may be used, that is, the highest safe dose according to
some medical judgment. Multiple doses per day may be contemplated to achieve appropriate
systemic levels of compounds. Appropriate systemic levels can be determined by, for
example, measurement of the patient’s peak or sustained plasma level of the drug. “Dose”

and “dosage” are used interchangeably herein.

Generally, daily oral doses of a compound are, for human subjects, from about 0.01
milligrams/kg per day to 1000 milligrams/kg per day. Oral doses in the range of 0.5 to 50
milligrams/kg, in one or more administrations per day, can yield therapeutic results. Dosage
may be adjusted appropriately to achieve desired drug levels, local or systemic, depending
upon the mode of administration. For example, intravenous administration may vary from
one order to several orders of magnitude lower dose per day. In the event that the response in

a subject is insufficient at such doses, even higher doses (or effective higher doses by a
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different, more localized delivery route) may be emaployed to the extent that patient tolerance
permits. Multiple doses per day are contemplated to achieve appropriate systemic levels of

the compound.

For any compound described herein the therapeutically effective amount can be
initially determined from animal models. A therapeutically effective dose can also be
determined from human data for compounds which have been tested in humans and for
compounds which are known to exhibit similar pharmacological activities, such as other
related active agents. Higher doses may be required for parenteral administration. The applied
dose can be adjusted based on the relative bioavailability and potency of the administered
compound. Adjusting the dose to achieve maximal efficacy based on the methods described
above and other methods are well-known in the art and well within the capabilities of the

ordinarily skilled artisan.

For clinical use, any compound of the disclosure can be administered in an amount
equal or equivalent to 0.2-2000 milligram (mg) of compound per kilogram (kg) of body
weight of the subject per day. The compounds of the disclosure can be administered in a dose
equal or equivalent to 2-2000 mg of compound per kg body weight of the subject per day.
The compounds of the disclosure can be administered in a dose equal or equivalent to 20-
2000 mg of compound per kg body weight of the subject per day. The compounds of the
disclosure can be administered in a dose equal or equivalent to 50-2000 mg of compound per
kg body weight of the subject per day. The compounds of the disclosure can be administered
in a dose equal or equivalent to 100-2000 mg of compound per kg body weight of the subject
per day. The compounds of the disclosure can be administered in a dose equal or equivalent
to 206-2000 mg of compound per kg body weight of the subject per day. Where a precursor
or prodrag of the compounds of the disclosure is to be administered rather than the compound
itself, it is administered in an amount that is equivalent to, i.e., sufficient to deliver, the

above-stated amounts of the compounds of the invention.

The formulations of the compounds of the disclosure can be administered to human
subjects in therapeutically effective amounts. Typical dose ranges are from about 0.01
microgram/kg to about 2 mg/kg of body weight per day. The dosage of drug to be
administered is likely to depend on such variables as the type and extent of the disorder, the
overall health status of the particular subject, the specific compound being administered, the

excipients used to formulate the compound, and its route of administration. Routine
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experiments may be used to optimize the dose and dosing frequency for any particular

compound.

The compounds of the disclosure can be administered at a concentration in the range
from about 0.001 microgram/kg to greater than about 500 mg/kg. For example, the
concentration may be 0.001 microgram/kg, 0.01 microgram/kg, 0.05 microgranvkg, 0.1
microgram/kg, 0.5 microgram/kg, 1.0 microgram/kg, 10.0 microgram/kg, 50.0 microgram/kg,
160.0 microgranvkg, 500 microgram/kg, 1.0 mg/ke, 5.0 mg/kg, 18.0 mg/kg, 15.0 mg/kg, 20.0
mg/kg, 25.0 mg/ke, 30.0 mg/kg, 35.0 mg/ke, 40.0 mg/kg, 45.0 mg/kg, 50.0 mg/kg, 60.0
mg/kg, 70.0 mg/kg, 80.0 mg/kg, 90.0 mg/kg, 100.0 rag/ke, 150.0 mg/kg, 200.0 mg/kg, 250.0
mg/kg, 300.0 mg/kg, 350.0 mg/kg, 400.0 mg/kg, 450.0 mg/kg, to greater than about 500.0
mg/kyg or any incremental value thereof. It is to be understood that all valees and ranges

between these values and ranges are meant to be encompassed by the present invention.

