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COMPOSITIONS COMPRISING AMING LIPID COMPOUNDS
AND METHODS OF MAKING AND USE THEREQF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Provisional Application No.
63/278,274 filed November 11, 2021, which is hereby incorporated herein by reference in its
entirety.

BACKGROUND

Efficient delivery of mRNA is a key step and challenge for the applicant of mRNA
therapeutics. Despite promising data from ougoing clinical trials, the clinical use of mRNA
requires the discovery and development of more efficient delivery systems.

The compositions and methods discussed herein address this and other needs.

SUMMARY

In accordance with the purposes of the disclosed devices and methods as embodied and
broadly described herein, the disclosed subject matier relates to compositions comprising amino
lipid compounds and methods of making and use thereof.

For example, disclosed herein are compositions comprising a compound defined by

Formula I, or a pharmaceutically acceptable salt thereof:

HQ/’\R‘EO“‘N\RH’ o
I

wherein

RY is substituted or unsubstituted Ci-Cs alkyl;

Rt is substituted or unsubstituted C1-Cs alkyl;

R'* RY and R are each independently substituted or unsubstituted Co-Cao alkyl;

with the proviso that when RY is —CsHio— and R is —C3He—, then R'2, RP and RY
are not all X ¥
with the proviso that when R'® is —CsHio— and R' is —C3He—, then R RY and R™
;{\\/’ V\/\Eem

are not all
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In soroe examples, RM is a substituted or unsubstituted C2-Cy alkyl. In some examples,
R'!is a substituted or unsubstituted Cs alkyl. In some examples, R'! is an unsubstituted C2-Cs
alkyl. In some examples, R' is an unsubstituted Cs alkyl.

In some examples, the compound is defined by Formula I-A:

R 12 R 13

‘ N( Q R14
HO T RIC s

I-A
or a pharmaceutically acceptable salt thereof.
In some exaraples, R1 is an unsubstituted C1-Cs alkyl.
In some examples, the compound is defined by Formula I-B, or a pharmaceutically

acceptable salt thereof:

R12 R13
r i
HQ/MHN\//\JN\/RM
B

wherein 1 1S an integer from 1 to 5.
Also disclosed herein are compositions comprising a compound defined by Formula 1-4,

or a pharmaceutically acceptable salt thereof’

Rﬁ R’iS
L R
HO R T s ™ s

-/
wherein
R1%is a substituted C1-Cs alkyl or an unsubstituted C1-Cq alkyl; and
R RY and R are each independently substituted or unsubstituted Ce-Cao alkyl.
In soroe exarples, RY is an unsubstituted C1-Cs alkyl.
Also disclosed herein are compositions comprising a compound defined by Formula I-B,

ot a pharmaceutically acceptable salt thereof’

[
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R12 RK’:
r 4
HQNHNWNVRM
I-B

whergin

18 an integer from 1 to 4; and

R2 RY and RY are each independently substituted or unsubstituted Ce-Cao alkyl.

In some examples, R'2, RY and R™ are each independently a substituted or unsubstituted
Cio-Cis alkyl. In some examples, R R and R are each independently a linear or branched
unsubstituted C10-Ciz alkyl. In some examples, R'? RY and R are each independently a linear
or branched substituted Cio-Cig alkyl. In some examples, R, RY, and R' are each
independently a linear or branched Cio-Cis alkyl substituted with one or more substituents
selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester. In

some examples, R™, RY, and R™ are independently selected from the group consisting of:

. )

o o

3{\\/”\0/&\0&/ I NN ;%WO/J\OW

B NN , N N T N O
\g WOAQM/\M

L%’\/\g/l\gf\fvf\/\ ’ fﬁg\f\x\g/l\gf\/\/\ ,

SO \QAQ/\"’/\/\“, and pharmaceutically acceptable salts thereof. In some

examples, R, RP and R'Y are each the same.
Also disclosed herein are compositions comprising a compound defined by Formula {-C,

or a pharmaceutically acceptable salt thereof
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(VV\@WW
M\(\Ar

RGR

Also disclosed herein are compositions comprising a compound defined by Formula T1,

HO" W

whergin n 1s an integer from 1 10 4.

5  orapharmaceutically acceptable salt thereof:

RW R18
O
LN N_ R
HO R15“” \R'ES"’ ~
H

wherein
R is substituted or unsubstituted Ci-Cs alkyl;
10 R1® s substituted or unsubstituted C1-Cs alkyl;
RY R and R are each independently substituted or unsubstituted Ce-Cao alkyl;
with the proviso that when RY is —CsHio— and R is —C3He—, then RY7, R¥ and RY
are not all BN NN ; and

with the proviso that when R is —CsHio— and R'0 is —C3Hs—, then RV, R'® and RY

E{\vwom |

In some examples, Rie

1S arewotail
is a substituted or unsubstituted C2-Ca alkyl. In some examples,
R 15 a substituted or unsubstituted Cs alkyl. In some examples, R is an unsubstituted C2-Cs
alicyl. In some examples, R is an unsubstituted Cs alkyl.

In some examples, the compound is defined by Formula H-A:

RW R‘!&
Tk A e
- HO RIS TN
H-A
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or a pharmaceutically acceptable salt thereof.
In some examples, R' is an unsubstituted C;-Cs alkyl
In some examples, the compound is defined by Formula I-B, or a pharmaceutically

acceptable salt thereof:

R‘[? R'HS
O
a\{s/ ?Lj R19
H(}/H\Hm R N N
i-B

wherein m is an integer from 1 to 5.
Also disclosed herein are compositions compristng a compound defined by Formula -

A, or a pharmaceutically acceptable salt thereof:

o R?? Rm
B Nr Nr R
HO RGN
1-A

wherein

RY is a substituted Ci-Cs alkyl or an unsubstituted C1-Cy alkyl; and

RY R"™ and R" are each independently substituted or unsubstituted Cs-Cao alkyl.

In some examples, R* is an unsubstituted C1-Cs alkyl.

Also disclosed herein are compositions comprising a compound defined by Formula [1-B,

or a pharmaceutically acceptable sali thereof’

R’l? R’]S
O
A e
HQJJ\&/)}T} e N N
iR

wherein

m 18 an integer from 1 to 4; and

RY R'™ and R" are each independently substituted or unsubstituted Ce-Czo alkyl.

In some examples, RY, R and RY are each independently a substituted or unsubstituted
Cio-Cis alkyl. In some examples, RV, R*® and R are each independently a linear or branched

unsubstituted Cio-Ciz alkyl In some examples, RY, R* and R are each independently a linear
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or branched substituted Cio-Ciz alkyl. In some examples, R, R*®, and R'? are each
independently a linear or branched Cio-Crz alkyl substituted with one or more substituents
selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester. In

some exarmples, R, R*, and R" are independently selected from the group consisting of:

5 AN NN Wﬁm

(@] ¢
kv\o,kg&/\/\/\* ;z:\\//\\v/\c/’il\ O e N

}{’\\/"\/O : O\fWW C}
%/ :}{\\/\\/\0)\@/\/\/\,//\\/\

WQJ\Q«”\JW\/\’ MAQ/LWW\

5

| N . .
SN0 0/\"/\\/\“, and pharmaceutically acceptable salts thereof In some

10 examples, RY, R and R are the same.
Also disclosed herein are compositions comprising a compound defined by Formula [

or a pharmaceutically acceptable sali thereof’

OH
L\\) 21
;,/ 22
HO/\\JN\RZG"’N\/Q

I
15 wherein
R?% s substituted or unsubstituted C1-Cs alkyl; and
R*! and R** are each independently substituted or unsubstituted Cs-Cao alkyl.
In some examples, R? is a substituted or unsubstituted C2-Cs alkyl. In some examples,
R¥is a substituted or unsubstituted Cs alkyl. In some examples, R™ is an unsubstituted C2-Cs
20 alkyl In some examples, R™ is an unsubstituted Cz alkyl.

in some examples, the compound is defined by Formula Hi-A:

OH
21
\\: (/R
N N R%
HO ™ N

Hi-A
or a pharmaceutically acceptable salt thereof.

&
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In soroe exarples, R* and R*? are each independently a substituted or unsubstituted Cio-
Cis alkyl. In some examples, R*! and R* are each independently a linear or branched
unsubstituted Cio-Cis alkyl. In some examples, R*! and R are each independently a linear or
branched substituted Cio-Cis alkyl. In some examples, R*! and R* are each independently a
finear or branched Cio-Cis alkyl substituted with one or more substituents selected from the
group consisting of ester, ether, acetal, carbonate ester, and carbamate ester. In some examples,
R*! and R* are independently selected from the group consisting of:
BN
e N NP e N N 7 /\g m ’
O

O M

f%”\«’“*ofﬂ\c)—’”\/\/“\/\* N N \Q/J\O’A\/\\/\

}{\/\/O : O e e i
WO{ B N i e NG e N e

WQ«/LQ/‘\/’\M’ M/\g/l\g/\/\f\
N s Ny

2

, and pharmaceutically acceptable salts thereof. In some
examples, R?' and R* are the same.
Also disclosed herein are compositions comprising a compound selected from the group

consisting of’

/\/E/Q\f:\v”l A/\«\/\KO\E\«NL
( E:f\/\v/\/\g/ T\\/\| ) (V\/\/\E \(\ﬁ

HO" ™ e H ’A“(v}’?’N\/ \\/F \}
W\/\/\/\ © \/\j S N O
IC TU
/\,/\,/\Io(\/\] OJ\O/\V/\,/\\,/\\
J
‘/( {\/A\/’\/\g/o ’“\/’W J’/ /L
' \L 4 [ N e NN NP

Hcv/\(v)gN\/\vN\
N N
/\IO /*\/f\ HO"“}% B L\ /L
' \[\ E 0 O/\/"\/\/\\

B
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[¢]
r\ OflL. O’A\//\v/\“/\ N

O
SN N N o J/ i
J/ o f/ N e TV e N NN
e /\/\\/W/v Hofd\&szv“\’hj\L o
HC-'J\/ N N N NP ./\,/\kao/\/\/\«/\/’\\
> >
o]
I/\O)L\O/‘\\/f\,/\vf“\/f\ .//\O’J\O/\\f/\\’/\\
J
f G
O r \\/’\\/’\ins\(‘}f’\\./’\\,/\/\/‘\ o r/ r,/\\v/\/,z\ o /l\ O‘/‘\/»f\v-\\
HQ,,--\MSN\/\VN\L o HU,R\/N\/\/N\:
/\/\Q)LO, AN NN ’\/\/\O/LQ/\/\/\

pharmaceutically acceptable salts thereof, and combinations thereof.
Also disclosed herein are methods of making any of the compounds or compositions
5  disclosed herein.

Also disclosed herein are lipid particies comprising any of the compounds ot
compositions disclosed herein. In some examples, the lipid particle is substantially spherical in
shape. In some exarples, the lipid particle has an average particle size of from 30 nanometers
{nm} to 800 nm. In some examples, the lipid particle has a polydispersity index of 0.5 or less. In

10 some examples, the lipid particle further comprises an additional component, such as an
additional lipid.

Also disclosed herein are pharmaceutical compositions comprising a therapeutic agent
encapsulated within any of the lipid particles disclosed herein. In some examples, the therapeutic
agent is encapsulated within the lipid particle with an encapsulation efficiency of 30% or more.

15 In some examples, the therapeutic agent comprises an anticancer agent, an anti-inflammatory
agent, an antimicrobial agent, or a combination thereof. In some examples, the therapeutic agent
comprises a viral antigen, 8 tumor antigen, a gene editing coruponent, a protein replacement
component, an immunoregulatory agent, or a combination thereof. In some examples, the

therapeutic agent comprises a chemotherapeutic agent, an imununotherapeutic agent, ot a

b2
-

combination thereof In some examples, the therapeutic agent comprises a nucleic acid, such as
mRNA.

Also disclosed herein are methods of making any of the pharmaceutical compositions
disclosed herein.

Also disclosed herein are methods of treating a disease in a subject in need thereof, the

25 methods comprising administering to the subject a therapeuntically effective armount of any of the

8
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pharmaceutical compositions disclosed herein.

Also disclosed herein are methods of suppressing tumor growth in a subject, the methods
comprising contacting at feast a portion of the tumor with a therapeutically effective amount of
any of the pharmaceutical compositions disclosed herein.

Additional advantages of the disclosed compositions and methods will be set forth in part
in the description which follows, and in part will be cbvicus from the description. The
advantages of the disclosed compositions and methods will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims. [tisto be
understood that both the foregoing general description and the following detailed description are
exemplary and explanatory ooly and are not restrictive of the disclosed compositions and
methads, as claimed.

The detatls of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. (ther features, objects, and advantages of
the invention will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures, which are incorporated in and constitute a part of this
specification, illustrate several aspects of the disclosure, and together with the description, serve
to explain the principles of the disclosure.

Figure 1. Relative luminescence intensity of new materials iv Hep3B cells. The data are
normalized by lipefectamine 3000 (Lipo 3000).

Figure 2. Relative luminescence intensity of new materials in vivo after LM. injection.
The data are normalized by ALC-0315.

DETAILED DESCRIPTION

The compositions and methods described herein may be understood more readily by
reference to the following detailed description of specific aspects of the disclosed subject matter
and the Examples included therein.

Betore the present compositions and methods are disclosed and described, it is to be
understood that the aspects described below are not fimited to specific synthetic methods or
specific reagents, as such may, of course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular aspects only and is not intended to be
fimiting.

Also, throughout this specification, various publications are referenced. The disclosures
of these publications in their entireties are hereby incorporated by reference into this application

9
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in order to more fully describe the state of the art to which the disclosed matter pertains. The
references disclosed are also individually and specifically incorporated by reference herein for
the material contained in them that is discussed in the sentence in which the reference is relied
upon.

General Definitions

In this specification and in the claims that follow, reference will be made to a number of
terms, which shall be defined to have the following meanings.

Throughout the description and claims of this specification the word “comprise” and
other forms of the word, such as “comprising” and “comprises,” means including but not limited
to, and is not intended to exclude, for example, other additives, components, integers, or sieps.

As used in the description and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to “a composition” includes mixtures of two or more such compositions, reference to
“an agent” includes mixtures of two or more such agents, reference to “the component” includes
nixtures of two or more such components, and the like.

“Optional” or “optionally” means that the subsequently described event or circurstance
can or cannot occur, and that the description includes instances where the event or circumstance
occurs and instances where it does not.

Rauvges can be expressed herein as from “about” one particular value, and/or to “about”
another particular value. By “about” is meant within 5% of the value, e.g., within4, 3, 2, or 1%
of the value. When such a range is expressed, ancther aspect includes fror the one particular
value and/or to the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be understood that the particular value
forms another aspect. It will be further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and independently of the other endpoint.

“BExemplary” means “an example of” and is not intended to convey an indication of a
preferred or ideal embodiment. “Such as” is not used in a restrictive sense, but for explanatory
purposes.

Values can be expressed herein as an “average” value. “Average” generally refers to the
statistical mean value,

By “substantially” is meant within 5%, e.g., within 4%, 3%, 2%, or 1%.

It is understood that throughout this specification the identifiers “first” and “second” are

used solely to aid in distinguishing the various components and steps of the disclosed subject

10
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matter. The identifiers “first” and “second” are not intended to imply any particular order,
amount, preference, or importance to the components or steps modified by these terms.

References in the specification and concluding claims to parts by weight of a particular
element or component in a composition denotes the weight relationship between the element or
component and any other elements or components in the composition or article for which a part
by weight is expressed. Thus, in a compound containing 2 parts by weight of component X and 5
parts by weight component Y, X and Y are present at a weight ratio of 2:5, and are present in
such ratio regardiess of whether additional components are contained in the compound.

A weight percent (wt. %) of a component, unless specifically stated to the contrary, is
based on the total weight of the formulation or composition in which the component 18 inchuded.
The term “or combinations thereof” as used herein refers to all permutations and

combinations of the listed iterns preceding the term. For example, “A, B, C, or combinations
thereot” is intended to include at least one oft A, B, C, AB, AC, BC, or ABC, and if order is
important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.
Continuing with this example, expressiy included are combinations that contain repeats of one or
more item or term, such as BB, AAA, AB, BBC, AAABCCCC, CBBAAA, CABABR, and so
forth. The skilled artisan will undersiand that typically there is no limit on the number of items
or terms in any combination, unless otherwise apparent from the context.

As used herein, by a “subject” is meant an tndividual. Thas, the “subject” can include
domesticated animals (e.g., cats, dogs, etc.), livestock {e.g., cattle, horses, pigs, sheep, goats,
etc.), laboratory animals (e.2., mouse, rabbit, rat, guinea pig, etc }, and birds. “Subject” can also
include a mammal, such as a primate or a human. Thus, the subject can be a human or veterinary
patient. The terro “patient” refers to a subject under the treatment of 4 clinician, e.g., physician,

The term “inhibit” refers to a decrease in an activity, response, condition, disease, or
other biological parameter. This can include but is not limited to the complete ablation of the
activity, response, condition, or disease. This can also include, for example, a 10% reduction in
the activity, response, condition, or disease as compared to the native or control level. Thus, the
reduction can be a 10, 20, 30, 40, 50, 66, 70, 80, 90, 100%, or any amount of reduction in
between as compared to native or control levels.

By “reduce” or other forms of the word, such as “reducing” or “reduction,” 1s meant
fowering of an event or characteristic {e.g., tumor growth). It is understood that this is typically
in relation to some standard or expected value, in other words i is relative, but that it is not

always necessary for the standard or relative value to be referred to. For example, “reduces

11



1

-

0

30

WO 2023/086365 PCT/US2022/049369

tumor growth” means reducing the rate of growth of a tumor relative to a standard or a control.

By “prevent” or other forms of the word, such as “preventing” or “prevention,” is meant
to stop a particular event or characteristic, to stabilize or delay the development or progression of
a particular event or characteristic, or to minimize the chances that a particular event or
characteristic will occur. Prevent does not require comparison to a control as it 1s typically more
absolute than, for example, reduce. As used herein, something could be reduced but not
prevented, but something that is reduced could also be prevented. Likewise, something could be
prevented but not reduced, but something thai is prevented could also be reduced. It is
understood that where reduce or prevent are used, unless specifically indicated otherwise, the use
of the other word 1s also expressly disclosed. For example, the terms “prevent” or “suppress” can
refer to a treatment that forestalls or slows the onset of a disease or condition or reduced the
severity of the disease or condition. Thus, if a treatment can treat a disease in a subject having
symptoms of the disease, it can also prevent or suppress that disease in a subject who has yet to
suffer some or all of the symptoms.