The compounds of the disclosure can be administered at a dosage in the range from
about 0.2 milligram/kg/day to greater than about 100 mg/kg/day. For example, the dosage
may be 0.2 mg/kg/day to 100 mg/kg/day, (.2 mg/kg/day to 50 mg/kg/day, 0.2 mg/kg/day to
25 mg/kgiday, 0.2 mgfkg/day to 10 mg/kg/day, 0.2 mgikg/day to 7.5 mg/kg/day, 0.2
mg/kg/day to 5 mg/kg/day, 0.25 mg/kg/day to 100 mg/kg/day, 0.25 mg/ke/day to 30
meg/kg/day, 0.25 mg/kg/day to 25 mg/kg/day, (.25 mg/kg/day to 10 mg/ke/day, 0.25
mg/kg/day to 7.5 mg/kg/day, 0.25 mg/kg/day to 5 mg/kg/day. 0.5 mg/kg/day to 50
mglkg/day, 0.5 mglkg/day to 25 mg/kg/day, (0.5 mgfkg/day to 20 mg/kg/day, 0.5 mg/kg/day
to 15 mg/kg/day, 0.5 mg/kg/day to 10 mg/kg/day, 0.5 mg/kg/day to 7.5 mg/kg/day, 0.5
mg/kg/day to 5 mg/ke/day, 0.75 mg/kg/day to 50 mg/kg/day, 0.75 mg/kg/day to 25
mg/kg/day, 0.75 mg/kg/day to 20 mg/kg/day, 0.75 mg/kg/day to 15 mg/kg/day, 0.75
mg/kg/day to 10 mg/kg/day, 0.75 mg/kg/day to 7.5 mg/fkg/day, 0.75 mg/kg/day to §
mg/kg/day, 1.0 mg/kg/day to 50 mg/kg/day, 1.0 mg/kg/day to 25 mg/kg/day, 1.0 mg/kg/day
to 20 mg/kg/day, 1.0 mg/kg/day to 15 mg/ke/day, 1.0 mg/kg/day to 10 mg/kg/day, 1.0
mglkg/day to 7.5 mg/kg/day, 1.0 mg/kg/day to 5 mg/ke/day, 2 mg/kg/day to 50 mg/kg/day, 2
mglkg/day to 25 mg/kg/day, 2 mg/kg/day to 20 mg/kg/day, 2 mg/kg/day to 15 mg/kg/day, 2
mg/kg/day to 10 mg/kg/day, 2 mg/kg/day to 7.5 mg/kg/day. or 2 mg/kg/day to 5 mg/kg/day.

The compounds of the disclosure can be administered at a dosage in the range from
about 0.25 milligram/kg/day to about 25 mg/kg/day. For example, the dosage may be 0.25
mg/kg/day, 0.5 mg/kg/day, 0.75 mg/kg/day, 1.0 mg/kg/day, 1.25 mg/kg/day, 1.5 mgfkg/day,
1.75 mg/kg/day, 2.0 mg/kg/day, 2.25 mg/kg/day. 2.5 mg/kg/day, 2.75 mg/kg/day, 3.0
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mg/kg/day, 3.25 mg/kglday, 3.5 mg/kg/day, 3.75 mg/kg/day, 4.0 mg/kg/day, 4.25 mg/kg/day,
4.5 mg/kgiday, 4.75 mg/kg/day, 5 mg/kg/day, 5.5 mg/kg/day, 6.0 mg/kg/day, 6.5 mg/kg/day,
7.0 mg/kgiday, 7.5 mg/kg/day, 8.0 mg/kg/day, 8.5 mg/kg/day, 9.0 mg/kg/day, 9.5 mg/kg/day,
10 mg/kg/day, 11 mg/kg/day, 12 mg/kg/day, 13 mg/kg/day, 14 mg/kg/day, 15 mg/kg/day, 16
mglkg/day, 17 mg/kg/day, 18 mg/kg/day, 19 mg/ke/day, 20 mg/kg/day, 21 mglkg/day, 22
mg/kg/day, 23 mg/kg/day, 24 mg/kg/day. 25 mg/ke/day, 26 mg/kg/day, 27 mglke/day, 28
mg/ke/day, 29 mg/kg/day, 30 mg/kg/day. 31 mg/keg/day, 32 mg/kg/day, 33 mg/kg/day, 34
mg/kg/day, 35 mg/kg/day, 36 mg/kg/day, 37 mglkg/day, 38 mg/kg/day, 39 mgflg/day, 40
mg/kg/day, 41 mg/kg/day. 42 mg/kg/day, 43 mg/kg/day, 44 mg/ke/day, 45 mg/kg/day, 46
mg/kg/day, 47 mg/kg/day, 48 mg/kg/day, 49 mg/kg/day, or 50 mg/kg/day.

In various embodiments, the compound or precursor thereot is administered in
concentrations that range from (.01 micromolar to greater than or equal to 500 micromeolar.
For example, the dose may be 0.01 micromolar, 0.02 micromolar, 0.05 micromolar, 0.1
micromolar, (.15 micromolar, (.2 micromolar, 0.5 micromolar, 0.7 micromolar, 1.0
micromolar, 3.0 micromolar, 5.0 micromoiar, 7.C micromolar, 10.0 micromolar, 15.0
micromnolar, 20.0 mucromolar, 25.0 mucromolar, 38.0 micromolar, 35.0 micromolar, 40.0
micromolar, 45.0 micromolar, 50.0 micromolar, 60.0 micromolar, 70.0 micromolar, 80.0
micromolar, 90.0 micromolar, 100.0 micromolar, 150.0 micromolar, 200.0 micromolar, 250.0
micromoiar, 300.0 micromolar, 350.0 micromolar, 400.0 micromolar, 450.0 nicromolar, 10
greater than about 500.0 micromolar or any incremental value thereof. It is to be understood
that all values and ranges between these values and ranges are meant to be encompassed by

the present invention.

In various embodiments, the compound or precursor thereof is administered at
concentrations that range from (.10 microgran/mkL to 500.0 microgram/mi. For example,
the concentration may be .10 microgram/ml., (.50 microgram/mi., | microgram/mt, 2.0
microgram/mL, 5.0 microgram/mL, 10.0 microgram/mL, 20 microgram/mL, 25
microgram/mL, 30 microgram/mL, 35 microgram/mL, 40 microgram/mL, 45 microgram/mL,
50 microgram/mL, 60.0 microgram/mL, 70.0 microgram/mlL., 80.0 microgram/mi., 90.0
microgram/ml., 100.0 microgram/ml, 150.0 microgram/mlL., 200.0 microgran/ml., 250.0
g/mb., 250.0 micro gram/mL, 300.0 microgram/mL, 350.0 microgram/mL, 460.0
microgram/mL, 450.0 microgram/mL, to greater than about 500.0 microgram/mL or any
incremental value thereof. It is to be understood that all values and ranges between these

values and ranges are meant to be encompassed by the present invention.
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The formulations of the disclosure can be adnunistered in pharmaceutically
acceptable solutions, which may routinely contain pharmaceutically acceptable
concentrations of salt, buffering agents, preservatives, compatible carriers, adjuvants, and

optionally other therapeutic ingredients.

For use in therapy, an effective amount of the compound can be administered to a
subject by any mode that delivers the compound to the desired smrface. Administering a
pharmaceutical composition may be accomplished by any means known to the skilled artisan.
Routes of administration include, but are not limited to, intravenous, intramuscular,
intraperitoneal, intravesical (urinary bladder), oral, subcutaneous, direct injection (for

example, into a tamor or abscess), mucosal (e.g., topical to eye), inhalation, and topical.

For intravenous and other parenteral routes of administration, a compound of the
disclosure can be formulated as a lyophilized preparation, as a lyophilized preparation of
liposome-intercalated or -encapsulated active compound, as a lipid complex in aqueous
suspension, or as a salt complex. Lyophilized formulations are generally reconstituted in

suitable aqueous solution, e.g., in sterile water or saline, shortly prior to administration.

For oral admimistration, the compounds can be formulated readily by combining the
active compound(s) with pharmaceutically acceptable carriers well-known in the art. Such
carriers enable the compounds of the disclosure to be formulated as tablets, pills, dragees,
capsuies, liguids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a
subject to be treated. Pharmaceutical preparations for oral use can be obtained as solid
excipient, optionally grinding a resulting mixture, and processing the mixture of granules,
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or
sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose,
sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PYP). If desired, disintegrating
agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a
salt thereof such as sodium alginate. Optionally the oral formulations may also be formulated
in saline or buffers, e.g., EDTA for neutralizing internal acid conditions or may be

administered without any carriers.

Also contemplated are oral dosage forms of the compounds of the disclosure. The

compounds of the disclosure may be chemically modified so that oral delivery of the
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derivative is efficacious. Generally, the chemical modification conteraplated is the attachment
of at least one moiety to the compound itself, where said moiety permits (a) inhibition of acid
hydrolysis; and (b} uptake into the blood stream from the stomach or intestine. Also desired is
the increase in overall stability of the compounds and increase in circulation time in the body.
Examples of such moieties include polyethylene glycol, copolymers of ethylene glycol and
propylene glycol, carboxymethyl cellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone
and polyproline. Abuchowski and Davis, “Soluble Polymer-Enzyme Adducts”, In: Enzymes
as Drugs, Hocenberg and Roberts, eds., Wiley-Tuterscience, New York, N.Y., pp. 367-383
(1981); Newmark et al., J App! Biochem 4:185-9 (1982). Other polymers that could be used
are poly-1,3-dioxolane and poly-1,3,6-tioxocane. For pharmaceutical usage, as indicated

above, polyethylene glycol moieties are suitable.

The location of release of a compound of the disclosare may be the stomach, the small
intestine (the duodenum, the jejunum, or the ileum), or the large intestine. One skilled in the
art has available formulations which will not dissolve in the stomach yet will release the
material in the duodenum or elsewhere in the intestine. The release can avoid the deleterious
effects of the stomach environment, either by protection of the compound of the disclosure or

by release of the compound beyond the stomach environment, such as in the intestine.

To ensure tull gastric resistance a coating impermeable to at least pH 5.0 is essential.
Examples of the more common inert ingredients that are used as enteric coatings are cellulose
acetate trimellitate (CAT), hydroxypropylmethylcellulose phthalate (HPMCP), HPMCP 50,
HPMCP 55, polyvinyl acetate phthalate (PVAP), Eudragit L30D, Aquateric, cellulose acetate
phthalate (CAP), Eudragit L, Eudragit 8, and shellac. These coatings may be used as mixed

films.