The term “treatment” refers to the medical management of a patient with the intent to
cure, ameliorate, stabilize, or prevent a disease, pathological condition, or disorder. This term
includes active freatment, that is, treatment directed specifically toward the improvement of a
disease, pathological condition, or disorder, and also tncludes causal treatment, that is, treatment
directed toward removal of the cause of the associated disease, pathological condition, or
disorder. In addition, this term includes paliiative treatment, that is, treatment designed for the
relief of symptoms rather than the curing of the disease, pathological condition, or disorder,
preventative treatment, that is, treatment directed to minimizing or partially or completely
inhibiting the development of the associated disease, pathological condition, or disorder; and
supportive treatment, that is, treatment employed to supplement another specific therapy directed
toward the improvement of the associated disease, pathological condition, or disorder. By way of

93 4C

example, in the context of fibrotic conditions, “treating,” “treat,” and “treatment” as used herein,

refers to partially or completely inhibiting or reducing the fibrotic condition which the subject is

suffering. In one embodiment, this term refers to an action that occurs while a patient is suffering
from, or is diagnosed with, the fibrotic condition, which reduces the severity of the condition, or

retards or slows the progression of the condition. Treatment need not result in a complete cure of
the condition; partial inhibition or reduction of the fibrotic condition is encompassed by this

term.

12
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The term “therapeutically effective amount” refers to the amount of the composition used
is of sufficient quantity to ameliorate one or more causes or symptoms of a disease or disorder.
Such amelioration only requires a reduction or alteration, not necessarily elimination.

The term “pharmaceutically acceptable” refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings and animals without excessive
toxicity, irritation, allergic response, or other problems or complications comrensurate with a
reasonable benefit/risk ratio.

The term “anticancer” refers to the ability to treat or control cellular proliferation and/or
tumor growth at any concentration,

As used herein, “molecular weight” refers to number average molecular weight as
measured by 'H NMR spectroscopy, unless indicated otherwise.

As used herein, the term “delivery” encompasses both local and systemic delivery. For
example, delivery of mRNA encompasses situations in which an mRNA is delivered to a target
tissue and the encoded protein or peptide ts expressed and retained within the target tissue {also
referred to as “local distribution” or “local delivery™), and situations in which an mRNA is
delivered to a target tissue and the encoded protein or peptide is expressed and secreted into
patient's circulation system {e.g., serum) and systematically distributed and taken up by other
tissues {also referred to as “systemic distribution” or “systemic delivery},

As used herein, the term “encapsuiation,” or grammatical equivalent, refers to the process
of confining an individual nucleic acid molecule within a nanoparticle.

As used herein, “expression” of a mRNA refers to translation of an mRNA into a peptide
{e.g., an antigen}, polypeptide, or protein {e.g., an enzyme) and also can include, as indicated by
context, the post-translational modification of the peptide, polypeptide or fully assembled protein
{e.g., enzyme}. In this application, the terms “expression” and “production,” and grammatical
equivalent, are used inter-changeably.

As used herein, the term “messenger RNA (mRNAY refers to a polynucleotide that
encodes at least one pepiide, polypeptide or protein. mRNA as used hergin encompasses both
modified and unmodified RNA. mRNA may contain one or more coding and non-coding
regions. oRNA can be purified from natural sources, produced using recombinant expression
systems and optionally purified, chemically synthesized, etc. Where appropriate, e.g., in the case
of chemically synthesized molecules, mnRNA can comprise nucleoside analogs such as analogs

having chemically modified bases or sugars, backbone modifications, etc. An mRNA sequence

1
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is presented in the 5’ to 3' direction unless otherwise indicated. In some embodiments, an mRNA
is or comprises natural nucleosides (e.¢., adenosine, guanosine, cytidine, uridine}; nucleoside
analogs {e.g., 2-amincadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl
adenosine, S-methyleytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine, Z-aminoadenosine,
CS5-bromouridine, C3-flucrouridine, CS-iodoundine, C-propynyl-uridine, CS-propynyl-
cytidine, C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosing, 7-deazaguanosine, 8-
oxcadenosing, 8-oxoguanosine, {6} -methylguanine, 2-thiocytidine, pseudouridine, and 5-
methyleytidine); chernically modified bases; biologically modified bases (e.g., methylated
bases); intercalated bases; modified sugars (e g, 2'-flucroribose, ribose, 2'-deoxyribose,
arabinose, and hexose); and/or modified phosphate groups {e.g., phosphorothicates and 5'-N-
phosphoramidite linkages).

As used herein, the term “nucleic acid,” in its broadest sense, refers to any compound
and/or substance that is or can be incorporated into a polynucleotide chain. In some
embodiments, a nucleic acid is a compound and/or substance that is or can be incorporated into a
polynucleotide chain via a phosphodiester linkage. In some embodiments, “nucleic acid” refers
to individual nucleic acid residues (e.g., nucleotides and/or nucleosides). In some embodiments,
“nucleic acid” refers to a polynucleotide chain comprising individual nucleic acid residues. In
some embodiments, “nucleic acid” encompasses RNA as well as single and/or double-stranded
DNA and/or cDNA. Furthermore, the terms “nucleic acid,” “DNA,” “RNA,” and/or similar
terms include nucleic acid analogs, i.e., analogs having other than a phosphodiester backbone.

Chemical Definitions

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs.

The organic moieties mentioned when defining variable positions within the general
formulae described herein {e.g., the term “halogen™} are collective terms for the individual
substituents encompassed by the organic moiety. The prefix Co-Cm preceding a group or moiety
indicates, in each case, the possible number of carbon atoms in the group or motety that follows.

The term “ion,” as used herein, refers to any molecule, portion of a molecule, cluster of
molecules, molecular complex, molety, or atom that contains a charge {positive, negative, ot
both at the same time within one molecule, cluster of molecules, molecular complex, or moiety
{(e.g., zwitterions)) or that can be made to contain a charge. Methods for producing a charge in a

molecule, portion of a molecule, cluster of molecules, molecular complex, moiety, or atom are
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disclosed herein and can be accomplished by methods known in the art, e g., protonation,
deprotonation, oxidation, reduction, alkylation, acetylation, esterification, de-esterification,
hydrolysis, etc.

The term “anion” is a type of ion and is included within the meaning of the term “ion.”
An “anton” is any molecule, portion of a molecule (e g., zwitterion), cluster of molecules,
molecular complex, moiety, or atom that contains a net negative charge or that can be made to
contain a net negative charge. The term “anion precursor” is used herein to specifically referto a
molecule that can be converted to an anion via a chemical reaction {e.g., deprotonation).

The term “cation” is a type of ion and is included within the meaning of the term “ion.”
A “cation” is any molecule, portion of a molecule {e.g., zwitterion), cluster of molecules,
molecular complex, moiety, or atom, that contains a net positive charge or that can be made to
contain a net positive charge. The term “cation precursor” is used herein to specifically referto a
molecule that can be converted to a cation via a chemical reaction {e.g., protonation or
atkylation).

As used herein, the term “substituted” is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents include
acyclic and cyclie, branched and unbranched, carbocyclic and heterocyclic, and aromatic and
nonaromatic substituents of organic compounds. Hustrative substituents include, for example,
those described below. The permissible substituents can be one ot more and the same or
different for appropriate organic compounds. For purposes of this disclosure, the heteroatoms,
such as nitrogen, can have hydrogen substituents and/or any permissible substituents of organic
compounds described herein which satisfy the valencies of the heteroatoms. This disclosure is
not intended to be lirnited 10 any manner by the permissible substituents of organic compounds.
Also, the terms “substitution” or “substituted with” include the implicit proviso that such
substitution 18 in accordance with permitted valence of the substituted atom and the substituent,
and that the substitution results in a stable compound, e.g., a compound that does not
spontaneousty undergo transformation such as by rearrangement, cyclization, elimination, etc.

wgd 2 ez? 7 g7 7 and “Z% are used herein as generic symbols to represent various
specific substituents. These symbols can be any substituent, not limited to those disclosed herein,
and when they are defined to be certain substituents in one instance, they can, in another
instance, be defined as some other substituents.

The term “aliphatic” as used herein refers to a non-aromatic hydrocarbon group and

includes branched and unbranched, alkyl, alkenvl, or alkynyl groups.

1
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As used herein, the term “alkyl” refers to saturated, straight-chained or branched
saturated hydrocarbon moieties. Unless otherwise specified, Ci-Cu {e.g., Ci-Cn, C1-Cao, C1-Ci3,
Ci-Cho, C1-Cua, Ci-Cr2, C1-Cro, C1-Cs, Ci-Cs, or C1-Cy) alkyl groups are intended. Examples of
alkyl groups include methyl, ethyl, propyl, 1-methyl-ethyl, butyl, 1-methyl-propyl, Z-methyl-
propyl, 1, 1-dimethyl-ethyl, pentyl, I-methyl-butyl, 2-methyl-butyl, 3-methyi-butyl, 2.2~
dimethyl-propyl, 1-ethyl-propyl, hexyl, 1,1-dimethyl-propyl, 1,2-dimethyl-propyl, 1-methyl-
pentyl, 2-methyi-pentyl, 3-methyl-pentyl, 4-methyl-pentyl, 1, 1-dimethyl-butyl, 1 2-dimethyl-
butyl, 1,3-dimethyl-butyl, 2.2-dimethyl-butyl, 2,3-dimethyi-butyl, 3,3-dimethyl-buty], 1-ethyi-
butyl, Z-ethyl-butyl, 1,1,2-trimethyl-propyl, 1,2, 2-trimethyl-propyl, -ethyl-1-methyl-propyl, -
ethyl-2-methyl-propyl, heptyl, octyl, nonvl, decyl, dodecyl, tetradecyl, hexadecyl, etcosyi,
tetracosyl, and the like. Alkyl substituents may be unsubstituted or substituted with one or more
chemical moieties. The atkyl group can be substituied with one or morte groups including, but
not limited to, hydroxyl, halogen, acetal, acyl, alkyl, alkoxy, alkenyl, alkynyl, aryl, hetercasyl,
aldehyde, amino, cyano, carboxylic acid, ester, ether, carbonate ester, carbamate ester, ketone,
nitro, phosphonyl, silyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol, as described below,
provided that the substituents are sterically compatible and the rules of chemical bonding and
strain energy are satisfied.

Throughout the specification “alkyl” is generally used to refer to both unsubstituted alkyl
groups and substituted alkyl groups; however, substituted alkyl groups are also specifically
referred to herein by identifying the specific substituent(s) on the alkyl group. For example, the
termo “halogenated alkyl” or “haloalkyl” specifically refers to an alkyl group that is substituted
with one or more halides (halogens; e.g., fluorine, chlorine, bromine, or iodine). The term
“alkoxyalkyl” specifically refers to an alkyl group that is substituted with one or more alkoxy
groups, as described below. The term “alkylamino” specifically refers to an alkyl group that is
substituted with one or more amine groups, as described below, and the like. When “alkyl” is
used in one instance and a specific term such as “alkylalcohol” is used in another, it is not meant
to tmply that the term “alky!l” does not also refer to specific terms such as “alkylalcohol” and the
like.

This practice is also used for other groups described herein. That is, while a term such as
“eycloalkyl” refers to both unsubstituted and substituted cycloalkyl moieties, the substituted
moieties can, in addition, be specifically identified herein; for example, a particular substituted
cycloalkyl can be referred to as, e.g., an “alkyleycloalkyl” Similarly, a substituted alkoxy can be

specifically referred to as, e.g., a “halogenated alkoxy,” a particular substituted alkenvi can be,
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e.g., an “alkenylalcohol,” and the like. Again, the practice of using a general term, such as
“cycloalkyl,” and a specific term, such as “alkyicycloalkyl,” is not meant to imply that the
general term does not also include the specific term.

As used herein, the term “alkeny!l” refers to unsaturated, straight-chained, or branched
hydrocarbon moieties containing a double bond. Unless otherwise specified, Co-Cas (e.g., C2-Caz,
C2-Cao, C2-Cis, Ca-Cre, £2-Crs, C2-C1a, C2-Cro, C2-Cs, C2-Cs, or C2-Ca) alkenyl groups are
intended. Alkenyl groups may contain more than one unsaturated bond. Examples include
ethenyl, I-propenyl, 2-propenyl, 1-methylethenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-methyi-1-
propenyl, 2-methyl-1-propenyl, I-methyl-2-propenyl, 2-methyl-2-propenyi, 1-pentenyl, 2-
pentenyl, 3-pentenyl, 4-pentenyl, 1-methyl-1-buteny], 2-methyl-1-butenyl, 3-methyl-1-butenyi,
I-methyl-2-butenyl, Z-methyl-2-butenyl, 3-methyl-2-butenyl, t-methyi-3-butenyl, 2-methyl-3-
butenyl, 3-methyl-3-butenyl, 1, l-dimethyl-2-propenyl, 1,2~-dimethyl-1-propenyl, 1,2-dimethyl-2-
propenyl, t-ethyl-1-propenyl, 1-ethyl-2-propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl,
S-hexenyl, 1-methyl-1-pentenyl, 2-methyl-1-pentenyl, 3-methyl-1T-pentenyl, 4-methyl-i-
pentenyl, I-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-methyl-2-pentenyl, 4-methyl-2-pentenyl,
I-methyl-3-pentenyl, 2-methyl-3-pentenyl, 3-methvl-3-pentenyl, 4-methyl-3-pentenyl, I-methyl-
4-pentenyl, 2-methyl-4-pentenyl, 3-methyl-4-pentenyl, 4-methyl-4-pentenyl, 1,1-dimethyl-2
butenyi, 1,1-dimethyl-3-butenyl, 1,2-dimethyl-1-butenyl, 1,2-dimethyl-2-butenyl, 1,2-dimethyl-
3-butenyl, 1,3-dimethyl-1-butenyl, 1,3-dimethyl-2-butenyl, 1,3-dimetbyl-3-butenyl, 2,2~
dimethyim?s -butenyl, 2,3-dimethyl-1-butenyl, 2 3-dimethyl-2-butenyl, 2,3-dimethyl-3-butenyl,

S-dimethyl-1-butenyl, 3 3-dimethyi-2-butenyl, 1-ethyl-1-butenyl, T-ethyl-2-butenyl, I-ethyl-3-
butenyi, 2-ethyl-1-butenyl, 2-ethyl-2-butenyl, 2-ethyl-3-butenyl, 1,1,2-trimethyl-2-propenyl, |
ethyl-1-methyl-2-propenyi, 1-ethyl-2-methyl-1-propenyl, and 1-ethyl-2Z-methyl-2-propenyl. The
term “vinyl” refers to a group having the structure ~CH=CHoa; 1-propenyl refers to a group with
the structure —-CH=CH-CH3; and 2-propenyl refers to a group with the structure —CH2-CH=CHa.
Asymmetric structures such as (Z'Z)C=C(Z7") are intended to include both the /< and 7
isomers. This can be presumed in structural formulae herein wherein an asymmetric alkene is
present, or it can be explicitly indicated by the bond symbol U=C. Alkeny! substituents may be
unsubstituted or substituted with one or more chemical moieties. Examples of suitable
substituents include, for example, alkyl, alkoxy, alkenyl, alkynyi, aryl, hetercaryl, acetal, acyl,
aldehyde, amino, cyano, carboxylic acid, ester, ether, carbonate ester, carbamate ester, halide,

hydroxyl, ketone, nitro, phosphonyl, silyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol, as
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described below, provided that the substituents are sierically compatible and the rules of
chemical bonding and strain energy are satisfied.

As used herein, the term “alkynyl” represents straight-chained or branched hydrocarbon
maoieties containing a triple bond. Unless otherwise specified, C2-Caa {e.g., C2-Cas, C2-Cao, Ca-
Cie, Co-Cus, Co-Cua, C2-Cia, Ca-Cro, Ca-Cs, Ca-Cs, or C2-Ca) alkynyl groups are intended.
Alkynyl groups may contain more than one unsaturated bond. Examples include Co-Co-alkynyt,
such as ethynyl, 1-propynyl, 2-propynyl {or propargyl), 1-butynyl, 2-butynyl, 3-butynyl, 1-
methyl-2-propynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 3-methyl-1-butynyl, -
methyl-2-butynyi, 1-methyl-3-butynyl, Z-methyl-3-butynyl, 1,1-dimethyl-Z-propynyl, 1-ethyi-2-
propyayl, 1-hexynyl, 2-hexyoyl, 3-hexyuyl, 4-hexynyl, 3-hexynyl, 3-methyl-1-pentyoyl, 4-
methyl-1-pentynyl, 1-methyl-2-pentynyl, 4-methyl-2-pentynyl, 1-methyi-3-pentynyl, 2-methyl-
3-pentyoyl, T-methyl-4-pentynyl, 2-methyl-4-pentynyl, 3-methyl-4-pentynyl, 1,1-dimethyl-2-
butynyl, 1,1-dimethyi-3-butynyl, 1,2-dimethyl-3-butyanyl, 2,2-dimethyl-3-butynyl, 3 3-dimethyl-
-butynyl, 1-ethyl-2-butynyl, 1-ethyl-3-butynyl, 2-ethyl-3-butynyl, and 1-ethyl-1-methyl-2-
propynyl. Alkynyl substituents may be unsubstituted or substituted with one or more chemical
moieties. Examples of suitable substituents include, for example, alkyl, alkoxy, alkenyi, alkynyl,
arvl, heteroaryl, acetal, acyl, aldehyde, amino, cyano, carboxvlic acid, ester, ether, carbonate
ester, carbamate ester, halide, hydroxyl, ketone, nitro, phosphonyl, silyl, sulfo-oxo, sulfonyl,
sulfone, sulfoxide, or thiol, as described below.

>

As used herein, the term “aryl,” as well as derivative terms such as aryloxy, refers to
groups that include a monovalent aromatic carbocyclic group of from 3 to 50 carbon atoms. Aryl
groups can include a single ring or multiple condensed rings. In some embodiments, aryl groups
include Ce-Cro aryl groups. Examples of arvl groups include, but are vot limited to, benzene,
phenyl, biphenyl, naphthyl, tetrahydronaphthyl, phenylcyclopropyl, phenoxybenzene, and
indanyl. The term “aryl” also includes “heteroaryvl,” which is defined as a group that contains an
aromatic group that has at least one heteroatom incorporated within the ring of the aromatic
group. Examples of heteroatoms include, but are not limited to, nitrogen, oxygen, sulfur, and
phosphorus. The term “non-heteroaryl,” which is also included in the term “aryl)” defines a
group that contains an aromatic group that does not contain a heteroatom. The aryl substituents
may be unsubstituted or substituted with one or more chemical ruoieties. Exarmples of suttable
substituents include, for example, alkyvl, alkoxy, alkenyl, alkynyl, aryl, heterocaryl, acetal, acvi,
aldehyde, amino, cyano, carboxylic acid, ester, ether, carbonate ester, carbamate ester, halide,

hydroxyl, ketone, nitro, phosphonyl, silyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol as
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described herein. The term “biaryl” is a specific type of aryl group and is included in the
definition of aryl. Biaryl refers to two aryl groups that are bound together vig a fused ring
structure, as in naphthalene, or are attached via one or more carbon-carbon bonds, as in biphenyl.