A coating or mixture of coatings can also be used on tablets, which are not intended
for protection against the stomach. This can include sugar coatings, or coatings which make
the tablet easier to swallow. Capsules may consist of a hard shell (such as gelatin) for
delivery of dry therapeutic {e.g., powder); for liquid forms, a soft gelatin shell may be used.
The shell material of cachets could be thick starch or other edible paper. For pills, lozenges,

molded tablets or tablet triturates, moist massing techniques can be used.

The therapeutic can be included in the formulation as fine multi-particulates in the

form of granules or pellets of particle size about 1 mum. The formulation of the material for
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capsule administration could also be as a powder, lightly compressed plugs or even as tablets.

The therapeutic could be prepared by compression.

Colorants and flavoring agents may all be included. For example, the compound of
the disclosure may be formulated (such as by liposome or microsphere encapsulation) and
then further contained within an edible product, such as a refrigerated beverage containing

colorants and tlavoring agents.

One may dilute or increase the volume of the therapeutic with an inert material. These
diluents could include carbohydrates, especially mannitol, a-lactose, anhydrous Iactose,
cellulose, sucrose, modified dextrans and starch. Certain inorganic salts may be also be used
as fillers including calcium triphosphate, magnesium carbonate and sodium chloride. Some
commercially available diluents are Fast-Flo, Emdex, STA-Rx 1500, Emcompress and

Avicell.

Disintegrants may be included in the formulation of the therapeutic into a solid
dosage form. Materials used as disintegrates include, but are not limited to, starch, including
the commercial disintegrant based on starch, Explotab. Sodium starch glycolate, Amberlite,
sodivm carboxymethylcellulose, ultramylopectin, sodivm alginate, gelatin, orange peel, acid
carboxyraethyl cellulose, natural sponge and bentonite may all be used. Another form of the
disintegrants are the insoluble cationic exchange resins. Powdered gums may be used as
disintegrants and as binders and these can include powdered gums such as agar, Karaya or

tragacanth. Alginic acid and its sodium salt are also aseful as disintegrants.

Binders may be used to hold the therapeutic agent together to form a hard tablet and
include materials from nataral products such as acacia, tragacanth, starch and gelatin. Others
include methyl cellulose (MC), ethyl cellulose (EC) and carboxymethyl cellulose (CMC).
Polyvinyl pyrrolidone (PVP) and hydroxypropylmethyl! cellulose (HPMC) could both be used

in alcoholic solutions to granulate the therapeutic.

An anti-frictional agent may be inchuded in the {formulation of the therapeutic to
prevent sticking during the formulation process. Lubricants may be used as a layer between
the therapeutic and the die wall, and these can include, but are not limited to, stearic acid
including its magnesium and calcium salts, polytetrafiuoroethylene (PTFE), liquid parattin,
vegetable oils and waxes. Soluble lubricants may also be used, such as sodium lauryl sulfate,
magnesium lauryl sulfate, polyethylene glycol of various molecular weights, Carbowax 4000

and 6000.

.
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Glidants that might improve the flow properties of the drug during formulation and to
aid rearrangement during compression might be added. The glidants may include starch, tale,

pyrogenic silica and hydrated silicoalaminate.

To aid dissolution of the therapeutic into the aqueous enviroument a surfactant might
be added as a wetting agent. Surfactants may include anionic detergents such as sodium
lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl sedium sulfonate. Cationic
detergents which can be used include benzalkonium chloride and benzethoniom chloride.
Potential non-ionic detergents that could be included in the formulation as surfactants include
lauromacrogol 400, polyoxyl 40 stearate, polyoxyethylene hydrogenated castor oil 10, 50 and
60, glycercl monostearate, polysorbate 40, 60, 65 and 80, sucrose fatty acid ester, methyl
cellulose and carboxymethyl cellulose. These surfactants could be present in the formulation

of the compound of the disclosure or derivative either alone or as a mixture in different ratios.

Pharmaceutical preparations which can be used orally include push-fit capsules made
of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol
or sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler
sach as lactose, binders such as starches, and/or labricants sach as talc or magnesium stearate
and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene
glycols. In addition, stabilizers may be added. Microspheres formulated for oral
administration may also be used. Such microspheres have been wejl-defined in the art. All

formulations for oral administration should be in dosages suitable for such administration.

For buccal administration, the compositions may take the form of tablets or lozenges

formulated in conventional manner.

For topical administration, the compound may be formulated as solutions, gels,
ointments, creams, suspensions, etc. as are well-known in the art. Systemic formulations
include those designed for administration by injection, ¢.g., subcutaneous, intravenous,
intramuscular, intrathecal or intraperitoneal injection, as well as those designed for

transdermal, transmucosal oral or pudmonary administration.

For admiunistration by inhalation, compounds for use according to the present
disclosure may be conveniently delivered in the {orm of an aerosol spray presentation {from
pressurized packs or a nebulizer, with the use of a suitable propellant, e.g.,

dichlorodiflucromethane, trichlorofivoromethane, dichlorotetrafluoroethane, carbon dioxide
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or other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined
by providing a valve to deliver a metered amount. Capsules and cartridges of e.g., gelatin for
use in an inhaler or insufflator may be formulated containing a powder mix of the compound

and a suitable powder base such as lactose or starch.

The compounds, when it is desirable to deliver them systemically, may be formulated
for parenteral administration by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, e.g., in ampoules or in
multi-dose containers, with an added preservative. The compositions may take such forms as
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory

agents such as suspending, stabilizing and/or dispersing agents.

Pharmaceutical formulations for parenteral administration include aqueous solutions
of the active compounds in water-soluble form. Additionally, suspensions of the active
compounds may be prepared as appropriate oily injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils such as sesame otl, or synthetic fatty acid esters, such as
ethyl oleate or triglycerides, or liposomes. Aqgueous injection suspensions may contain
substances which increase the viscosity of the suspension, such as sodium
carboxyraethyleellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the solubility of the compounds to allow for the

preparation of highly concentrated solutions.

Alternatively, the active compounds may be in powder form for constitution with a

suitable vehicle, e.g., sterile pyrogen-free water, before use.

The compounds may also be formulated in rectal or vaginal compositions such as
suppositories or retention enernas, e.g., containing conventional suppository bases such as

cocoa butter or other glycerides.

In addition to the formulations described above, a compound may also be formulated
as a depot preparation. Such long acting formulations may be formulated with suitable
polymeric or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion
exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

The pharmaceutical compositions also may comprise suitable solid or gel phase
carriers or excipients. Examples of such carriers or excipients include, but are not limited to,
calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin,

and polymers, such as polyethylene glycols.
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Suitable liguid or solid pharmaceutical preparation forms are, for example, aqueous or
saline solutions for inhalation, microencapsulated, encochleated, coated onto microscopic
gold particles, contained in liposomes, nebulized, aerosols, pellets for implantation into the
skin, or dried onto a sharp object to be scratched into the skin. The pharmaceutical
compositions also include granules, powders, tablets, coated tablets, (microjcapsules,
suppositories, syrups, emulsions, suspensions, creams, drops or preparations with protracted
release of active compounds, in whose preparation excipients and additives and/or auxiliaries
such as disintegrants, binders, coating agents, swelling agents, lubricants, flavorings,
sweeteners or solubilizers are customarily used as described above. The pharmaceutical
compositions are suitable for use in a variety of drug delivery systems. For a brief review of

methods for drug delivery, see Langer, R., Science 249:1527-33 (1990).

The compound of the disclosure and optionally other therapeutics may be
administered per se (neat) or in the form of a pharmaceutically acceptable salt. When used in
medicine the salts should be pharmacewtically acceptable, but non-pharmaceutically
acceptable salts may conveniently be used to prepare pharmaceutically acceptable salts
thereof. Such salts include, but are not limited to, those prepared from the following acids:
hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic, acetic, salicylic, p-toluene
suiphonic, tartaric, citric, methane sulphonic, formic, malonic, succinic, naphthalene-2-
sulphonic, and benzene salphonic. Also, such salts can be prepared as alkaline metal or

alkaline earth salts, such as sodium, potassium or caleium salts of the carboxylic acid group.

Suitable buffering agents include acetic acid and a salt (1-2% w/v); citric acid and a
salt (1-3% wiv}; boric acid and a salt (0.5-2.5% wi/v); and phosphoric acid and a salt (0.8-2%
wiv). Suitable preservatives include benzalkonium chloride (0.003-0.03% wiv);

chlorobutanol (0.3-0.9% w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-0.02% w/v).

Pharmaceutical compositions of the disclosure contain an effective araount of a
compound as described herein and optionally therapeutic agents included in a
pharmaceutically acceptable carrier. The term “pharmaceuatically acceptable carrier” means
one or more compatible solid or Hiquid filler, diluents or encapsulating substances which are
suitable for administration to a human or other vertebrate animal. The term “carrier” denotes
an organic or inorganic ingredient, natural or synthetic, with which the active ingredient is
combined to facilitate the application. The components of the pharmaceutical compositions

also are capable of being commingled with the compounds of the present disclosure, and with
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each other, in a manner such that there is no interaction which would substantially impair the

desired pharmaceutical efficiency.