The term “cycloalkyl” as used herein is a non-aromatic carbon-based ring composed of at
feast three carbon atoms. Examples of cyclealkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. The term “heterocycloalkyl” is a
cycloalkyl group as defined above where at least one of the carbon atoms of the ring 18
substituted with a hetercatom such as, but not hmited to, nitrogen, oxygen, sulfur, or
phosphorus. The cycloalkyl group and heterocycloalky! group can be substituted or
unsubstituted. The cycloalkyl group and heterocycloalkyl group can be substituted with one or
more groups including, but not limited to, alkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, acetal,
acyl, aldehyde, amino, cyano, carboxylic acid, ester, ether, carbonate ester, carbamate ester,
halide, hydroxyl, ketone, nitro, phosphonyl, silvl, sulfo-oxo, suifonyl, sulfone, sulfoxide, or thiol
as described herein.

The term “cycloalkenyl” as used herein is a non~aromatic carbon-based ring composed of
at least three carbon atoms and containing at least one double bound, i.e., C=C. Examples of
cycloalkeny! groups include, but are not limited to, cyclopropenvl, cyclobutenyl, cyclopentenyl,
cyclopentadienyl, cyclohexenyl, cyclohexadienyl, and the like. The term “heterocycloalkenyl” is
a type of cycloalkenyl group as defined above and is included within the meaning of the term

3

“cycloalkenyl,” where at least one of the carbon atoms of the ring is substituted with a
heteroatom such as, but not Hruited to, nitrogen, oxygen, sulfur, or phosphorus. The cycloalkeny]
group and heterocycloalkenyl group can be substituted or unsubstituted. The cycloalkenyl group
and heterocycloalkenyl group can be substituted with one or more groups including, but not
limited to, alkyl, alkoxy, alkenyl, alkynvl, aryl, hetercaryl, acetal, acyl, aldehvde, amino, cyano,
carboxylic acid, ester, ether, carbonate ester, carbamate ester, halide, hydroxyl, ketone, nitro,
phosphonyt, silyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol as described herein.

The term “cyclic group” is used herein to refer to either aryl groups, non-aryl groups (i.e.,
cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl groups), or both. Cyclic
groups have one or more ring systems {e.g., monocyclic, bicyclic, tricyclic, polyeyelic, etc ) that
can be substituted or unsubstituted. A cyclic group can contain one or more aryl groups, one or
more non-aryl groups, or one or more aryl groups and one or more non-aryl groups.

The term “acyl” as used herein is represented by the formula —-C(O)Z" where Z' can be a

hydrogen, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, cycleoalkenyl,
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heterocycloalkyl, or heterocycloalkenyl group described above. As used herein, the term “acyl”
can be used interchangeably with “carbonyl.” Throughout this specification “C{0}” or “CO" 15 2
shorthand notation for C=0.

The term “acetal” as used herein is represented by the formula (Z'Z3)C(=027 W =02,
where 2}, 22, 7°, and Z* can be, independently, a hydrogen, halogen, hydroxyl, alkyl, alkenyl,
alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenvl, heterocycloalkyl, or heterocycloalkeny! group
described above.

The term “alkanol” as used herein is represented by the formula Z'OH, where 7! can be
an alkyl, alkenyl, alkynyl, arvl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or
heterocycloalkenyl group described above.

As used herein, the term “alkoxy” as used herein is an alkyl group bound through a
single, terminal ether linkage; that s, an “alkoxy” group can be defined as to a group of the
formula Z2*-0-, where 7' is unsubstituted or substituted alkyl as defined above. Unless otherwise
specified, alkoxy groups wherein Z' is a Ci-Cas (e.g., C1-Caz, C1-Cao, C1-Cra, C1-Cis, C1-Cra, Ci-
Ciz, Ci-Cug, C1-Cs, Ci-Us, or {1-Ca) alkyl group are intended. Examples include methoxy,
ethoxy, propoxy, F-methyl-ethoxy, butoxy, l-methyl-propoxy, 2-methyl-propoxy, 1, 1-dimethyl-
ethoxy, pentoxy, -methyl-butyloxy, 2-methyl-butoxy, 3-methyl-butoxy, 2,2-di-methvl-propoxy,
1-ethyi-propoxy, hexoxy, 1, l-dimethyl-propoxy, 1,2-dimethyl-propoxy, 1-methyl-pentoxy, 2-
roethyl-pentoxy, 3-mwethyl-pentoxy, 4-methyl-penoxy, I.1~-dimethyl-butoxy, 1,2-dirvethyl-
butoxy, 1,3-dimethyl-butoxy, 2,2-dimethyl-butoxy, 2,3-dimethyl-butoxy, 3,3-dimethyl-butoxy,
i~ethyl-butoxy, 2-ethylbutoxy, 1,1, 2-trimethyl-propoxy, 1,2,2-ttimethyl-propoxy, 1-ethyl-1-
methyl-propoxy, and 1-ethyl-2-methyl-propoxy.

The term “aldehvde” as used herein s represented by the forrmoula —C{O)H. Throughout
this specification “C(QO}” is a shorthand notation for C=0.

The terms “amine” or “amino” as used herein are represented by the formula —NZ1Z273,
where 7!, 77, and Z* can each be substitution group as described herein, such as hydrogen, an
atkyl, atkenyl, atkynyl, aryl, heteroaryl, cycloalkyl, cveloalkenyl, heterocycloalkyl, or
heterccyeloalkenyl group described above.

The terms “amide” or “amido” as used herein are represented by the formula —
C{OWNZ'Z?, where Z! and Z7 can each be substitution group as described herein, such as
hydrogen, an alkyl, alkenyl, alkynyl, aryl, hetercaryl, cycloalkyl, cycloatkenyl, heterocycloalkyl,

or heterocycloalkenyli group described above.
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The term “anhydride” as used herein is represented by the formula Z1C(OYOC(OYZ?
where Z' and Z?, independently, can be an alkyl, alkenyl, alkynyl, arvi, heteroaryl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heterocycloalkenyt group described above.

The term “cyclic anhydride” as used herein is represented by the formula:

where Z! can be an alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, eycloatkenyl,
heterocycloalkyl, or heterocycloalkeny! group described above.

The term “azide” as used herein is represented by the formula —N=N=N,

The term “carboxylic acid” as used herein is represented by the formula —C{OOH.

A “carboxylate” or “carboxyl” group as used herein is represented by the formula
------- COY0-

A “carbonate ester” group as used herein is represented by the formula Z'OC(OY0Z?.

The term “cyano” as used herein is represented by the formula —CN.

The term “ester” as used herein is represented by the formula —OC(OY2! or
—————— C(0)0Z', where Z' can be an alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl,
cycloalkenyl, heterceyeloalkyl, or heterocycloaikenyl group described above.

The term “ether” as used herein is represented by the formula Z'02°, where Z' and 27
can be, independently, an alkyl, alkenyl, alkyoyl, aryl, heteroaryl, cycloalkyl, cycloatkenyl,
heterocycloalkyl, or heterocyeloaikenyl group described above.

The term “epoxy” or “epoxide” as used herein refers to a cyclic ether with a three atom
ring and can represented by the formula:

LS <3

where Z!, 77, 77, and Z% can be, independently, an alkyl, alkenyl, alkynyl, aryl,
heteroaryl, cycloalkyl, cycloatkenyl, heterocycloalkyl, or heterocycloalkenyl group described
above

The term “ketone” as used herein is represented by the formula Z'C{0)2?*, where 2! and
7% can be, independently, an alkyl, alkenyl, alkyoyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heterocycloalkenyl group described above.

The term “halide” or “halogen” or “halo” as used herein refers to fluorine, chlorine,
bromine, and iodine.
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The term “hydroxyl” as used herein is represented by the forroula —OH.

The term “nitro” as used herein is represented by the formula —NO».

The term “phosphonyl” is used herein to refer to the phospho-oxo group represented by
the formula —P(O)}OZ'):, where 2! can be hydrogen, an alkyl, atkenyl, alkynyl, aryl,
heteroaryl, cycloalkyl, cycloalkenyl, heterocyeloalkyl, or heterocycloalkenyl group described
above.

The term “silyl” as used herein is represented by the formula —SiZ'7°7°, where 2!, 2%,
and 7° can be, independently, hydrogen, alkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl,
cycloalkyl, cycloatkenyl, heterocycioalkyl, or heterocycloalkenyl group described above.

The term “sulfonyl” or “sulfone” 18 used berein to refer to the sulfo-oxo group
represented by the formula —S{OhZ', where Z! can be hydrogen, an alkyl, alkenyl, alkynyl,
aryl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocycloaltkeny! group
described above.

The term “sulfide” as used herein is comprises the formula —S—.

The term “thiol” as used herein is represented by the formula —SH.

“RE”CRE R “RE ete., where n is some integer, as used herein can, independently,
possess one or more of the groups listed above. For example, if R! is a straight chain alkyl group,
one of the hydrogen atoms of the alkyl group can optionally be substituted with a hydroxyl
group, an alkoxy group, an amine group, an alkyl group, a halide, and the like. Depending upon
the groups that are selected, a first group can be incorporated within second group or,
alternatively, the first group can be pendant (i ., attached) to the second group. For example,
with the phrase “an alkyl group comprising an amino group,” the amino group can be
incorporated within the backbone of the alkyl group. Alternatively, the amino group can be
attached to the backbone of the alky! group. The nature of the group(s) that is (are) selected will
determine if the first group 18 embedded or attached to the second group.

Unless stated to the contrary, a formula with chemical bonds shown only as solid lines
and not as wedges or dashed lines contemplates each possible sterecisomer or mixture of
sterecisomer {e.g., each enantiomer, each diastereomer, each meso compound, a racemic
mixture, or scalemic mixture).

Componnds

Disclosed herein are compounds and methods of making and use thereof. For example,
disclosed herein are corupositions comprising a compound defined by Formula §, or a

pharmaceutically acceptable salt thereof:
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i
wherein
RY is substituted or unsubstituted C1-Cs alkyl;
R'! is substituted or unsubstituted C1-Cs alkyf;
R RY and R"Y are each independently substituted or unsubstituted Ce-Cao alkyl;
with the proviso that when R is —CsHio— and R is —C3He—, then R*2, RP and RY

i N P NN

are not al angd

with the proviso that when R'® is —CsHio— and R'! is —C3Hs—, then R RY and R™
M Om

In some examples of Formula I, R is a substituted or unsubstituted C2-Ca alkyl. In some

are not ail

examples of Formula I, R is a substituted or unsubstituted Cs alkyl. In some examples of
Formula 1, R' is an unsubstituted C2-Cs alkyl. In some examples of Fornula I, R is an
unsubstituted Cs alkyl,

In some examples of Formula I, RY is an unsubstituted C1-Cs alkyl. In some examples of
Formula I, R'” is a substituted Ci1-Cs alkyl or an unsubstituted C1-Ca alkyl Tn some examples of
Formula I, R'Y is an unsubstituted Ci-Cs alkyl.

In some examples of Formula I, R' is an unsubstituted Cz alkyl and R* is an
unsubstituted C1-Cs alkyl. In some examples of Formula I, R is an unsubstituted Cs alkyl and
R s an unsubstituted C1-Cs atkyl.

in some examples of Formula I, R, R¥ and R™ are each independently a substituted or
unsubstituted Cio-Cis alkyl. In some examples of Formula I, R'?, RY and RY are each
independently a linear or branched unsubstituted Cio-Cis alkyl. o some examples of Formula 1,
R RY and R' are each independently a linear or branched substituted Ci0-Cis alkyl. In some
examples of Formula I, R RY, and R™ are each independently a linear or branched Cio-Cis
alkyl substituted with one or more substituents selected from the group consisting of ester, ether,
acetal, carbonate ester, and carbamate ester. In some examples of Formuda I, R, R and R™

are independently selected from the group consisting of:
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examples of Formula I RY RY and R are each the same.

, and pharmaceutically acceptable salts thereof In some

In some examples of Formula I, R' is an unsubstituted Cs alkyl; R is an unsubstituted
Ci-Cs alkyl: and R*2, RY and R are independently a linear or branched Cio-Cre alkyl
substituted with one or more substituents selected from the group consisting of ester, ether,

10 acetal, carbonate ester, and carbarmate ester. In some examples of Formula I, RM is an
unsubstituted Cs alkyl; R'0 is an unsubstituted Ci-Cs alkyl; and R* RY and R' are
independently a linear or branched Cio-Cis alkyl substituted with one or more substituents
selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester.

In some examples, the compound is defined by Formula I-A, or a pharmaceutically

15 acceptable salt thereof:

I-A
wherein
R 15 substituted or unsubstituted C1-Cs alkyl;
20 R RY and R are each independently substituted or unsubstituted Ce-Cao alkyl;
with the proviso that when R is —CsHio—, then R'2, R, and R are not ali
KON

with the proviso that when R' is —CsHio— then R** RY, and R" are not ali
) N \/E/Of\,ﬁ
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In sorue examples of Formula I-A, RY is an unsubstituted C1-Cs alkyl. In some examples
of Formula I-A, R' is a substituted Ci-Cs alkyl or an unsubstituted C1-Cs alkyl. In some
examples of Formula I-A, RY is an unsubstituted C1-Cs alkyl.

In some examples of Formula I-A, R' is an unsubstituted C1 alkyl fn some examples of
Formula I-A, R' is an unsubstituted C» alkyl. In some examples of Formula I-A, R is an
unsubstituted C atkyl. In some examples of Formula I-A, R'" is an unsubstituted Cs alkyl In
some examples of Formula I-A, RY is an unsubstituted Cs alkyl.

In some examples of Formula I-A, R R and R' are each independently a substituted
or unsubstituted C10-Ciz alkyl. In some examples of Formula I-A, R* RY, and R™ are each
independently a linear or branched unsubstituted Cio0-Cis altkyl. In some examples of Formula I-
A, RY R" and R' are each independently a linear or branched substituted C1o-Ciz alkyl. In
sorme examples of Formula I-A, RY? RY, and RY are each independently a linear or branched
Cio-Cis alkyl substituted with one or more substituents selected from the group consisting of
ester, ether, acetal, carbonate ester, and carbamate ester. In some examples of Formula I-A, R,

R and R are independently selected from the group consisting of

HON NN Mom
O

8]
WQ/EJ\OW%\ ‘ :}{N\,MO/EL\OM/\\

MD.Q

A ad ©
’ WQ/H\(}/\\/“\/’\\/\\/’\\

W\Q/I\Q/WM ’ MAQ’J\QA\//\\/\ )

PO /\O/\O’W, and pharmaceutically acceptable salts thereof. In some
examples of Formula I-A, R¥2 RE and R are each the same.

In some examples of Formula I-A, R' is an unsubstituted C1-Cs alkyl; and R'*) RY and
R are independently a linear or branched Cio-Cis alkyl substituted with one or more
substituents selected from the group consisting of ester, ether, acetal, carbonate ester, and
carbamate ester. In some examples of Formula I-A, R' is an unsubstituted C1-Ca alkyl; and R',
R and R are independently a linear or branched Cio-Cie alkyl substituted with one or more
substituents selected from the group consisting of ester, ether, acetal, carbonate ester, and

carbamate ester.
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Tu sorve examples, the coropound is defined by Formula I-B, or a pharmaceutically

acceptable salt thereof:

R12 RTS
4 .
HQ/\MHNV/\MNVRM
I-B

5 wherein
n is an integer from 1 to 5; and
RY R and R are each independently substituted or unsubstituted Cs-Cao alkyl;

with the proviso that when i is 5, then R'? R and R' are not all

Wﬁ'and

5

10 with the proviso that when nis 5, then R'2, RY, and RY are not all

In some examples of Formula I-B, nis an integer of from 1 to 4.
In some examples of Formula I-B, nis 1. lo some examples of Formula I-B, nis 2. In

some examples of Formula I-B, n 15 3. In some examples of Formula I-B, nis 4. In some

e
L4

examples of Formula I-B, nis 5.

In some examples of Formula I-B, R*, RV, and R" are each independently a substituted
or unsubstituted C1o-Ciz alkyl. In some examples of Formula I-B, R*?, RY, and R are each
independently a linear or branched unsubstituted Ci0-Cus alkyl In some examples of Formula I-
B, RY2 RY and R are each independently a linear or branched substituted Cio-Ciz alkyl. In
20 some examples of Formula I-B, R, RY and R™ are each independently a linear or branched
Cio-Crs alkyl substituted with one or more substituents selected from the group consisting of
ester, ether, acetal, carbonate ester, and carbamate ester. In some examples of Formula I-B, R',

R* and R™ are independently selected from the group consisting of:

FON NN NN MO\(\/\) ,

0 0

W\O/EJ\Q/\M/\ 7 }f\/’\\f”\o)l\o”\/\/\ .

26
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SO /\\/\O/\O/\‘/\“/\, and pharmaceutically acceptable salts thereof. In some

examples of Formula I-B, R, R, and R™ are each the same.

in some examples, the compound is defined by Formula I-C, or a pharmaceutically
O\(\/\\‘
O
( M m
HO/\MH N 7\/\/
\/\g/om

-C

acceptable salt thereof’

wherein n is an integer from 1 to 4.
In some examples of Formula I-C, nis 1. Io some examples of Formula I-C, nis 2. In
some examples of Formula I-C, n 15 3. In some examples of Formula I-C, nis 4.
in some examples, the compound is selected from the group consisting of;
M A (/\V PaNa e
A A N NN

/‘\/\/‘\/\/’\\/ 1
HO™ e N \/\\/"v’\\/’\,/‘\/’ HO s AN R N T N

N TN ~

Hc:v"\ﬁv?g WN\//\/»\J‘/’\\//\/A\\// HO"A\(\—}’ o N N N

0N 08
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>

b
~3

>

2
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in some examples, the compound is selected from the group consisting of
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n some examples, the compound is selected from the group consisting of;

N\‘/ﬁ\. /O\/’\f\ \/\,/\\g \./’\\/ \1
i ; i i
,rj MA‘/E//\, \v/\v/‘\ 'A\/ﬁ\\/ f) e
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VN \,M \’/\VM“:(’ NN
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6 '\ E .)) r/\\ TNy r‘i\o/\\,/\\/,\\v/\\

HO ™M NN ~
N
L/\\/\ PN //\V/\ H""‘A{Jﬁ NN

\ i L/\Q')\W\\/’\v’\

pharmaceutically acceptable salts thereof, and combinations thereof.
5 Also disclosed herein are compositions comprising a compound defined by Formula 1,

or a pharmaceutically acceptable salt thereof
R1 7 =] 18
O
/U\ [ 19
HO R‘E TN R16"‘ o
i
wherein
10 R'% is substituted or unsubstituted C1-Cs alkyl;

R is substituted or unsubstituted C1-Cs alkyl;
RY R’ and R" are each independently substituted or unsubstituted Cs-Cao alkyl;

with the proviso that when RY is —CsHio— and R'® is —C3Hs—, then RV R™® and RY
are ot all 2L NN ;and

15 with the proviso that when R* is —CsHio— and RY is —CsHe—, then R R and RY

MQ
are not all \m .