The therapeutic ageni(s), including specifically but not limited to a compound of the
disclosure, may be provided in particles. Particles as used herein means nanoparticles or
microparticles (or in some instances larger particles) which can consist in whole or in part of
the compound of the disclosure or the other therapeutic agent(s) as described herein. The
particles may contain the therapeutic agent(s) in a core surrounded by a coating, including,
but not limited to, an enteric coating. The therapeutic agent(s) also may be dispersed
throughout the particles. The therapeutic agent(s) also may be adsorbed into the particles. The
particles may be of any order release kinetics, including zero-order release, first-order
release, second-order release, delayed release, sustained release, immediate release, and any
combination thereof, etc. The particle may include, in addition to the therapeutic agent(s),
any of those materials routinely used in the art of pharmacy and medicine, including, but not
limited to, erodible, nonerodible, biodegradable, or nonbiodegradable material or
combinations thereof. The particles may be microcapsules which contain the compound of
the disclosure in a solution or in a serni-solid staie. The particles may be of virtuaily any

shape.

Both non-biodegradable and biodegradable polymeric materials can be used in the
mantfacture of particles for delivering the therapeutic agent(s). Such polymers may be
natural or synthetic polymers. The polymer is selected based on the period of time over which
release is desired. Bioadhesive polymers of particular interest include bicerodible hydrogels
described in Sawhney et al., Macromolecules 26:581-587 (1993), the teachings of which are
incorporated herein. These include polyhyaluronic acids, casein, gelatin, glutin,
polyanhydrides, polyacrylic acid, alginate, chitosan, poly(methyl methacrylates), poly(ethyl
methacrylates), poly{butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl
methacrylate), poly(methyl acrylate), poly(isopropyl acrylate}, poly{isobuty! acrylate), and

poly{octadecyl acrylate).

The therapeutic agent(s) may be contained in controlied release systems. The term
“controtied release” 18 intended to refer to any drug-containing formulation in which the
manner and profile of drug release from the formulation are controlied. This refers to
immediate as well as non-immediate release formuslations, with non-irnmediate release
formulations including, but not limited to, sustained release and delayed release formulations.

-
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The term “sustained release” (also referred to as “extended release”) is used in its
conventional sense to refer to a drug formulation that provides for gradual release of a drug
over an extended period of time, and that can resolt in substantially constant blood levels of a
drug over an extended time period. The term “delayed release” is used in its conventional
sense to refer to a drug formulation in which there is a time delay between administration of
the formulation and the release of the drug there from. “Delayed release”™ may or may not
involve gradual release of drug over an extended period of time, and thus may or may not be

“sustained release.”

Use of a long-term sustained release implant may be particularly suitable for
treatment of chronic conditions. “Long-term” release, as used herein, means that the implant
is constructed and arranged to deliver therapeutic levels of the active ingredient for at least 7
days, and up to 30-60 days. Long-term sustained release implants are well-known to those of

ordinary skill in the art and include some of the release systems described above.

It will be understood by one of ordinary skill in the relevant arts that other suitable
maodifications and adaptations to the compositions and methods described herein are readily
apparent from the description of the disclosure contained herein in view of information
known to the ordinarily skilled artisan, and may be made without departing from the scope of
the disclosure or any embodiment thereof.

EXAMPLES

The disclosure now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration of
various aspects and embodiments of the present disclosure and are not intended to limit the

disclosure.

Synthesis of PLE derivatives

The synthesis of xylene-based FL-PLE (Figure 3) and Pro-FL-PLE (Figure 4) were
accomplished in 2-3 steps (Figure 5).

Protected version of the lipid-fluorescein conjugates that are cleavable by ROS
(Figure 6), enzymes, and low pH or any other triggers in the tumor microenvironment can
also be synthesized in a similar fashion {(Figure 6). The synthesis is also amenable for making
Pro-FL-PLEs containing two different protecting groups for dual specificity (a logic gate or

dual gate approach, Figure 7).

2
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Synthesis and Characterization
Synthetic procedure for lipid-linker (MS-100), lipid-FITC (MS-109) and masked lipid-
FITC (MS-115)

FB35462, Carbosynth

4-{Bromomethylibenzylamine HEr HN
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5 Biosynth.com 12h @80 °C

Preparation of lipid MS-160. N,N-Dimethylcephalin octadecyl ester (5 mg, 0.011
mmol, 1 equiv.} and 4-(bromomethyhbenzylamine HBr salt (3.4 mg, 0.012 mmol, 1.1 equiv.}
were dissolved in 0.3 mL of chloroform (or toluene). After adding potassium carbonate (1.5
10 mg, 0.011 mmol, T equiv.) the resulting mixiure was heated to 80 °C and sturred for 12 h. The
completion of the reaction was monitored by LC-MS (mobile phase of A =20 mM
ammonium bicarbonate buffer, pH 7; B = acetonitrile; gradient 0-100% B in 7 min, 8.75 mL

min™!, & = 220 nm). The crude product was tzken to the next step.
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Preparation of lipid-FITC MS-109. The crade lipid MS-100 (0.011 mmol) from the
above reaction was reacted with fluorescein isothiocyanate (4.3 mg, 0.011 mmol, 1.0 equiv.)
and potassium carbonate (4.5 mg, 0.033 mmol, 3.0 equiv.} in (.3 mL of chloroform. The

20 ouxtare was stirred at room femperature tor 2 h. The completion of the reaction was
monitored by LC-MS (retention time = 4.2 min., mobile phase of A = 20 mM ammonium

bicarbonate buffer, pH 7; B = acetonitrile; gradient 0-100% B in 7 min, 0.75 mL min-1, A =
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280 nm). The solvent was evaporated by passing dry nitrogen gas. The resulting mixture was
dissolved in DMSO (note: sufficient amount of DMSQO was added to make a less viscous
solution. The solution was filtered through 0.45 micron filter before loading on the HPLC.
Any vigorous shaking or pipetting should be avoided to prevent formation of emulsions). The
solution was then purified by HPLC (mobile phase of A = 20 oM ammonium acetate buffer,
pH 7; B = acetonitrile; gradient 0~100% B in 35 min, 12 mL min-1, A = 280 nm). The
fractions with pure product were combined and Iyophilized to provide 6 mg {59% yield) of

MS-109.
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Preparation of masked lipid-FITC MS-115. The lipid-FITC MS-109 (4 mg, 0.004
mmol) was reacted with 1H-benzo[d}[1,2,3]triazol-1-y1 (2-(pyridin-2-yidisulfansyhethyl)
carbonate (3.5 mg, 0.010 mrool, 2.2 equiv.) and DIEA (3.0 equiv.) in 0.15 mL of chloroform-
DMSO (2:1). The mixture was stirred at room temperature for 12 h. The completion of the
reaction was monitored by LC-MS (retention time = 5.8 min., mobile phase of A = 20 mM
ammonium bicarbonate buffer, pH 7; B = acetonitrile; gradient 0-100% B in 7 min, 8.73 mL
min—1, A = 280 nm). The solvent was evaporated by passing dry nitrogen gas. The resulting
mixture was dissolved in DMSO (note: sufficient amount of DMSQO was added to make a less
viscous solution. The solution was filtered through 0.45 micron filter before loading on the
HPLC. Any vigorous shaking or pipetting should be avoided o prevent formation of
emulsions). The solution was then purified by HPLC. (retention tirne = mobile phase of A =

20 mM anunonium acetate buffer, pH 7; B = acetonitrile; gradient 0~100% B in 35 min, 12

[oe]
ih
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mi min—-1, 2 = 280 nm). The fractions with pure product were combined and lyophilized to

provide 1 mg (18%) of MS-115.
1H-benzo[d}[1.2,3 Jtriazol-1-vl (2-(pyridin-2-yidisulfaneyl)ethyl; carbonate was
prepared according to the protocol reported in Journal of Medicinal Chernistry, 53(21), 7767-

7T 2010.

Numbered embodiments

Embodiment 1 relates to a compound of Formula (1) or (1i):

wherein:

R’ is independentty H, or a protecting group that is deprotected in tumor extracellular

matrix;

Y is absent, -N(HYC(SIN(H)-, -N(H)C(OIN(H)-, -N(H)YC(O)-, -NHIC(S)-, -C(O)-
N(H)-, -C(SINHD-, -CONHYO-, -NH)-, -S(OYNH)-, -S(CRNH)-, -S(O);-, -P(ORNEH)-, -
P(O)3-;

L. is a linker; and

Lipid is a cancer-cell targeting lipid; and

at least one R'is a protecting group,

or a pharmaceutically acceptable salt thereof.

Embodiment 2 relates to a compound of Embodiment 1, wherein both Rlarea
protecting group.

Embodiment 3 relates to a compound of Embodiment 1, wherein each R are
different.
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Embodiment 4 relates to a compound of Embodiment 1, wherein both R! are the
same.
Ermbodiment 5 relates to a compound of any one of Embodiments 1-4, wherein the

protecting group is a ROS-cleavable group.

Ermbodiment 6 relates to a compound of any one of Embodiments 1-4, wherein the

protecting group is an acid-cleavable group.

Embodiment 7 relates to a compound of any one of Embodiments 1-4, wherein the
protecting group is reductively cleaved.

Embodiment 8 relates to a compound of any one of Embodiments 1-4, wherein the
protecting group is an enzyme-cleavable group.

Embodiment 9 relates to a compound of any one of Embodiments 1-4, wherein the
protecting group is cleavable at low pH.

Embediment 10 relates to a compound of any one of Embodiments 1-4, wherein the

otecting group is cleaved by any triggers i : BIINOF MICTOenvire .
rotecting group is cleaved by any triggers in the tumor microenvironment

Ermbodiment 11 relates to a compound of any one of Embodiments 1-4, wherein the

NP e N
oY

protecting group is

Embodiment 12 relates to a compound of any one of Embodiments 1-4, wherein the

SO ot

Embodiment 13 relates to a compound of any one of Embodiments 1-12, wherein L is
a UV-active linker.

protecting group is

Embodiment 14 relates to a compound of any one of Embodiments 1-12, wherein L is
a chromophore.