In some examples of Formula 1L, R is a substituted or unsubstituted C2-Cs alkyl. In
some examples of Formula 11, R is a substituted or unsubstituted Cs alkyl. In some examples of
Formula I, R'® is an unsubstituted C2-Cy alkyl. In some examples of Formula If, R' is an

20 unsubstituted Cs alkvl

[9%)
N
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In soroe examples of Formula IE, R is an unsubstituted C1-Cs alkyl. In some examples
of Formula If, RY is a substituted C1-Cs alkyl or an unsubstituted C1-Cs alkyl. In some examples
of Formuta II, R'® is an unsubstituted C1-Ca alkyl.

In some examples of Formula If, R' is an unsubstituted Cz alkyl and R* is an
unsubstituted C1-Cs alkyl. In some examples of Formula 11, RY is an unsubstituted C3 alkyl and
R is an unsubstituted Ci-Cs alkyl.

In some examples of Formula I, RY, R¥® and RY are each independently a substituted or
unsubstituted Cio-Cig alkyl. In some examples of Formula I, R, R™ and RY are each
independently a linear or branched unsubstituted Ci0-Cis alkyl. In some examples of Formula 11
RY R and R™ are each independently a linear or branched substituted Cio-Cis alkyl. In some
examples of Formula I, R'", R*® and R are each independently a linear or branched Cio-Cis
alkyl substituted with one or more substituents selected from the group consisting of ester, ether,
acetal, carbonate ester, and carbamate ester. In some examples of Formula I, R', R and RY

are independently selected from the group consisting of

NN };\/\/\/@/Om :

o 0]

%\,/NQ’H\Q’A\\/W\\/A\ WD/’L\Q/’“\/ TN

\15/ 3{\»/‘\//\())\0/\,/\»/\\/\//\

3‘{‘\/\0/ I\Q/\/’\\/’\\/’\\ ’ }{*\/\VAO/LQ/\V’“\/‘\ *

PN N e .
SO o0 , and pharmaceutically acceptable salts thereof In some

examples of Formula I, RV, R'® and R'? are the same.

In soroe examples of Formula 11, R is an unsubstituted Cs alkyl; R is an unsubstituted
C:-Cs alkyl: and RV, R'® and R'® are each independently a linear or branched C16-Ciz alkyl
substituted with one or more substituents selected from the group consisting of ester, ether,
acetal, carbonate ester, and carbamate ester. In some examples of Formula I, R¥is an
unsubstituted C3 alkyl; R' is an unsubstituted C;-Ca alkyl; and RY, R'® and R' are each
independently a linear or branched Cio-Cis alkyl substituted with one or more substituents

selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester.

(a2
NS
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in some examples, the compound is defined by Formula I-A, or pharmaceutically

acceptable salts thereof’

R17 R18
O
N N( R19
HO SR ST
H-A

wherein
R'% is substituted or unsubstituted C1-Cs alkyl;
RY RY™ and R"Y are each independently substituted or unsubstituted Ce-Cao alkyl;
with the proviso that when R is —CsHio—, then RY7, R and RY are not all
BV N N

HN ; and

with the proviso that when RY is —CsHio—, then RY7, R'™, and RY are not ali

2NN "\/EQ\C\/W

In some examples of Formula H-A, R' is an unsubstituted C1-Cs alkyl. In some
examples of Formula II-A, R is a substituted C1-Cs alkyl or an unsubstituted C1-Cs alkyl. In
some examples of Formula I-A, RY is an unsubstituted C1-Ca alkyl.

In some examples of Formula II-A, RY an unsubstituted Ci alkyl. In some examples of
Formula II-A, RY an unsubstituted C2 alkyl. In some examples of Formula II-A, R an
unsubstituted Cs alkyl. In some examples of Formula 1I-A, RY an unsubstituted Cy alkyl In
some examples of Formula II-A, R" an unsubstituted Cs alkyl.

In soroe examples of Formula I1-A, R, R™ and RY are each independently a substituted
or unsubstituted Cio-Cis alkyl. In some examples of Formula Il-A, RY, R'® and R'? are each
independently a linear or branched unsubstituted Cio-Cis alkyl In some examples of Formula 1i-
A, R R™ and RY are each independently a linear or branched substituted C10-Cis alkyl In
some examples of Formula 1A, RY, R'® and R" are each independently a linear or branched
Cio-Cis alkyl substituted with one or more substituents selected from the group consisting of
ester, ether, acetal, carbonate ester, and carbamate ester. In some examples of Formula II-A, RV,

R' and R are independently selected from the group consisting of”

[99)
25
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examples of Formula II-A, RY7, R*® and R are the same.

, and pharmaceutically acceptable salts thereof In some

in some examples of Formula II-A, R' is an unsubstituted C1-Cs alkyl; and RV, R*¥ and
RY are each independently a linear or branched Cio-Cis alkyl substituted with one or more
substituents selected from the group consisting of ester, ether, acetal, carbonate ester, and
carbamate ester. In some examples of Formula II-A, R is an unsubstituted C1-Cy alkyl; and RY,
R*™ and R" are each independently a linear or branched Cio-Cis alkyl substituted with one or
more substituents selected from the group consisting of ester, ether, acetal, carbonate ester, and
carbamate ester.

In some examples, the compound is defined by Formula H-B, or a pharmaceutically

acceptable salt thereof:

R‘[? R'HS
O
(e
HOJ\H{T} N
H-B

wherein

m is an integer from 1 10 5,

RY R™ and R are each independently substituted or unsubstitted Ce-Cao alkyl;
with the proviso that when m is S, then RY, R™® and R'? are not all

HON NN

with the proviso that when n is 5, then R', R'® and R are not all

[9%]
O
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Tu sorve examples of Formula II-B, m is an integer of from 1 to 4.

In some examples of Formula H-B, mis 1. In some examples of Formula H-B, mis 2. In
some exaraples of Formula H-B, m is 3. In some examples of Formula II-B, m s 4. In some
examples of Formula [I-B, m is 5.

In some examples of Formula II-B, R, RY and RY are each independently a substituted
or unsubstituted Cio0-Cis alkyl. In some examples of Formula H-B, RY R'™, and R" are each
independently a linear or branched unsubstituted Cwo-Cie alkyl In some examples of Formula [i-
B, RY R and RY are each independently a linear or branched substituted Cio-Cie alkyl. In
some examples of Formula II-B, RY, R'®, and R'® are each independently a linear or branched
Cio-Ciz alkyl substituted with one or more substituents selected from the group consisting of
ester, ether, acetal, carbonate ester, and carbamate ester. In some examples of Formula II-B, RV,

R and R" are independently selected from the group consisting of’

HON NN NN M”\/\go\[\/j

o ]
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}’{'\\/\\/OE'OM”\/\V/

o
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2
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wherein

R is substituted or unsubstituted Ci-Cs alkyl; and

R*! and R?? are each independently substituted or unsubstituted Cs-Cao alkeyl.

In some examples of Formula If, R* is a substituted or unsubstituted C2-Cs alkyl In
some examples of Formula I, R¥ is a substituted or unsubstituted C3 alkyl. In some examples
of Formula I, R is an unsubstituted C2-Cy alkyl In some examples of Formula HI, R* is an
unsubstituted Cs alkyl.

In some examples of Formula 11, R and R are each independently a substituted or
unsubstituted Cio-Ciz alkyl In some examples of Formula L, R*' and R* are each
independently a linear or branched unsubstituted Cio-Cis alkyl. In some examples of Formula I,
R* and R* are each independently a linear or branched substituted Ci6-Ciz alkyl. In some
examples of Formula I, R?*! and R* are each independently a linear or branched Cio-Cis alkyl
substituted with one or more substituents selected from the group consisting of ester, ether,
acetal, carbonate ester, and carbamate ester. In some examples of Formula IIL, R?! and R* are

independently selected from the group consisting of.
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PO /\O/\O’W, and pharmaceutically acceptable salts thereof. In some
examples of Formula 111, R2! and R? are the same.

In some examples of Formula IE R* is an unsubstituted Cs alkyl and R*! and R** are
each independently a linear or branched Cro-Cis abloyt substituted with one or more substituents
selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester.

In some examples, the compound is defined by Formula HI-A| or a pharmaceutically

acceptable salt thereof:
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wherein R and R*? are each independently substituted or unsubstituted Cs-Cao alkyl.

In some examples of Formula IH-A, R?! and R* are each independently a substitated or
unsubstituted Cio-Cis alkyl. In some examples of Formula IH-A, R*! and R*? are each
independently a linear or branched unsubstituted Ci1o-Cis alkyl. In some examples of Formula
II-A, R and R* are each independently a linear or branched substituted Cio-Chg alkyl. In some
examples of Formula Hi-A, R?! and R* are each independently a linear or branched Cio-Cie
alkyl substituted with one or more substituents selected from the group consisting of ester, ether,
acetal, carbonate ester, and carbamate ester. In some examples of Formula HI-A, R and R¥ are

independently selected from the group consisting of:
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examples of Formula III-A, R* and R* are the same.
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Also disclosed herein are compositions comprising a compound selected from the group

consisting of:
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pharmaceutically acceptable salts thereof, and combinations thereof.
Lipid Particle
Also disclosed herein is a lipid particle (e.g., one or more lipid particles) comprising any
10 of the compositions disclosed herein.

The lipid particle can be of any shape. (e.g, a sphere, a rod, a quadrilateral, an ellipse, a
triangle, a polygon, etc ). In some examples, the lipid particle can have a regular shape, an
irregular shape, an isotropic shape, an anisotropic shape, or a combination thereof. In some
examples, the lipid particle are substantially spherical in shape.

1S The lipid particles can have an average particle size. “Average particle size” and “mean
particle size” are used interchangeably herein, and generally refer to the statistical mean particle
size of the particles in a population of particles. For example, the average particle size fora
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plurality of particles with a substantially spherical shape can comprise the average diameter of
the plurality of particles. For a particle with a substantially spherical shape, the diameter of a
particle can refer, for example, to the hydrodynamic diameter. As used herein, the hydrodynamic
diameter of a particle can refer to the largest linear distance between two points on the surface of
the particle. Mean particle size can be measured using methods known in the art, such as
evaluation by scanning electron microscopy, transmission electron microscopy, and/or dynamic
light scattering.

The lipid particles can, for example, have an average particle size of 30 nanometers {nm)
or more {e.g., 40 nm or more, 50 nm or more, 60 nm or more, 70 nm or more, 86 nm or more, 90
nm or more, 100 nm or more, 110 nm or more, 120 om or more, 130 nm or more, 140 nm or
more, 150 nm or more, 160 nm or more, 170 nm or more, 180 nm or more, 190 nm or more, 200
am or more, 225 am or more, 250 nm or more, 275 nm or more, 300 nim or more, 325 nm or
more, 350 nm or more, 375 nm or more, 400 sm or more, 425 nm or more, 450 nm or more, 475
nm or more, 500 nm or more, 350 nm or more, 600 nm or more, 650 nm or more, 700 nm or
more, or 750 nny or more). In some examples, the lipid particles can have an average particle
size of 800 nm or less {e.g., 750 nm or less, 700 nm or fess, 650 nm or less, 600 nm or less, 550
am or less, 500 nm or less, 475 nm or less, 450 nm or less, 425 nm or less, 400 nm or less, 375
nm or less, 350 nm or less, 325 nm or less, 300 nm or less, 275 nm or less, 250 nm or less, 225
nm or less, 200 nm or less, 190 nm or less, 180 nm or less, 170 nm or less, 160 nm or fess, 150
nm or less, 140 nm or less, 130 nm or less, 120 nm or less, 110 nm or less, 100 nm or less, 90
nm or fess, 80 nm or less, 70 nm or ess, 60 nm or less, S0 nm or leas, or 40 nm or less). The
average particle size of the lipid particles can range from any of the minimum values described
above to any of the maximum values described above. For example, the lipid particles can have
an average particle size of from 30 nm to 800 nm (e.g., from 30 nm to 425 nm, from 425 nm to
800 nm, from 30 nm to 200 nm, from 200 nm to 400 nm, from 400 nm to 600 nm, from 600 nm
to 800 nm, from 30 am to 800 nm, from 30 nm to 750 am, or from 50 nm to 750 nm).

With respect to particle size distribution characterization, a parameter used to define the
size range of the lipid particles is called the “polydispersity index” (PDI). The term
“polydispersity” {or “dispersity” as recommended by TUPAC) is used to describe the degree of
non-uniformity of a size distribution of particles. PDI s basically a representation of the
distribution of size populations within a given sample. The numerical value of PDI ranges from
0.0 (for a perfectly uniform sample with respect to the particle size) to 1.0 (for a highly

polydisperse sample with multiple particle size populations).
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Tu sorve examples, the lipid particles can have a polydispersity index of 0.5 or less (e g,
0.49 or less, 0.48 or less, 0.47 or less, 0.46 or less, 0.45 or less, 0.44 or less, 0.43 orless, 0.42 or
less, 0.41 or less, 0.40 or less, 0.39 or less, 0.38 or less, 0.37 or less, 0.36 or less, 0.35 or less,
(.34 orless, 0.33 or less, 0.32 or less, 0.31 or fess, .30 or less, 0.29 or less, 0.28 or less, 0.27 or
less, 0.26 orless, 0.25 or less, 0.24 or less, 0.23 or less, 0.22 orless, 0.21 or less, 0.20 or less,
0.1% orless, 0.18 orless, 0.17 or less, 0.16 orless, 0.15 or less, 0.14 or less, 0.13 orless, 0.12 or
fess, 0.11 orless, .10 or less, 0.09 or less, 0.08 or less, 0.07 or less, 0.06 or ess, 0.05 or less,
(.04 or less, 0.03 or less, 0.02 or leas, or 0.01 or less}).

In some examples, the lipid particles can be substantially monodisperse. “Monodisperse”
and “homogeneous size distribution,” as used herein, and generally describe a population of
particles where all of the particles are the same or nearly the same size. As used herein, a
monodisperse distribution refers to particle distributions in which 80% of the distribution {e.g.,
85% of the distribution, 90% of the distribution, or 95% of the distribution) lies within 25% of
the median particle size {e.g., within 20% of the median particle size, within 15% of the median
particle size, within 10% of the median particle size, or within 5% of the median particie size).

In some examples, the lipid particle can further comprise an additional component, such
as an additional lipid. In some examples, the additional lipid can comprise a phospholipid, a
sterol, or a combination thereof

FPharmaceatical Compositions

Also disclosed herein are pharmaceutical compositions comprising any of the compounds
or lipid particles disclosed herein.

For example, also disclosed herein are pharmaceutical compositions comprising a
therapeutic agent encapsulated within any of the hipid particles disclosed herein. For example,
the therapeutic agent can be encapsulated within the lipid particle with an encapsulation
efficiency of 30% or more {(e.g., 35% or more, 40% or more, 45% or more, 30% or more, 55% or
more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or more, 90%
or more, 95% or more, or 99% or more).

The therapeutic agent can, for example, comprise an anticancer agent, an anti-
inflammatory agent, an antimicrobial agent, or a combination thereof. As used herein,
antimicrobials wnclude, for example, antibacterials, antifungals, and antivirals.

Examples of antimicrobial agents include, but are not limited to, alexidine, asphodelin A,
atromentin, auranthine, austrocortiutetn, austrocortirubin, azerizin, chlorbisan, chloroxine,

cidex, cinoxacin, ciireorosein, copper usnate, cupiennin, curvularin, DBNPA, dehydrocurvularin,

52



i

-

0

30

WO 2023/086365 PCT/US2022/049369

desoxyfructo-serotonin, dichloroisocyanuric acid, elaiomycin, holtfreter's solution, malettinin,
naphthomycin, neutrolin, niphimycin, nitrocefin, oxadiazoles, paenibacterin, proclin, ritiometan,
ritipenem, silicone quaternary amine, stylisin, taurolidine, tirandaraycin, trichloroisocyanuric
acid, triclocarban, and combinations thereof.