Embediment 15 relates to a compound of any one of Embodiments 1-12, wherein L is
Embodiment 16 relates to a compound of any one of Embodiments 1-15, wherein

Lipid can be a lipid comprising 5-30 carbon atoms.
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Embodiment 17 relates to a compound of any one of Embodiments 1-16, wherein

\/ g
AN N W\,/"\
Lipid is PV e e Ve

Embodiment 18 relates to a compound of Embodiment 1, wherein the compound is

T NI NP NG

Embodiment 20 relates to a compound of Embodiment 1, wherein the compound is

o]
(o5}
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Embodiment 21 relates to a pharmaceutical composition comprising a compound of

any one of Embodiments 1-20, and a pharmaceutical acceptable carrier.

Embodiment 22 relates to a method of treating cancer in a subject suffering therefrom,
comprising administering to the subject a therapeutically effective amount of a compound of
any one of Embodiments 1-20, or a pharmaceutical composition of Embodiment 18,

whergupon the subject is treated for cancer.

Embodiment 23 relates to the method of Embodiment 22, wherein the cancer is

ghioma.

Embodiment 24 relates to a method of making a lipid-FITC comprising:
reacting a lipid with fluorescein isothiocyanate and a base in a solvent.

Embodiment 25 relates a method of making a masked lipid-FITC comprising:
reacting a lipid-FITC with a protecting group and a base in a solvent.

Embodiment 26 relates to a method of making a FITC-PLE with heterogeneous
protecting groups comprising: A rethod of making a FITC-PLE with heterogeneous protecting
groups comprising:

i) conjugating a lipid to aminobenzyl bromide to produce the quaternary ammonium
intermediate, i) coupling of the intermediate to fluorescein isothiocyanate to produce a xylene-

based FL- and iii) optionally protecting a Pro-FL-PLE.

29



WO 2021/007109 PCT/US2020/040723

Embodiment 27 relates the method of any one of Embodiments 24-26, wherein the base
is potassium carbonate, sodium carbonate, trialkylamine, pyridine, dimethylaminopyridine,

potasstum hydroxide, sodium hydroxide or a combination thereof.

Embodiment 28 relates the method of any one of Embodiments 24-26, wherein the

5  base is potassium carbonate.

Embodiment 29 relates the method of any of one of Embodiments 24-28, wherein the
solvent is chloroform, tetrahydrofuran, carbon tetrachloride, dichloromethane, dimethyl

sulfoxide, dimethyl formamide, acetonitrile, pyridine, water, or any combination of thereof.

Embodiment 30 relates the method of any of one of Embodiments 24-28, wherein the

16 solvent is chloroform.
Embodiment 31 relates the method of Embodiment 30, wherein the base 1s D{EA.

Embodiment 32 relates the method of any one of Embodiments 24-26, wherein the

solvent is chloroform-DMSO (2:1).

15 INCORPORATION BY REFERENCE
All the patents, patent application publications, journal articles, books and other

publications cited herein are hereby incorporated by reference.

EQUIVALENTS
20 Those skilled in the art will recognize or be able to ascertain using no more than
routine experimentation, many equivalents to the various embodiments of the disclosure

described herein. Such equivalents are encompassed by the following claims.
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We claim:

1. A compound of Formula (I):

R'O

wherein:

R! is independently H, or a protecting group that is deprotected in tumor
extracellular matrix;

Y is absent;

L is a linker; and

Lipid is a cancer-cell targeting lipid that is

; and

at least one R is a protecting group that is a reactive oxygen species (ROS)-

% £3

’

cleavable group that is H2

or a pharmaceutically acceptable salt thereof.
2. The compound of claim 1, wherein L is an ultraviolet (UV)-active linker.

3. The compound of claim 1 or claim 2, wherein L is a chromophore.

X
X

4. The compound of any one of claims 1-3, wherein L is

31



5. Use of a pharmaceutical composition in the manufacture of a medicament for treating
cancer in a subject undergoing CAR-T cell therapy comprising a compound of any one
of claims 1-4, and a pharmaceutical acceptable carrier.

6. Use of a therapeutically effective amount of a compound of any one of claims 1-4, or
a pharmaceutical composition thereof, in the manufacture of a medicament for treating

cancer in a subject undergoing CAR-T cell therapy.

7. A method of making the compound of any one of claims 1-4 comprising:

reacting a lipid with FITC and a base in a solvent.

8. The method of claim 7, wherein the base is potassium carbonate.

9. The method of claim 7 or claim 8, wherein the solvent is chloroform.

10. A method of making a masked conjugate comprising the compound of any one of

claims 1-4 comprising:

reacting a lipid-FITC with a protecting group and a base in a solvent.

11. The method of claim 10, wherein the base is N, N-diisopropylethylamine (DIEA).

12. The method of claim 10 or 11, wherein the solvent is chloroform-DMSO (2:1).
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