Examples of antibactenals include, but are not limited to, acetoxyeycloheximide,
aciduliprofundum, actaplanin, actinorhodin, alazopeptin, albomycin, ailicin, allistatin, alliyl
isothiocyanate, ambazone, aminocoumarin, aminoglycosides, 4-aminosalicylic acid, ampicillin,
ansamyecin, anthramycin, antiroycin A, aphidicolin, aplasmomycin, archaeocin, arenicin,
arsphenamine, arylomycin A2, ascofuranone, aspergiilic acid, avenanthramide, avibactam,
azelaic acid, bafiloraycin, bambermycin, beauvericin, benzoyl peroxide, blasticidin S,
bottromyecin, brilacidin, caprazamycin, carbomycin, cathelicidin, cephalosporins, ceragenin,
chartreusin, chromomycin A3, citromycin, clindamycin, clofazimine, clofoctol, clorobiocin,
coprinol, coumermycin Al, cyclic lipopeptides, cycloheximide, cyclosering, dalfopristin,
dapsone, daptomycin, debromomarinone, 17-dimethylaminoethyiamino-17-
demethoxygeldanamycin, echinomycin, endiandric acid C, enediyne, enviomycin, eravacycline,
erythromycin, esperamicin, etamycin, ethambutol, ethionamide, (68)-6-flucroshikimic acid,
fostomycin, fosmidomyein, frinlimicin, furazolidone, furonazide, fusidic acid, geldanamyecin,
gentamycin, gepotidacin, glycyclclines, glycyrrhizol, gramicidin 8, guanacastepene A,
hachimyein, halocyamine, hedamyciv, belquinoline, herbiroycin, hexamethylenetetramine,
hitachimycin, hydramacin-1, isoniazid, kanamycin, katanosin, kedarcidin, kendomycin,
kettapeptin, kidamycin, lactivicin, lactocillin, landomycin, landomycinone, lasalocid, lenapenem,
feptomycin, lincosamides, linopristin, lipiarmycins, macbecin, macrolides, macromomycin B,
maduropeptin, manuopeptimycin glycopeptide, marinone, meciocycline, melafix,
methylenomycin A, methylenomyein B, monensin, moromyein, mupirocin, mycosubtilin,
myriocin, myxopyronin, naphthomycin A, narasin, neocarzinostatin, neopluramycin,
neosalvarsan, necthramyecin, netropsin, nifuroxazide, nifurquinazol, nigericin, nitrofural,
nitrofurantoin, nocathiacin I, novobiocin, omadacycline, oxacepher, oxazolidinones, penicillins,
peptaibol, phytoalexin, plantazolicin, platensimycin, plectasin, pluramycin A, polymixins,
polyoxins, pristinamycin, pristinamycin IA, promin, prothionamide, pulvinone, puromycin,
pyocyanase, pyocyanin, pyrenocine, guestiomycin A, quinolones, quinupristin, ramoplaniy,
raphanin, resistome, reuterin, rifalazil, rifamycins, ristocetin, roseophilin, salinomycin,
salinosporamide A, saptomycin, saquayamycin, seraticin, sideromycin, sodium sulfacetamide,
solasulfone, solithromycin, sparassol, spectinomycin, staurosporine, streptazolin, streptogramin,
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streptogramin B, streptolydigin, streptonigrin, styelin A, sulfonamides, surfactin, surotomycin,
tachyplesin, taksta, tanespimycin, telavancin, tetracyclines, thivacetazone, thiocarlide, thiclatin,
thiostrepton, tobramycin, trichostatin A, triclosan, trimethoprim, trimethoprim, tunicamycin,
tyrocidine, urauchimycin, validamyein, viridicatumtoxin B, valgamyecin, xanthomyein A,
xibornol, amtkacin, amoxicillin, ampicillin, atovaquone, azithromycin, aztreonam, bacitracin,
carbenicillin, cefadroxil, cefazolin, cefdinir, cefditoren, cefepime, cefiderocol, cefoperazone,
cefotetan, cefoxitin, cefotaxime, cefpodoxime, cefprozil, ceftaroline, ceftazidimae, ceftibuten,
ceftizoxime, ceftriaxone, chloramphenicol, colistimethate, cefuroxime, cephalexin, cephradine,
cilastatin, cinoxacin, ciprofioxacin, clarithromycin, clindamycin, dalbavancin, dalfopristin,
daptorycin, demeclocycline, dicloxacillin, doripenem, doxycycline, eravacycline, ertapenem,
erythromycin, fidaxomicin, fosfomycein, gatifloxacin, gemifloxacin, gentamicin, imipenem,
fefamulin, lincomycin, linezolid, lomefloxacin, loracarbef, meropenem, wetronidazole,
minocycline, moxifloxacin, nafcillin, nalidixic acid, neomycin, norfloxacin, ofloxacin,
omadacycline, oritavancin, oxacillin, oxyvtetracycline, paromomycin, penicillin, pentamidine,
piperaciliin, plazomicin, quinupristin, rifaximin, sarecycline, secnidazole, spartioxacin,
spectinomycin, sulfamethoxazole, sulfisoxazole, tedizolid, telavancin, telithromyein, ticarcillin,
tigecycline, tobramycin, trimethoprin, trovafloxacin, vancomycin, and combinations thereof.
Examples of antifungals include, but are not limited to, abafungin, acibenzolar,
acibenzolar-S-methyl, acrisorcin, allicin, aminocandin, amorolfine, amphotericin B,
antdulafungin, azoxystrobin, bacillomycin, bacillus pumilus, barium borate, benomyl,
binapacryl, boric acid, bromine monochloride, bromochlorosalicylanilide, bupirimate,
butenafine, candicidin, caprylic acid, captafol, captan, carbendazim, caspofungin, cerulenin,
chioranil, chlormidazole, chiorophetanol, chlorothalonil, chioroxylenol, chromated copper
arsenate, ciclopirox, cilofungin, cinnamaldehyde, clioquinol, copper(1} cyanide, copper{ii}
arsenate, cruentaren, cveloheximide, davicil, dehydroacetic acid, dicarboximide fungicides,
dichlofluanid, dimazole, diphenylamine, echinocandin, echinocandin B, epoxiconazole,
ethonam, falcarindiol, falearinol, famoxadone, fenamidone, fenarimol, fenpropimorph, fentin
acetate, fenticlor, filipin, fluazinam, fluopicolide, flusilazole, fluxapyroxad, fuberidazole,
griseofulvin, halicylindramide, haloprogin, hamyein, hexachlorobenzene, hexachlorocyclohexa-
2,5~dien~1-one, 3-hydroxy-2(SH)}-furanone, iprodione, fime sulfur, mancozeb, manch, melafix,
metalaxyl, metam sodium, methylisothiazolone, methylparaben, micafungin, miltefosine,
monosodium methyl arsenate, mycobacillin, myclobutanil, natamycin, beta-nitrostyrene,
nystatin, paclobutrazel, papulacandin B, parietin, pecilocin, pencycuron, pentamidine,
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pentachloronitrobenzene, pentachlorophenol, perimycin, 2-phenylphenol, polyene antiroycotic,
propamocarb, propiconazole, pterulone, ptilomycalin A, pyrazophos, pyrimethanil, pyrrolnitrin,
selenium disulfide, sparassol, strobilurin, sulbentine, tavaborole, tebuconazole, terbinafine,
theonellamide F, thymol, tiabendazole, ticlatone, tolciclate, tolnaftate, triadimefon, triamiphos,
tribromometacresol, 2,4,6-tribromophenol, tributyltin oxide, triclocarban, triclosan, tridemorph,
trimetrexate, undecylenic acid, validamycin, venturicidin, vinclozolin, vinyldithiin, vusion,
xanthene, zinc borate, zinc pyrithione, zineb, ziram, voriconazole, itraconazole, posaconazole,
fluconazole, ketoconazole, clotrimazole, isavaconazonium, miconazole, caspofungin,
anidulafungin, micafungin, griseofulvin, terbinafine, flucytosine, terbinafine, nystatin,
amphotericin b, and combinations thereof.

Examples of antivirals include, but are not limited to, afovirsen, alisporivir, angustific
acid, angustifodilactone, alovudine, beclabuvir, 2,3-bis(acetyimercaptomethylquinoxaline,
brincidofovir, dasabuvir, docosanol, fialuriding, ibacitabine, imiquimod, incsine, inosine
pranobex, interferon, metisazone, miltefosine, neokadsuranin, neotripterifordin, ombitasvir,
oragen, oseltamivir, pegvlated interferon, podophytlotoxin, radalbuvir, semapimod, tecovirimat,
telbivudine, theaflavin, tilorone, triptofordin C-2, variecolol, ZMapp, abacavir, acyclovir,
adefovir, amantadine, amprenavir, atazanavir, balavir, baloxavir marboxil, boceprevir, cidofovir,
cobicistat, daclatasvir, darunavir, delavirdine, didanosine, docasanol, dolutegravir, doravirine,
ecoliever, edoxudine, efavirenz, elvitegravir, emiricitabine, enfuvirtide, entecavir, etravirine,
famciclovir, fomivirsen, fosamprenavir, forscarnet, fosnonet, fameiclovir, favipravir, fomivirsen,
foscavir, ganciclovir, tbacitabine, idoxuridine, indinavir, inosine, inosine pranobex, interferon
type 1, interferon type I, interferon type I, lamivudine, letermovir, letermovir, lopinavir,
fovinde, maraviroc, roethisazone, moroxydine, velfinavir, nevirapine, nitazoxanide, oseltamivir,
peginterferon aifa-2a, peginterferon alfa-2b, penciclovir, peramivir, pleconaril, podophylictoxin,
pyramidine, raltegravir, reradesevir, ribavirin, rilpivirine, rimantadine, rintatolimod, ritonavir,
saquinavis, simeprevir, sofosbuvir, stavudine, tarabivirin, telaprevir, telbivudine, tenofovir
alafenarnide, tenofovir disoproxil, tenofovir, tipranavir, trifluridine, trizivir, tromantadine,
umifenovir, valaciclovir, valganciclovir, vidarabine, zalcitabine, zanamivir, zidovudine. and
combinations thereof.

In some examples, the therapeutic agent comprises a viral antigen, a turoor antigen, 4
gene editing component, a protein replacement component, an immunoregulatory agent, or a

combinaiion thereof
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Tu sorve examples, the therapeutic agent comprises an anticancer agent. In some
examples, the therapeutic agent comprises a chemotherapeutic agent, an immunotherapeutic
agent, or a combination thereof,

In some examples, the therapeutic agent can comprise a chemotherapeutic agent.
Chemotherapy is the treatment of cancer with one or more cytotoxic anti-neoplastic drugs {(e.g.,
chemotherapeutic agents) as part of a standardized regimen. Chemotherapy may be given with a
curative intent or it may aim to prolong life or to palliate symptoms. In some cases, it can be
used in conjunction with other cancer treatments, such as radiation therapy, surgery,
fiyperthermia therapy, or a combination thereof. Examples of chemotherapeutic agents include,
but are not hmited to, 13-cis-Retinoic Acid, 2-Amino-6-Mercaptopurine, 2-CdA, 2-
Chlorodeoxyadenosine, 5-fluorouracil, 6-Thioguanine, 6-Mercaptopurine, Accutane,
Actinomycin-B, Adramycin, Adrucil, Agrvlin, Ala-Cort, Aldesleukin, Alemtuzumab,
Alitretinoin, Alkaban-AQ), Alkeran, All-transretinoic acid, Alpha interferon, Altretamine,
Amethopterin, Amifostine, Aminoglutethimide, Anagrelide, Anandron, Anastrozole,
Arabinosylcytosing, Aranesp, Aredia, Arimidex, Aromasin, Arsenic trioxide, Asparaginase,
ATRA, Avastin, BCG, BCNU, Bevacizumab, Bexarotene, Bicalutamide, BICNU, Blenoxane,
Bleomycin, Bortezomib, Busulfan, Busulfex, C225, Calcium Leucovorin, Campath, Camptosar,
Carptothecin-11, Capecitabine, Carac, Carboplatin, Carmustine, Carmusting wafer, Casodex,
CCNU, CBDP, CeeNU, Cerubidine, cetuximab, Chlorambucil, Cisplatin, Citrovorum Factor,
Cladribine, Cortisone, Cosmegen, CPT-11, Cyclophosphamide, Cytadren, Cytarabine,
Cytarabine liposomal, Cytosar-U, Cytoxan, Bacarbazine, Dactinomycin, Darbepoetin alfa,
Daunomycin, Daunorubicin, Daunorubicin hydrochloride, Dauncrubicin liposomal,
DaunoXome, Decadron, Delta-Cortef, Deltasone, Dentleukin diftitox, DepoCyt,
Dexamethasone, Dexamethasone acetate, Dexamethasone sodium phosphate, Dexasone,
Dexrazoxane, DHAD, DIC, Diodex, Docetaxel, Doxil, Doxorubicin, Doxorubicin liposomal,
Drroxia, DTIC, DTIC-Dome, Duralone, Efudex, Eligard, Ellence, Eloxatin, Elspar, Emcyt,
Epirubicin, Epoetin alfa, Erbitux, Erwinia L-asparaginase, Estramustine, Ethyol, Etopophos,
Btoposide, Etoposide phosphate, Eulexin, Evista, Exemestane, Fareston, Faslodex, Femara,
Filgrastim, Floxuridine, Fludara, Fludarabine, Fluoroplex, Fluorouracil, Fluorouracil {cream),
Fluoxymesterone, Flutamide, Folinic Acid, FUDR, Fulvestrant, G-CSF, Gefitinib, Gemcitabine,
Gemtuzumab ozogamicin, Gemzar, Gleevee, Lupron, Lupron Depot, Matulane, Maxidex,
Mechlorethamine, -Mechiorethamine Hydrochlorine, Medralone, Medrol, Megace, Megestrol,

Megestrol Acetate, Melphalan, Mercaptopurine, Mesna, Mesnex, Methotrexate, Methotrexate
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Sodium, Methylpredoisolone, Mylocel, Letrozole, Neosar, Neulasta, Neumega, Neupogen,
Nilandron, Nilutamide, Nitrogen Mustard, Novaldex, Novantrone, Octrectide, Octreotide
acetate, Oncospar, Oncovin, Ontak, Onxal, Oprevelkin, Orapred, Orasone, Oxaliplatin,
Paclitaxel, Pamidronate, Panretin, Paraplatin, Pediapred, PEG Interferon, Pegaspargase,
Pegfilgrastim, PEG-INTRON, PEG-L-asparaginase, Phenvlalanine Mustard, Platinol, Platinol-
AL}, Prednisolone, Prednisone, Prelone, Procarbazine, PROCRIT, Proleukin, Prolifeprospan 20
with Carmustine implant, Purinethol, Raloxifene, Rheumatrex, Rituxan, Ritixamab, Roveron-A
{interferon alfa-2a), Rubex, Rubidomycio hydrochloride, Sandostatin, Sandostatin LAR,
Sargramostim, Solu-Cortef, Solu-Medrol, STI-571, Streptozocin, Tamoxifen, Targretin, Taxol,
Taxotere, Termodar, Temozolomide, Teniposide, TESPA, Thalidomide, Thalomid, TheraCys,
Thioguanine, Thioguanine Tabloid, Thiophosphoamide, Thioplex, Thiotepa, TICE, Toposar,
Topotecan, Toremifene, Trastuzumab, Tretinoin, Trexall, Trisenox, TSPA, VCR, Velban,
Velcade, VePesid, Vesanoid, Viadur, Vinblastine, Vinblastine Suifate, Vincasar Pfs, Vincristine,
Vinorelbine, Vinorelbine tartrate, VLB, VP-16, Vumon, Xeloda, Zanosar, Zevalin, Zinecard,
Zoladex, Zoledronic acid, Zometa, Gliadel wafer, Glivec, GM-CSF, Goserelin, granulocyte
colony stimulating factor, Halotestin, Herceptin, Hexadrol, Hexalen, Hexamethyimelamine,
HMM, Hycamtin, Hydrea, Hydrocort Acetate, Hydrocortisone, Hydrocortisone sodium
phosphate, Hydrocortisone sodium succinate, Hydrocortone phosphate, Hydroxyurea,
Ioritumomab, Thritumomab Tiuxeian, Idamycin, Idarubicin, fex, TFN-alpha, Ifosfamide, 1L 2,
IL-11, Imatinib mesylate, Imidazole Carboxamide, Interferon alfa, Interferon Alfa-2b (PEG
conjugate), Interleukin 2, Interlevkin-11, Intron A (interferon alfa-2b), Leucovorin, Leukeran,
Leukine, Leuprolide, Leurocristine, Leustatin, Liposomal Ara-C, Liquid Pred, Lomustine, L-
PAM, L-Sarcolysin, Meticorten, Mitomycin, Mitomycin-C, Mitoxantrone, M-Predmsol, MTC,
MTX, Mustargen, Mustine, Mutamycin, Myleran, Iressa, Irinotecan, Isotretingin, Kidrolase,
Lanacort, L-asparaginase, LCR, FAM-HYD-1, Marizomib (NPI-0052), Lenalidomide,
Carfilzomib, Panobinostat, Quisinostat, Selinexor, Oprozomib, and combinations thereof. The
anticancer agent can also include biopharmaceuticals such as, for example, antibodies.

Examples of suitable immunotherapeutic agents include, but are not limited to,
alemtuzumab, cetivamab (ERBITUX), gemtuzumab, iodine 131 tositumomab, rituximab,
trastuzarab (HERCEPTIN), aud combinations thereof

In some examples, the therapeutic agent can comprise an anti-inflammatory agent, such
as steroidal and/or non-sterotdal anti-inflammatory agents. Examples of steroidal anti-

inflammatory agents include, but are not Himited to, hydrocortisone, dexamethasone,
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prednisolone, prednisone, triamcinolone, methylprednisolone, budesonide, betamethasone,
cortisone, and deflazacort. Examples of non-steroidal anti-inflammatory drugs inchude
acetaminophen, aspirin, ibuprofen, naproxen, Celebrex, ketoprofen, tolmetin, etodolac,
fenoprofen, flurbiprofen, dictofenac, piroxicam, indomethacin, sulindax, meloxicam,
nabumetone, oxaprozin, mefenamic acid, and diflunisal.

In some examples, the therapeutic agent comprises a nucleic acid. Particular nucleic acid
examples include, but are not limited to, oligonucleotides, miRNA, shRNA, siRNA, DNA,
RNA, mRNA, ¢BNA, double siranded nucleic acid, single stranded nucleic acid, and so forth. In
a specific example, the nucleic acid can be mRNA. In some examples, the mRNA encodes a
protein or peptide for therapeutic use.

in some examples, the pharmaceutical composition is administered to a subject. In some
examples, the subject is a mammal. In some examples, the mammal is g primate. In some
examples, the mammal is a human. In some examples, the human is a patient.

In some examples, the disclosed compositions comprise the disclosed compounds
{including pharmaceutically acceptable salt(s} thereof} as an active ingredient, a
pharmaceutically acceptable carrier, and, optionally, other therapeutic ingredients or adjuvants.
The instant compositions include those suitable for oral, rectal, topical, and parenteral
{(including subcutaneous, intramuscular, and iotravenous) adminisiration, although the most
suitable route in any given case will depend on the particular host, and nature and severity of
the conditions for which the active ingredient is being adruinistered. The compositions can be
conveniently presented in unit dosage form and prepared by any of the methods well known in
the art of pharmacy.

Methods of Making

Also disclosed herein are methods of making any of the compounds or compositions
disclosed herein. Also disclosed herein are methods of making any of the lipid particles
disclosed herein. Also disclosed herein are methods of making any of the pharmaceutical
compositions disclosed heretn.

The compounds described herein can be prepared in a variety of ways known to one
skitied in the art of organic synthesis or variations thereon as appreciated by those skilled in the
art. The compounds described herein can be prepared from readily available starting materials.
Optimum reaction conditions can vary with the particular reactants or solvents used, but such

conditions can be determined by one skilled in the art.
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Variations on the compounds described herein include the addition, subtraction, or
movement of the various constituents as described for each compound. Similarly, when one or
more chiral centers are present in a molecule, the chirality of the molecule can be changed.
Additionally, compound synthesis can involve the protection and deprotection of various
chemical groups. The use of protection and deprotection, and the selection of appropriate
protecting groups can be determined by one skilled in the art. The chemistry of protecting groups
can be found, for example, in Wuts and Greene, Protective Groups in Organic Synthesis, 4th Ed
Wiley & Sons, 2006, which is incorporated herein by reference in its entirety.

The starting materials and reagents used in preparing the disclosed compounds and
compositions are either available from commercial suppliers such as Katchem (Prague, Czech
Republic), Aldrich Chemical Co., (Milwaukee, W1), Acros Organics (Morris Plains, NJ), Fisher
Scientitic (Pittsburgh, PA), Sigma (St. Louis, MO), Pfizer (New York, NY), GlaxoSmithKline
{Raleigh, NC3, Merck (Whitehouse Station, NJ), Johnson & Johnson (New Brunswick, NJ),
Aventis (Bridgewater, NJ), AstraZeneca {(Wilmington, DE), Novartis (Basel, Switzerland),
Wyeth (Madison, NJ), Bristol-Myers-Squibb (New York, NY), Roche (Basel, Switzerland),
Lilly (dndianapolis, IN), Abbott (Abbott Park, IL), Schering Plough (Kenilworth, NJ), or
Boehringer Ingelheim (Ingelheim, Germany), or are prepared by methods known to those skiiled
in the art following procedures set forth in references such as Fieser and Fieser’s Reagents for
Organic Synthesis, Volumes 1-17 (Joho Wiley and Sons, 1991); Rodd’s Chemistry of Cartbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989); Organic
Reactions, Volumes 1-40 (John Wiley and Sons, 1991); March’s Advanced Organic Chemistry,
{John Wiley and Sons, 4th Edition}; and Larock’s Comprehensive Organic Transformations
{(VCH Publishers Inc,, 1989). Other materials, such as the pharmaceutical excipients disclosed
herein can be obtained from commercial sources.

Reactions to produce the compounds described herein can be carried out in solvents,
which can be selected by one of skill in the art of organic synthesis. Solvents can be substantially
nonreactive with the starting materials (reactants), the intermediates, or products under the
conditions at which the reactions are carried out, i.e., temperature and pressure. Reactions can be
carried out in one solvent or a mixture of more than one solvent. Product or intermediate
formation can be monitored according to any suitable method known in the art. For example,
product formation can be monitored by spectroscopic means, such as nuclear magnetic

resonance spectroscopy (e.g., 'H or PC) infrared spectroscopy, spectrophotometry (e.g., UV-
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visible), or mass spectrometry, or by chromatography such as high performance liquid
chromatography (HPLC) or thin layer chromatography.

Methods of Use

Also disclosed herein are methods of use of any of the compounds or compositions
disclosed herein.

For example, also disclosed hersin are methods of treating, preventing, or ameliorating a
disease or a disorder in a subject in need thereof, the method comprising administering to the
subject a therapeutically effective amount of any of the pharmaceutical compositions disclosed
herein.

For example, disclosed herein are methods of treating a disease or a disorder in a subject
in need thereof, the method comprising administering to the subject a therapeutically effective
amount of any of the pharmaceutical compositions disclosed herein.

Examples of diseases and disorders include, but are not limited to, cancer.

In some examples, the disease comprises cancer. For exarple, the compounds and
compositions described herein or pharmaceutically acceptable saits thereof are useful for treating
cancer in humans, e.g., pediatric and geriatric populations, and in animals, e.g., veterinary
applications. The disclosed methods can optionally include identifying a patient who is or may
be in need of treatment of a cancer. Examples of cancer types treatable by the compounds and
compositions described herein include bladder cancer, brain cancer, breast cancer, colorectal
cancer, cervical cancer, gastrointestinal cancer, genitourinary cancer, head and neck cancer, lung
cancer, ovarian cancer, pancreatic cancer, prostate cancer, renal cancer, skin cancer, and
testicular cancer. Further examples include cancer and/or tumors of the anus, bile duct, bone,
bone marrow, bowel (including colon and rectum), eye, gall bladder, kidney, mouth, larynx,
esophagus, stomach, testis, cervix, mesothelioma, neuroendocrine, penis, skin, spinal cord,
thyroid, vagina, vulva, uterus, liver, muscle, blood cells (including lymphocytes and other
immune system cells). Further examples of cancers treatable by the compounds and
compositions described herein include carcinomas, Karposi’s sarcoma, melanoma,
mesothelioma, soft tissue sarcoma, pancreatic cancer, lung cancer, leukemia (acute
tymphoblastic, acute myeloid, chronic lymphocytic, chronic myeloid, and other), and lymphoma
{(Hodgkin’s and non-Hodgkin’s}, and multiple myeloma.

The methods of treatment or prevention of cancer described herein can, in some
examples, further include treatment with one or more additional agents {e.g., an anti-cancer

agent or ionizing radiation). For example, the compounds or compositions or pharmaceutically
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acceptable salts thereof as described herein can be combined into a pharmaceutical composition
with an additional anticancer agent. The additional anti-cancer agent can also include
biopharmaceuticals such as, for example, antibodies. Many tumors and cancers have viral
genome present in the tumor or cancer cells. For example, Epstein-Barr Virus (EBV}is
associated with a number of mammalian malignancies. The compounds disclosed herein can also
be used alone or in combination with anticancer or antiviral agents, such as ganciclovir,
azidothymidine (AZT), lamivudine (3TC), efc., to treat patients infected with a virus that can
cause cellular transformation and/or to treat patients having a tumor or cancer that is associated
with the presence of viral genome in the cells. The compounds disclosed herein can also be used
in combination with viral based treatments of oncologic disease.

Also described herein are methods of suppressing tumor growth in a subject. The method
includes contacting at least a portion of the tumor with a therapeutically effective amount of any
of the compound or compositions as described herein. In some examples, the methods fusther
include the step of irradiating at least a portion of the tumor with a therapeutically effective
amount of ionizing radiation. As used herein, the term {onizing radiation refers to radiation
comprising particles or photons that have sufficient energy or can produce sufficient energy via
nuclear interactions to produce ionization. An example of ionizing radiation is x-radiation. A
therapeutically effective amount of ionizing radiation refers to a dose of ionizing radiation that
produces an increase in cel]l damage ot death when administered in combination with the
compounds described herein. The ionizing radiation can be delivered according to methods as
konown in the art, including administering radiolabeled antibodies and radioisctopes.

The methods of treatment of the disease or disorder described herein can further include
treatrent with one or more additional agents. The one or more additional agents and the
compounds and compositions or pharmaceutically accepiable salts thereof as described herein
can be administered in any order, including simultaneous administration, as well as temporally
spaced order of up to several days apart. The methods can also include more than a single
administration of the one or more additional agents and/or the compounds and compositions or
pharmaceutically acceptable salis thereof as described herein. The administration of the one or
more additional agents and the compounds and compositions or pharmaceutically acceptable
salts thereof as described herein can be by the same or different routes. When treating with one
or more additional agents, the compounds and compositions or pharmaceutically acceptable salis
thereof as described herein can be combined into a pharmaceutical composition that includes the

one or more additional agents.
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Tu sorve examples, the coropound or composition can be administered to the subject in an
amount of | microgram (g} per kilogram (kg) of body weight of the subject per day (ng/kg/day)
or more {e.g., 2 ug’kg/day or more, 3 ug/kg/day or more, 4 pg/kg/day or more, 5 ug/kg/day or
more, 10 pg/kg/day or more, 15 pg/kg/day or more, 20 ug/kg/day or more, 25 ug/kg/day or
more, 30 pg/kg/day or more, 35 pe/kg/day or more, 40 ug/kg/day or more, 45 pg/kg/day or
more, SO pg/kg/day or more, 60 pg/kg/day or more, 70 ug/kg/day or more, 80 ug/kg/day or
more, 90 pgikg/day or more, 100 ug/kg/day or more, 125 ug/’kg/’day or more, 150 pg'kg/day or
more, 175 pg/kg/day or more, 200 ug/kg/day or more, 225 pg/kg/day or more, 250 ug/kg/day or
more, 300 ug/kg/day or more, 350 pg/kg/day or more, 400 pg/kg/day or more, 450 ug/kg/day or
more, SO0 ug/kg/day or more, 600 ug/kg/day or more, 700 ug/kg/day or more, 800 ng/kg/day or
more, 900 pg/kg/day or more, 1 milligram {mgykg/day or more, 2 mg/kg/day or more, 3
mg/kg/day or more, 4 mg/kg/day or more, S mg/kg/day or more, 6 mg/kg/day or more, 7
mg/kg/day or more, 8 mg/kg/day or more, or 9 mg/kg/day or more). In some examples, the
compound or composition can be administered to the subject in an amount of 10 milligrams (img)
per kilogram {kg} of body weight of the subject per day {mg/kg/day) or less {e.g., 9 mg/kg/day or
less, 8 mg/kg/day or less, 7 mg/kg/day or less, 6 mgikg/day or less, 5 mg/kg/day or less, 4
mg/kg/day or less, 3 mg/kg/day or less, 2 mg/kg/day or less, I mg/kg/day or less, 900 pg/kg/day
or less, 800 ng/kg/day or less, 700 ug/kg/day or less, 600 pg/kg/day or less, 500 pg/kg/day or
fess, 450 ng/kg/day or less, 400 pg/kg/day or less, 350 ug/kg/day or less, 300 pg/kg/day or less,
250 ng/kg/day or less, 225 pg/kg/day or less, 200 ug/kg/day or less, 175 ug/kg/day or less, 150
ug/kg/day or less, 125 pg/kg/day or less, 100 ug/kg/day or less, 90 ug/kg/day or less, 80
ug/kg/day or less, 70 ng/kg/day or less, 60 ng/kg/day or less, 50 pg/kg/day or less, 45 pg/kg/day
or less, 40 ug/kg/day or fess, 35 ug/kg/day or less, 30 ug/kg/day or less, 25 uglkg/day or less, 20
ug/kg/day or less, 15 ug/kg/day or less, 10 pg/kg/day or less, 5 pg/kg/day or less, 4 pg/kg/day or
fess, 3 ug/kg/day or less, or 2 ug/kg/day or less).

The amount of the compound or composition administered to the subject can range from
any of the nunimum values described above to any of the maximum values described above. For
example, the compound or composition can be administered to the subject in an amount of from
I microgram {pg) per kilogram (kg) of body weight of the subject per day to 10 milligrams
{mgVkeg/day {e.g, from 1 ug/kg/day to 100 pg/ke/day, from 100 pg/kg/day to 10 mg/kg/day,
from 1 pg/kg/day to 10 pg/kg/day, from 10 pg/kg/day to 100 pg/kg/day, from 100 pg/kg/day to
I mg/kg/day, from 1 mg/kg/day to 10 mg/kg/day, from S pg/kg/day to 10 mg/kg/day, from 1
ug/kg/day to 5 mg/kg/day, or from 5 to 5 mg/kg/day).
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it is understood, however, that the specific dose level for any particular subject
will depend upon a variety of factors. Such factors include the age, body weight, general health,
sex, and diet of the subject. Other factors include the time and route of administration, rate of
excretion, drug combination, and the type and severity of the particular disease or disorder.

The methods, compounds, and compositions as described herein are useful for both
prophylactic and therapeutic treatment. As used herein the term treating or treatment includes
prevention; delay in onset; diminution, eradication, or delay in exacerbation of signs or
syroptoms after onset, and preveotion of relapse. For prophylactic use, a therapeutically effective
amount of the compounds and compositions or pharmaceutically acceptable salts thereof as
described herein are administered to a subject prior to onset {e.g., before obvious signs of the
disease or disorder), during early onset (e.g., upon initial signs and symptoms of the disease or
disorder}, or after an established development of the disease or disorder. Prophylactic
administration can occur for several days to years prior to the manifestation of symptoms of a
disease or disorder. Therapeutic treatrnent invelves administering to a subject a therapeutically
effective amount of the compounds and composttions or pharmaceutically acceptable salts
thereof as described herein after the disease or disorder is diagnosed.

In certain embodiments, it is desirable to target a nanoparticle using a targeting moiety
that 1s specific to a cell type and/or tissue type. In some embodiments, a nanoparticle may be
targeted to a particular cell, tissue, and/or organ using a targeting motety. Exemplary non-
limiting targeting moieties include ligands, cell surface receptors, glycoproteins, vitamins {e.g.,
riboflavin} and antibodies {e g, full-length antibodies, antibody fragments (e g., Fv fragments,
single chain Fv (scFv) fragments, Fab' fragments, or F(ab")2 fragments}, single domain
antibodies, camelid antibodies and fragmeuts thereof, human astibodies and fragments thereof,
monocional antibodies, and multispecific antibodies (e.g.,. bispecific antibodies)). In some
embodiments, the targeting moiety may be a polypeptide. The targeting moiety may include the
entire polypeptide {(e.g., peptide or protein} or fragments thereof. A targeting moiety is typically
positioned on the outer surface of the nanoparticle in such a manner that the targeting moiety is
available for interaction with the target, for example, a cell surface receptor. A variety of
different targeting moieties and methods are known and available in the art, including those
described, e.g., in Sapra et al, Prog. Lipid Res. 42(5}:439-62, 2003 and Abra et al., J. Liposome
Res. 12:1-3, 2002,

The targeting motety can target any known cell type, including, but vot limited to,

hepatocytes, colon cells, epithelial cells, hematopoietic cells, epithelial cells, endothelial cells,
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fung cells, bone cells, stem cells, mesenchymal cells, neural cells, cardiac cells, adipocytes,
vascular smooth muscie cells, cardiomyocytes, skeletal muscle cells, beta cells, pituitary cells,
synovial lining cells, ovarian cells, testicular cells, fibroblasts, B cells, T cells, reticulocytes,
lfeukocytes, granulocytes, and tumor cells {including primary tumor cells and metastatic tumor
cells) In particular embodiments, the targeting moiety targets the lipid nanoparticle to a
hepatocyie. In other embodiments, the targeting moiety targets the lipid nanopariicle to a colon
cell. In some embodiments, the targeting moiety targets the lipid nanoparticle to a liver cancer
cell (e.g., a hepatocellular carcinoma cell) or a colorectal cancer cell {e.g., a prirnary tumor or a
metastasis).

Compositions, Fornmlations, Methods of Administration, and Kitx

fn vive application of the disclosed compounds, and compositions containing them, can
be accomplished by any suitable method and technique presently or prospectively known to
those skilled in the art. For example, the disclosed compounds can be formulated in a
physiologically- or pharmaceutically-acceptable form and administered by any suitable route
known in the art including, for example, oral, nasal, rectal, topical, and parenteral routes of
administration. As used herein, the term parenteral includes subcutaneous, intradermal,
intravenous, intramuscular, intraperitoneal, and intrasternal administration, such as by injection.
Administration of the disclosed compounds or compositions can be a single administration, or at
continuous or distinct intervals as can be readily determined by a person skilled in the art.

The compounds disclosed herein, and compositions comprising them, can also be
administered utilizing liposome techuology, slow release capsules, implantable pumps, and
biodegradable containers. These delivery methods can, advantageously, provide a uniform
dosage over an extended period of time. The compounds can also be administered in their salt
derivative forms or crystalling forms.

The compounds disclosed herein can be formulated according to known methods for
prepasing pharmaceutically acceptable compositions. Formulations are described in detail in a
number of sources which are well known and readily available to those skilled in the art. For
example, Remington's Pharmacenticad Science by E'W . Martin {1995} describes formulations
that can be used in connection with the disclosed methods. In general, the compounds disclosed
herein can be formulated such that an effective amount of the compound is combined with a
suitable excipient in order to facilitate effective administration of the compound. The
compositions used can also be in a vanety of forms. These include, for example, solid, semi-

solid, and hiquid dosage forms, such as tablets, pills, powders, liquid solutions or suspension,
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suppositories, injectable and infusible solutions, and sprays. The preferred form depends on the
intended mode of administration and application. The compositions can also include
conventional pharmaceutically-acceptable carriers and diluents which are known to those skilled
in the art,

Examples of carriers or diluents for use with the compounds include ethanol, dimethyl
sulfoxide, glycerol, alumina, starch, saline, and equivalent carriers and diluents. To provide for
the administration of such dosages for the desired application, compositions disclosed herein can
comprise between about 0.1% and 100% by weight of the total of one or more of the subject
compounds based on the weight of the total composition including carrier or diluent.

The pharmaceutical carrier employed can be, for example, a solid, liguid, or gas.
Examples of solid carriers include lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia,
magnesium stearate, and stearic acid. Examples of liquid carriers are sugar syrup, peanut oil,
olive oil, and water. Examples of gaseous carriers include carbon dioxide and nitrogen.

Formulations suitable for admuinistration include, for example, aqueous sterile injection
solutions, which can contain antioxidants, butfers, bacteriostats, and solutes that render the
formulation isotonic with the blood of the intended recipient; and aqueous and nonaquecus
sterile suspensions, which cau include suspending agents and thickening ageuts. The
formulations can be presented in unit-dose or multi-dose containers, for example sealed
ampoules and vials, and can be stored in a freeze dried (Iyophilized) coundition reguiring only the
condition of the sterife liquid carrier, for example, water for injections, prior to use.
Extemporaneocus injection solutions and suspensions can be prepared from sterile powder,
granules, tablets, ezc. It should be understood that in addition to the excipients particularly
mentioned above, the compositions disclosed herein can include other agents conventional in the
art having regard to the type of formulation in question.

Compounds disclosed herein, and compositions comprising them, can be deliveredto a
cell either through direct contact with the cell or via a carrier means, Carrier means for
delivering compounds and compositions to cells are known in the art.

For the treatiment of oncological disorders, the compounds or compositions disciosed
herein can be administered to a patient in need of treatment in combination with other antitumor
or anticancer substances and/or with radiation and/or photodynamic therapy and/or with surgical
treatment to remove a tumor. These other substances or treatments can be given at the same as or
at different times from the compounds or compositions disclosed herein. For example, the

compounds or compositions discipsed herein can be used in combination with mitotic inhibitors
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such as taxol or vinblastine, alkylating agents such as cyclophosamide or tfosfamide,
antimetabolites such as 5-fluorouracii or hydroxyurea, DNA intercalators such as adriamycin or
bleomycin, topoisomerase inhibitors such as etoposide or camptothecin, antiangiogenic agents
such as angiostatin, antiestrogens such as tamoxifen, and/or other anti-cancer drugs or
antibodies, such as, for example, GLEEVEC (Movartis Pharmaceuticals Corporation} and
HERCEPTIN (Genentech, Inc.), respectively, or an immunotherapeutic such as ipilimumab and
bortezomib.

In certain examples, compounds and compositions disclosed herein can be locally
administered at one or more anatomical sites, such as sites of unwanted cell growth (such as a
tumor site or benign skin growth, e.g., injected or topically applied to the tumor or skin growth),
optionally in combination with a pharmaceutically acceptable carrier such as an inert diluent.
Compounds and compositions disclosed herein can be systemically administered, such as
intravenously or orally, optionally in combination with a pharmaceutically acceptable carrier
such as an inert diluent, or an assimilable edible carrier for oral delivery. They can be enclosed
in hard or soft shell gelatin capsules, can be compressed into tablets, or can be incorporated
directly with the food of the patient’s diet. For oral therapeutic administration, the active
compound can be combined with one or more excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, aerosol sprayvs, and
the hike,

The tablets, troches, pills, capsules, and the like can also contain the following: binders
such as gum tragacanth, acacia, corn starch or gelating diluents such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such
as magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame ot
a flavoring agent such as peppermint, oil of wintergreen, or cherry flavoring can be added. When
the unit dosage form is a capsule, it can contain, in addition to materials of the above type, a
iquid carrier, such as a vegetable oil or a polyethylene glycol. Various other materials can be
present as coatings or to otherwise modity the physical form of the solid unit dosage form. For
instance, tablets, pills, or capsules can be coated with gelatin, wax, shellac, or sugar and the like.
A syrup or elixir can contain the active compound, sucrose or fructose as a sweetening agent,
methy!l and propylparabens as preservatives, a dye and flavoring such as cherry or orange flavor.
Of course, any material used in preparing any unit dosage form should be pharmaceutically
acceptable and substantially von-toxic in the amouuts employed. In addition, the active

compound can be incorporated into sustained-release preparations and devices.
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Coropounds and compositions disclosed herein, including pharmaceutically acceptable
salts thereof, can be administered intravenously, intramuscularly, or intraperitoneally by infusion
or injection. Solutions of the active agent or its salts can be prepared in water, optionally mixed
with a nontoxic surfactant. Dispersions can also be prepared in glycerol, Hguid polyethyviene
glycols, triacetin, and mixtures thereof and in cils. Under ordinary conditions of storage and use,
these preparations can contain a preservative io prevent the growth of microorganisms.

The pharmaceutical dosage forms suttable for injection or infusion can include sterile
agueous solutions or dispersions or sterile powders comprising the active ingredient, which are
adapted for the extemporaneous preparation of sterile injectable or infusible solutions or
dispersions, optionally encapsulated to Hiposomes. The ultimate dosage form should be sterile,
thnid and stable under the conditions of manufacture and storage. The liquid carrier or vehicle
can be a solvent or liquid dispersion mediurn comprising, for exaruple, water, ethanol, a polyol
{for example, glycerol, propylene glycol, liquid polyethylene glvcols, and the like), vegetable
oils, nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the formation of liposomes, by the maintenance of the required
particle size in the case of dispersions or by the use of surfactants. Optionally, the prevention of
the action of microorganiams can be brought about by various other antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like In
roany cases, it will be preferable to include isotonic agents, for example, sugars, butfers ot
sodium chioride. Prolonged absorption of the injectable compositions can be brought about by
the inclusion of agents that delay absorption, for example, aluminum monostearate and gelatin,

Pharmaceutical composttions disclosed herein suitable for injectable use include
sterile aqueous solutions or dispersions. Furthermore, the compositions can be in the form of
sterile powders for the extemporanecus preparation of such sterile injectable solutions or
dispersions. In some examples, the final injectable form can be sterile and can be effectively
fluid for easy syringability. In some examples, the pharmaceutical compositions can be stable
under the conditions of manufacture and storage; thus, they can be preserved against the
contaruinatiog action of microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol fe.g., glycercl,
propylene glyeol and liquid polyethylene glycol), vegetable oils, and suitable mixtures
thereof.

Sterile injectable solutions are prepared by incorporating a compound and/or agent

disclosed hergin 1n the required amount in the appropriate solvent with various other ingredients
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enurnetated above, as required, followed by filter sterilization. In the case of sterile powders for
the preparation of sterile injectable solutions, the preferred methods of preparation are vacuum
drying and the freeze drving techniques, which yield a powder of the active ingredient plus any
additional desired ingredient present in the previcusly sterile-filiered soluticus.

Pharmaceutical compositions disclosed herein can be in a form suitable for topical use
such as, for example, an aerosol, cream, cintment, lotion, dusting powder, mouth washes,
gargles, solution, tincture, and the like. In some examples, the compositions can be in a form
suitable for use in transdermal devices. In some examples, it will be desirable to administer them
topically to the skin as compositions, in combination with a dermatologically acceptable carrier,
which can be a solid or a liguid. Compounds and agents and compositions disclosed herein can
be applied topically to a subject’s skin. These formulations can be prepared, utilizing any of the
compounds disclosed berein or pharmaceutically acceptable salts thereof, via conventional
processing methods.

Useful solid carriers include finely divided solids such as tale, clay, microcrystalline
cellulose, silica, alumina and the like. Useful liquid carriers include water, alcohols or glycols or
water-alcohol/glycol blends, in which the compounds can be dissolved or dispersed at effective
levels, optionally with the aid of non-toxic surfactants. Adjuvants such as fragrances and
additional antimicrobial agents can be added to optimize the properties for a given use. The
resultant liquid compositions can be applied from absorbent pads, used to impregnate bandages
and other dressings, or sprayed onto the affected area using pump-type or aerosol sprayers, for
example,

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty
alcohols, modified celluloses or modified mineral materials can also be employed with hquid
carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly to
the skin of the user.

Pharmaceutical compostitions disclosed herein can be in a form suitable for rectal
administration wherein the carrier is a solid. In some examples, the mixture forms unit dose
suppositories. Suitable carriers include cocoa butier and other materials commonly used in the
art. The suppositories can be conveniently formed by first admixing the composition with the
softened or melied carriers) followed by chilling and shaping in molds.

In addition to the aforementioned carrier ingredients, the pharmaceutical formulations
described above can include, as appropriate, one or more additional carrier ingredients such as

difuents, buffers, flavoring agents, binders, surface-active agents, thickeners, lubricants,
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preservatives {including anti-oxidants) and the like. Furthermore, other adjuvants can be
included to render the formulation isotonic with the blood of the intended recipient.
Compositions containing any of the compounds disclosed herein, and/or pharmaceutically
acceptable salts thereof, can also be prepared in powder or liquid concentrate form.

5 Useful dosages of the compounds and agents and pharmaceutical compositions disclosed
herein can be determined by comparing their /n vifro activity, and iz vivo activity in animal
models. Methods for the extrapolation of effective dosages in mice, and other animals, to
humans are known to the art.

The dosage ranges for the administration of the compositions are those large enough to

10 produce the desired effect in which the symptoms or disorder are affected. The dosage should

not be so large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic
reactions, and the like. Generally, the dosage will vary with the age, condition, sex and extent of
the disease in the patient and can be determined by one of skill in the art. The dosage can be
adjusted by the individual physician in the event of any counterindications. Dosage can vary, and

15 can be administered in one or more dose administrations daily, for one or several days.

Also disclosed are kits that comprise a compound disclosed herein in one or more
containers. The disclosed kits can optionally include pharmaceutically acceptable carriers and/or
diluents. In one embodiment, a kit includes one or more other components, adjuncts, or
adjuvauts as described herein. In one embodiment, & kit includes instructious or packaging

20 materials that describe how to administer a compound or composition of the kit. Containers of

the kit can be of any suitable material, e.g., glass, plastic, metal, efc., and of any suitable size,
shape, or configuration. In one embodiment, a compound and/or agent disciosed herein is
provided in the kit as a solid, such as a tablet, pill, or powder form. In another embodiment, &
compound and/or agent disclosed herein is provided in the kit as a liquid or solution. In one

25  embodiment, the kit comprises an ampoule or syringe containing a compound and/or agent

disclosed herein in liquid or solution form.

In some examples, the kit further comprises at least one agent, wherein the compound
and the agent are co-formulated.

In some examples, the compound and the agent are co-packaged.

30 The kits can also comprise compounds and/or products co-packaged, co-formulated,

and/or co-delivered with other components. For example, a drug manufacturer, a drug
reseller, a physician, a compounding shop, or a pharmacist can provide a kit comprising a

disclosed compound and/or product and another component for delivery to a patient.
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It is contemplated that the disclosed kits can be used iu connection with the disclosed
methods of making, the disclosed methods of using, and/or the disclosed compositions.

A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope
of the invention. Accordingly, other embodiments are within the scope of the following claims.

The examples below are intended to further itlustrate certain aspects of the systems and
methods described herein, and are not intended to limit the scope of the claims.

EXAMPLES

The following examples are set forth below to illustrate the methods and results
according to the disclosed subject matter. These examples are not intended to be inclusive of all
aspects of the subject matter disclosed herein, but rather to illustrate representative methods and
results. These examples are not intended to exclude equivalents and variations of the present
invention which are apparent to one skilled in the art.

Efforts have been made to ensure aceuracy with respect to numbers (e.g., amounts,
temperature, etc. } but some errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, temperature is in °C or is at ambient temperature, and
pressure is at or near atmospheric. There are numerous variations and combinations of
measurement conditions, e.g., compenent concentrations, temperatures, pressures and other
measurement ranges and conditions that can be used o optimize the described process.

Example 1

Efficient delivery of mRNA is a key step and challenge for the applicant of mRNA
therapeutics. Despite promising data from ongoing clinical trials, the clinical use of mRNA
requires the discovery and development of more efficient delivery systems.

Disclosed herein are functional amino lipid nanoparticles and uses thereof. For example,
disclosed herein are three classes of functionalized amino lipids and their formulations, which
can, for example, be used for gene therapy and drug delivery applications.

Synthetic routes and characterizations for the compounds and corapositions disclosed
heretn are shown below.

The relative luminescence intensity of certain compounds in Hep3B cells is shown in
Figure 1.

The relative luminescence intensity of certain compounds /77 vive after L M. injection are

shown iu Figure 2.
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Scheme 1. General syathetic route of amino alcohol lipids and amino acid lipids

Examples of the Synthesis of aldehydes

12z
OH
(CHzHn, TMST . HO N N N o o
HO N S N e TN TN pp— e VN N S g
18 11 BA, L

13

To a suspension of paraformaldehyde (1.5 g, 50 mmol) in TMSCE (25 mL, 197 mmol}

was added 1-hexancl 18 (5.1 g, 50 mmol} dropwise at RT. The reaction mixture was allowed to

stir for 2 h at room temperature. The clean solution was concentrated under reduce pressure to

give 1-chloromethoxy-hexane 11 as a colorless oil that was used directly without further

purification.

3
[



N2
s

WO 2023/086365 PCT/US2022/049369

The above chloromethy! ether was added dropwise to a solution of 1,6-hexanediol 12
(118 g, 100 mmol) and -PraNEt (17 45 mL, 100 mmol} in CH2Clz (150 mL). The reaction
mixture was stirred at room temperature for 24 h and was subsequently quenched by the addition
of a saturated solution of NH4Cl (80 mL.). Extraction with CHoCl (60 mE*2 times} was
performed and the combined organic layers were washed with water (30 mL) and brine (30 mL)
and dried over NazSOu. The organic phase was filtered and concentrated under reduced pressure;
the residue was purified via silica gel flash chromatography (20% EtOAc in hexane). 6.74 g of
13 was obtained as a colorless oil, vield 58.0%. 'H NMR (300 MHz, Chloroform-d)} § 4.65 (s,
2H), 3.63 (g, J = 6.4 Hz, 2H), 3.51 (td, J = 6.6, 2.9 Hz, 4H), 1.57 (dq, J = 13.5, 6.8 Hz, 6H), 1.50
—~1.21 (m, 10H), 0.94 — 0.82 {m, 3H). MS (mz); [M+Nal" caled. For CisHzaeNaOs, 2551931,
found: 255.1941.

HO\/"\/”\/’\O/\Q/\/’\,/\\

> H T)/\/\/’\Q/\Q/\»/ NN
14 - 15

{Diacetoxyiodojpenzene (0.79 g, 2.45 mmol) was added to a suspension of 14 {518 mg,

2.23 mmol}, TEMPO (34.9 mg, 0.22 mmol} and NaHCOs (412 mg, 4.9 mmol) in 20 mL of dry

DCM at room temperature. The reaction roixture was stirred for 3 b and TLC showed 14 was
totally consumed. Then the mixture was quenched with saturated aqueous solution of Nax8$:0;3
{30 mL) and extracted with DCM (3*20 mL) The DCM phase was combined and washed with
agueous NaHCO; (20 mL) and brine (20 mL}, dried over Nax8SQOq, filtrated and concentrated
under reduced pressure. The residue was purified via silica gel flash chromatography (10%
FtOAc in hexane). 510 mg of 15 was obtained as a coloriess oif, quant. 'H NMR (300 MHz,
Chloroform-d) 6 9.76 (s, 1H), 4.64 (s, 2H), 3.51 (g, .J = 5.9 Hz, 4H), 2.43 (1, J = 7.4 Hz, 2H),
1.60 (ddt, S =178, 12.9, 7.3 Hz, 6H), 1.46 - 1.23 (m, 8H), 0.95 - 0.81 (m, 3H). MS (m/2):
IM+Na]" caled. For CizHusNaOs, 253.1774; found: 2551941,

12
9 HQWOH 2
C;/U\QW HOWQJ\Q/\J\V/\\
18 TEA, DCM 17

To a solution of 16 (5.0 g, 30.4 mmol} in BCM (30 mL) was added dropwise into a
solution of 1,5-hexanediol 12 and TEA (169 mL, 121 mmol) in DCM {100 mL) at 0 °C over 30
min. After stirring for 3 h, the reaction was quenched with 50 mL of water and exiracted with
DOCM (50 mL*3), then the organic phase was combined and washed with water, dried over

Na2SO4 and concentrated under reduced pressure. The residue was purified via silica gel
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chromatography (20% ELOAc in hexanes). 3.2 g of 17 was obtained as a colorless oil, yield
453%. 'H NMR (300 MHz, Chloroform-dy § 4.11 (td, /= 6.7, 2.6 Hz, 4H), 3.62 (td, /= 6.5, 3.1
Hz, 3H), 1.65 {p, J= 7.0 Hz, 4H), 1.56 (dg, /= 6.5, 3.3 Hz, 2F), 1.43 — 133 (m, 6H), 1.29(dd, J
=6.8,3.8 Hz, 4H), 0.91 - 0.84 (m, 3H). MS (m/z): [M+Na]” caled. For CisHaeNaOu, 2691723,
found: 269.1735.

(8] 3
o) lL BAIR, TEMPO o
R N o s M NPl

Dry DO \(\/\/\Q O
17 18

BAIB (1.41 g, 4.38 mmol) was added to a suspension of 17 (0.98 g, 3.98 mmol), TEMPO

H

(62.2 mg, 0.4 mmol) and NaHCO: (736 mg, 8.6 mmol} in 20 ml of DCM. The reaction mixture
was stirred for 3 h till TLC showed A was totally consumed. Then the mixture was quenched
with saturated aqueous solution of Na25:0s (30 mL) and extracted with DCM (3*20 mL). The
DCM phase was combined and washed with aqueous NaHCO3 (20 mL} and brine {20 mL), dried
over NaxS04, filtrated and concentrated under reduced pressure. The residue was purified via
silica gel flash chromatography (10% EtOAc in hexane). 0.78 g of 18 was cbtained as a light
yellow oil, yield 80.2%. 'H NMR (300 MHz, Chloroform-¢) § 9.77 (g, J= 1.6 Hz, 1H), 4.13 (14,
J=6.6,2.6Hz 5H), 2.45 (td,.J=7.2, 1.7 Hz, 2H), 1.78 — 1.59 {m, 7TH), 1.49 — 1.24 (m, 10H),
0.95 - 084 (m, 4H).

12
O

DIPEA,
DCM

CHLCHO, TMSCH
HO NN i - NG N

18 18

HO, ,L -
N TN NG TN TN N
20

To a solution of acetaldehvde (1.76 g, 40 mmol) in TMSCI {20 mL, 157 mmol) was
added 1-hexanol 18 (5.1 g, S0 mmol) dropwise at RT. The reaction mixture was allowed to stir
for 2 h at room temperature. The clean solution was concentrated under reduce pressure to give
19 as a colorless oil that was used directly without further purification.

The above chloromethy! ether was added dropwise to a solution of 1,6-hexanediol 12
{9.44 g, 80 rumol) and i-PraNEt (13.96 ml, 80 mmol) in CH2Ch (150 mL). The reaction mixture
was stirred at room temperature for 24 h and was subsequently guenched by the addition of a
saturated solution of NHaClE (80 mL). Extraction with CHaCh (60 mL*2 times) was performed
and the combined organic layvers were washed with water (30 mL} and brine (30 mL} and dried
over Na:80s. The organic phase was filtered and concentrated under reduced pressure; the
residue was purified via silica gel flash chromatography (20% EtOAc in hexane). 3.45 g of 20
was obtained as a colorless oil, vield 35.0%. 'H NMR (300 MHz, Chioroform-d) & 4.64 (g, J=
S3Hz 1H), 366347 (m, 4H), 338 {(dtd, /=92,66, 25 Hz, 2H), 1.65-1.48(m, TH), 1.42 -

3
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1.22 (m, 12H), 092 - 0.81 (m, 3H). MS (m/2): [M+Nal" caled. For CraFo0Na03, 269.2087;
found: 2692075,

HO BAIB, TEMPO
NV N S Nl NN R H PN N NG N N
ST

28 21

BAIB (1.77 g, 5.5 mmol) was added to a suspension of 28 (1.23 g, 5.0 mmol}, TEMPO
78.2 mg, 0.5 mmotl) and NaHCO: (924 mg, 11.0 mmol) in 20 mL of DCM. The reaction
ratxture was stirred for 3 h il TLC showed A was totally consumed. Then the mixture was
quenched with saturated aqueous solution of Naz$:03 (30 mL) and extracted with DCM (3%20
mL}. The BCM phase was combined and washed with aqueous NaHHCGQs (20 mL) and brine (20
ml), dried over Na:80u4, filirated and concentrated under reduced pressure. The residue was
purified via silica gel flash chromatography (10% EtOAc in hexane). 1.0 g of 21 was obtained as
a light vellow oil, yield 81.8%. 'H NMR (300 MHz, Chloroform-o} § 9.78 (s, 1H), 4.66 {q, J =
53 Hz, 1H), 3.37 (dq, /= 9.2, 6.8 Hz, 2H), 3.41 (dtd, /= 9.7, 6.5, 3.3 Hz, 2H), 2.45 (1d, /= 7.3,
1.7 Hz, 2H), 1.73 — 1.51 (m, 6H), 1.48 — 1.25 (m, 11H), 0.95 — 0.82 (m, 3H). MS (m/z): [M+Na]*
caled. For CizHaeNLGs, 255.1931; found: 2551941,

OW@/LQWV\

H 22

'H NMR (400 MHz, Chioroform-d) 8 9.78 (¢, /= 1.7 Hz, 1H), 4.65 (q, /= 5.3 Hz, 1H),
362(dt, /=94 61Hz 1H), 354 (dt, /=93,67Hz, 1H),349-332(m, 2H), 253 (td, /=
7.1, 1.6 Hz 2H), 2,03~ 184 (m, 2H), 167 - 143 (m, 2H), 1.28 (g, ./ = 4.7, 3.6 Hz, 13H}, 0.98 -
0.80 (m, 3H).

General Procedure for the synthesis of alcohol 3-n.

To a solution of 1, 3-propyldiamine 1 (2.22 g, 30.0 mmol} and 2-n (16 mmol) in #-
butanol (10 mL) was added potassium 1odide (84 mg, 0.5 mmol) and potassium carbonate (0.69
g, 5.0 mmotl). The resulting mixture was refluxed for 24 h. Then the mixture was slowly cooled
to room temperature, filtered, and concentrated under vacuum. The resulting mixture was
dissofved in 10 mL of MeOH and treated with Boc2(3 (8.3 g, 66 mmol) for 30 min at RT. MeOH
was removed under reduced pressure. The residue was purified via CombiFlash system to give

the desired product (Hexane/Ethyl Acetate = 1:1).

~:J
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Boc
HOW N~ NHBoc
3-2
"H NMR (300 MHz, Chloroforn-of) § 3.67 — 3.47 (m, 2H), 3.42 - 3.30 (m, 2H), 3.28 -
3.16 (m, 2H), 3.16 = 3.04 (m, 2H), 1.73 — 1.64 (m, 4H), 147 (s, 9H), 1.44 (5, 9H).

Boc
HO ST N AN N NHBoc
3-3
S IH NMR (300 MHz, Chloroform-d) § 4.00 (t, J = 6.0 Hz, 2HD), 3.59 (t, /= 6.9 Hz, 2H),

352(d, J=72Hz 2H), 344 (1, /J=06.6Hz, 2H}, 2.13 (brs, 1H), 2.05 - 1.84 {m, 6H}, 1.80 (s,
9H), 1.78 {s, 9H).
Boc R
HQ\N\/NWNHBQ(,
3-4
'H NMR (300 MHz, Chloroform-d} § 3.67 —3.61 (m, 2H), 3.27 - 2.95 {m, 6H), 1.73 -
10 147 (m, 8H), 147 - 1.27 (m, 18H).

!%OC NHB
QC
3-5
'H NMR {400 MHz, Chioroform-) 5 3.64 (t,./= 6.6 Hz, 2H}, 3.33 - 3.21 {m, 2H), 3.20

~3.04 (m, 40, 1.89 - 1.75 (m, 1H), 1.71 — 1.62 (m, 2H), 1.60 — 1.50 m, 4H), 147 (5, 9H), 1.44
(s, OH), 1.39{q, J=7.6 Hz, 2H), 1.34 - 1.28 {(m, 2H). MS (m/z). [M+Na]" calcd. For
15 CigHzoNaOs, 275.2; found: 275 3.

General Procedure for the synthesis of alcohol 6-m.

Amine 4 (2.61 g, 15.0 mmol) was dissolved in 20 mL of dry MeCN. Potassium carbonate
was added {1.59 g, 15.0 mmol)} to the solution. A solution of 8~-m {10.0 mmol} in 10 mL of dry
MeCN was added dropwise to the above solution over 1 hour at RT. The solution was then

20 stirred at RT for 24 h. Solid NaxCQO: was removed via filtration, and the solvent was removed

under vacuum. The residue was purified via silica gel chromatography.

O
H
; Bug/u\vN\JAVNHBOC
&%

'H NMR (300 MHz, Chioroform-d) & 3.28 (s, 2H), 3.20 (q, J = 6.6 Hz, 2H), 2.66 (1, J =
6.6 Hz, 2H), 1.67 (q, /= 6.6 Hz, 2H), 1.46 (s, OH), 1.43 (s, OH).

3
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H
f—BuQ\(\\/,N\/\fNHBQC

6-2
'H NMR (300 MHz, Chioroform-) & 5.05 (s, 1H), 3.20 (q, /=63 Hz, 2H), 2.84 (1, J =
6.6 Hz, 2H), 2.69 {1, J = 6.6 Hz, 2H), 2.44 (1, J = 6.6 Hz, 2H), 1.98 (br s, 1H), 1.67 (p, J= 6.6
Hz, 2H), 1.45 (s, OH), 1.44 (s, OH).

Q
H
ﬁ\ofu\/”\\/ N NHBoC
8-3

'H NMR (300 MHz, Chioroform-d) 8 5.25 (s, 1H), 3.27 - 3.15 (m, 2H3, 2.68 (dt, J =
14.4, 6.9 Hz, 4H), 2.59 (brs, 1H), 2.28 (1, .J= 7.5 Hz, 2H), 1.81 (p, /= 7.2 Hz, 2H), 1.75 — 1 .63

{m, 2H), 1.43 (5, 18H).
H
>r€.’.'3 N WNHBGC

"H NMR. (400 MHz, Chloroform-d) § 5.18 (br s, TH), 3.63 (s, [H), 3.21 - 3.12 (m, 2H),
2.65(t J=6.4 Hz, 2H), 2.58 (¢, J=7.2 Hz, 2H), 2.21 (t, J= 7.2 Hz, 2H), 1 66 — 1.57 (m, SH),
1.50 (q, J = 7.4 Hz, 2H), 1.45 - 1.40 (m, 18H).

Greneral Procedure for the synthesis of amine alcokol pids and amino acid pids.

To a solution of 3-» or 6-m (0.1 mmol) in CHClz (0.46 mL) was added tnifluoroacetic
acid (TFA, 046 mmol) at 0 °C. The mixture was allowed to warm to RY, stirred at RT for 3-4 h
and monitored with thin layer chromatography {(TLC). Upon completion of the reaction, the
solvent was evaporated and the residue was dissolved in Me(OH and concentrated. The residue
was dissolved in 2 L of THF and TEA (0.028 mL, 0.2 mmol} was added, and stirred for 10 min
at RT. Then aldehyde (0.4 mmol) was added followed by NaBH{GAc})H (95.4 mg, 0.45 mmol).
The obtained solution was stirred for 48 h at RT. Saturated ag. NaHCO3 was added to quench
the reaction, THF was removed under reduced pressure, the aqueous phase was extracted with
DCM (10 mL* 3 times), the organic phase was combined and dried over anhvdrous Naz SOy,
then the solution was filtered and concentrated, the residues was purified by silica gel
chromatography to give desired product.
e NP N

[
F/ M I e

N N
44-R,

3
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HNMR {300 MHz, Chloroform-d) 6 3.55 (t J=351Hz, 2H), 2.57-239 {m, 12H), 1.65
~1.55(m, 2H}, 1.52 - 1.36 (m, 6H), 1.32 ~ 1.22 (m, 54H), 0.87 (t, /= 6.6 Hz, 9H).
O O

HO/\“N\{/\/“ ’\/\/\/I \(’\v/w
YT

'H NMR (300 MHz, Chloroform-d) § 4.80 (p, J = 6.3 Hz, 3H), 3.52 (1, J = 5.1 Hz, 2H),
5 2.61-232(m, 12H), 2.27 (1, J= 7.4 Hz, 6H), 1.67 ~ 1.35 (m, 26H), 1.32 — 1.17 (m, 42H), 0.92
~0.80 {m, 18H).
2
(?)E\gf’\/“\/\/‘\

S

« o
J/ (\/\ of\/”\/\/\

HO" N \/\\/ N
\L\/’\o ofW\/‘\

41-R,
' NMR (300 MHz, Chioroform-d) § 4.12 {id, /= 6.6, 4.5 Hz, 12H), 3.54 (t, ./ = 5.1 Hz,
2H), 2.56 (1, /= 5.1 Hz, 2H), 2.53 ~ 227 (m, 10H), 1.72 ~ 1.42 (m, 20H), 1.39 ~ 1.21 (m, 30H),

10 0940381 {m, 9H)

Q/I\(_)/ NN TN
-/

r/ M@/l\of’\\/’\\/\«/\\

HO" N AN N
1/\ /J\Q/‘\,/\/‘\/"\

4-1-R,
HNMR (300 MHz, Chloroform-d} 8 4.65 {q,./J= 54 Hz, 3H), 3.54 (dt, /=96, 6.6 Hz,
9H), 338 (did, /== 9.6,6.3,33 He, 6H) 254, J=51Hz 2H), 251 - 233 {m, i0H), 1.59-
1.44 (m, 20H), 1 34 ~ 1.16 (m, 40H}, 0.93 - 0.79 (m, OH).
I/"\/\o/\'\./\\/\\/’“\
/E R o S e A NI
( (oo

HO" ™ NN RN Y o o T NSl
15 4-1-Ry

3
3
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'H NMR (400 MHz, Chioroform-) & 4.65 (s, 6H), 3.53 — 3.49 (m, 14H), 2.55(d. /=50
Hz, 2H), 2.52 ~ 2.28 (m, 10H), 1.61 — 1.53 (m, 14H), 1.46 — 1.40 (t, /= 7.2 Hz, 6H), 1.41 ~ 1.25
(m. 30H), 0.93 — 0.82 (m, 9H).

NN
K\V/\V/W/\V/
HO o~ NN oo e~
4-2-R,
5 'H NMR (300 MHz, Chioroform-d) & 3.80 - 3.77 (m, 2H), 2.65 — 2.34 (m, 12H), 1.71 -

163 (m, 4H), 154 - 135S {m, 6H), 1.35-1.17 (m 54H), 0.95 - 0.82 (m, SH).

7~

[

/\V/VT (\/\
HO\/’"\/N\/"\/N\I !
N © AN
\N\é? T

'H NMR (300 MHz, Chloroform-d) § 4.80 {p, J= 6.3 Hz, 3H), 3.78 (, /= 5.1 Hz, 2H),
263, J=54Hz 2H) 258 -231 (m, 10H), 228 (t, /=75 Hz, 6H), 1.73 — 1.36 (m, 28H)},
10 132 -1.20(m, 42H), 0.91 - 0.82 {m, 18H).

G\ng
r/’\v/\ /’E
: ,\/\/\/7'( \v/’\,/’\
E \/,\/\1
4-3-R,

'H NMR (300 MHz, Chioroform-) § 4.89 — 4.74 (m, 3H), 3.55 (t, /= 4.0 Hz, 2H), 2.77
~2.31 (m, 12H), 2.28 (t, ./ = 7.5 Hz, 6H), 1.68 - 1.40 (m, 28H), 1.36 ~ 1.17 {m, 44H), 0.93 -
0.81 (m, 1SH).

RO NN \/’\\/E\

E/’\/\Q/\o/‘\/\/’\
7 Ny -
( ‘/’\/\/ O NOT T NN
HO e A N o g
4-3-R
15 9
H NMR (300 MHz, Chioroform-d) & 4.68 (s, 6H), 3.66 =358 (m, 2H), 3.54 ({, J=6.6
Hz, 12H), 2.98 — 2.34 (m, 12H), 1.79 ~ 148 (m, 24H), 1.47 — 1.26 (i, 30H), 0.97 - 0.85 (m,

9H).
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T

o\./ NN N N
L/’\\f/\v

T
4-4-R, '

'H NMR (300 MHz, Chloroform-d) 8 4.80 (p, J = 6.3 Hz, 3H), 3.62 (t, J = 6.6 Hz, 2H),
243 ~2.35 (m, 12H), 2.27 (t, J = 7.5 Hz, 6H), 1.67 ~ 1.37 (m, 30H), 1.35 — 1.20 (m, 4411, 0.93
~0.79 (m, 18H).

H

O/J\o/‘\/’\,/\/‘\
J

r/' r/\/\o/'\o/\/\/\/\
HO\/\/\\/ N NN N ~ ;

'\\/\ofi\of’\v/\\/’\\/‘*\
s 44R,

'H NMR (400 MHz, Chioroform-d) 6 4.66 (q, J = 5.4 Hz, 3H), 3.70 ~ 3.47 (m, 8H), 3.43
—3.34 (m, 6H), 2.66 — 2.24 (m, 12H), 1.60 — 145 (q, J = 18.5, 12.9 Hz, 20H), 1.39 - 1.21 m,

39H), 0.88 {1,/ = 6 8 Hz, OH).
J/\/ BV N g o

HOF N TN N N N W P e N e NP
4-5-R,

10 'H NMR (300 MHz, Chioroform-d) 6 3.62 (1, ./ = 6.3 Hz, 2H}, 2.64 - 2.48 (m, 12H), 1.76
~ 1.67 (m, 2H), 1.60 — 1.41 (m, 10H), 1.40 — 124 (m, S6H), 0.87 (1, /= 6.6 Hz, OH). MS (m/z):
[M+Nal™ caled. For CiiHzoN.Qs, 679.7; found: 6799,

NN
~.

.f) r/\v/\/:\/\gﬁ\[\vfw

HOfN/\/*\/‘\!*\/\/N :
E\\v/\\/’\/ o AN
48R, \g \(N |
1 NMR (300 MHz, Chioroform-d) 5 481 (p, J = 6.3 Hz, 3H), 3.63 (t, J = 6.6 Hz, 2H),
1S 243 -2.25 (m, 12H), 228 (¢, J= 7.5 Hz, 6H), 1.64 — 1.47 (m, 22H), 145 — 1.37 (m, 8H), 1.35
1.16 (ro, 461, 0.92 — 0.80 (m, 18H) MS (m/z): [M+Nal caled. For CuaHoNa0s, 979.9; found:
979.9.

OW,GIN,\.
|
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O
O/"i\o/\v/\f\v/\

g o
/ =_//\\ /\QJL‘Q/\\./"\/"\.//\
HO" ™S N AN

o}
AN O/E\O”V'\\/’\v/‘\
4-5-R,

'H NMR (300 MHz, Chloroform-d) § 4.29 - 3.98 (m, 12H), 3.63 (td, /= 6.6, 2.4 Hz,
ZH), 3.49 343 {m, 1H), 2.70 - 2.23 (m, 12H), 1.74 - 1.62 (m, 12H}, 1.60 — 1.41 {(m, 12H),
1.40 —1.22 (m, 34H), 0.97 - 0.79 (m, 9H).

r/OI“O\Vf\/’\/‘V’“\V/

P
l/"\/'\/o\ﬁfo\/\\/\\/'\v/\\//
HO e N @
l/\/oxﬁzovf\/\/\/\/
5 43R, o

'H NMR (300 MHz, Chioroform-d) § 4.11 (¢, J = 6.6 Hz, 12H), 3.63 {t, J= 6.6 Hz, 2H),
2.51—2.18 (m, 12H), 1.67 (b, /= 6.9 Hz, 12H), 1.59 — 1.52 (m, 4H), 1.44 — 1.26 (m, 60H), 0.94
~0.79 {m, 9H). MS (m/z): [M+Nal" caled. For CraHzeNa03, 985 8; found: 985.9.

e

-~

[

O
( (\/\\/\O)L‘O/\M“’”\/\

HO e

O
/\OJL\O./”\/’\\//‘\V/\V/\
45-R,

10 'H NMR (300 MHz, Chioroform-d} § 4.11 (1, J= 6.6 Hz, 12H), 3.63 (t, /= 6.6 Hz, 2H),
2374, /=71 He, 12H), 1.72 - 1.62 {m, 12H), 1.59 — 152 (mu, 4H), 1.46 - 1.21 {m, 66H), (.94
—~ (.80 (m, 9H). MS (m/2): [M+Na]" caled. For CiaHsoNa0s, 1027.9; found: 1027 9.

()/J\Q/‘\/\\/\/"\
p
r’E [/“\/“ \OJ\Q/‘\/‘\/ SN

HO ™ N N R Nt N T\
ANy

S NN
45-R,

H NMR (300 MHz, Chioroform-d) & 4.65 (q, J = 5.4 Hz, 3H), 3.64 - 3.51 (m, 8H), 3.43
15 ~3.34 (m, 6H), 2.51 ~ 2.29 (m, 12H), 1.60 ~ 1.39 (m, 24H), 137 - 1.19 (m, 44H), 0.87 (1, J =
6.6 Hz, 9H).
80
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E,f\oz‘!\ o NN,
."/)
,/‘ (/\v"'\//\()/l\of\/\v/'\
MO N N N NN

i‘\/\/’\ofj\of\./\,/‘\
4-8-R,

' NMR (300 MHz, Chioroform-d) & 4.66 (g, J = 5.4 Hz, 3H), 3.68 — 3.49 {m, §H), 3.39
{dt, /=93, 6.6 Hz, 6H), 246227 {m, 12H}, 1.64 - 149 (m, 16H), 1.49 - 116 (m, 52H), 0.95
—0.79 {m, 9H). MS (m/z): [M+Nal" caled. For CuaHzoNa03, 859.8; found: 859.9.
N N N N N N N
N o OO

A OO
s 4-5-R,

1 NMR (300 MHz, Chioroform-d) 6 4.65 (s, 6H), 3.61 (1, /= 6.6 Hz, 2H), 3.51 (1, J =
6.6 Hz, 12H), 2.45 — 2.30 (m, 12H), 1.63 — 1.49 (m, 16H), 1.62 — 1.42 (m, 42H), 0.93 — 0.81 (m,
9H). MS (m/zy. [M+Na]" caled. For CuabaoNa(s, 817.8; found: 817.9.

@ W
HQ’JL\/ N SN N N
7-1-R,
10 H NMR (400 MHz, Chloroform-} 6 3.17 (s, 2ZH), 297 {q, /=74, 6 8 Hz, 2H), 2.94

2.79 (m, 4H), 2.63 (1, J = 6.0 Hz, 2H), 243 (t, J= 7.2 Hz, 2H), 1.85 — 1.73 {m, 2H), 1. 73 — 1.56

{m, 4H), 147 (t, /= 7.6 Hz, 2H), 1.31 — 1.19 {m, 54H), 0.88 (t,./ = 6.8 Hz, OH).
OTC}\Q/\\’/ﬁ
TN
5 o
o /’\vf\/\/j; (\/\7

Hafll\v“\,/\,ﬂk
/\\/"\\/KO /\/\l
7-1-R, : 1

'H NMR (400 MHz, Chioraform-d) & 4.80 (p, /= 6.4 Hz, 3H), 3.15 (5, 2H), 2.96 (t, J =
15 6.0 Hz 2H), 2.92 - 2.80 (m, 4H), 2.59 (d, /= 6.0 Hz, 2H}, 2.41 (t, J= 8.0 Hz, 2H), 227 (. J =
7.6 Hz, 6H), 1.78 (t, J= 6.4 Hz, 2H), 1.71 — 1.37 (m, 24H), 1.35 - 1.18 (m, 42H), 0.86 (1, /= 7.6
Hz, 18H),
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oy

O

J/\Q’jL()MW\/\

O
(( ( N N \Q-"J\Q/ RN NP VNN
HO)L\/

N\/”\\f L
/‘\/’\Q e g S VR Nl el N
7-1-R,

'H NMR (400 MHz, Chioroform-) 5 4.11 (t, /= 6.8 Hz, 12H), 3.16 (s, 2H), 2.95 (1, J =
5.6 Hz, 2H), 2.92 — 2.79 (m, 4H), 2.60 (br. s, 2H), 2.43 (br s, 2H), 1.83 — 1.73 (m, 2H), 1.7
1.62 (m, 16H), 1.54 — 1.17 (m, 56H), 0.87 (t, J = 6.8 Hz, 9H).

)/”\QJ\(;)’"\/”\/ ™~

o r” ’//\/\/f’\ofJ\of*\»”\/\\

Hg/u\/ NN
1/\/\ij\0/\«/"\/"\
s 7-1-Rg
'H NMR {400 MHz, Chioroform-} § 4.66 {q, /= 5.2 Hz, 3H), 3.65 - 3.47 (m, 6H}, 3.43

~3.35 (m, 6H), 3.16 (s, 2H), 2.96 (1, J = 6.0 Hz, 2H), 2.92 — 2.75 (m, 4H), 2.60 (t,./ = 5.6 Hz,
2H), 2.42 (1, /= 7.6 Hz, 2H), 1.77(q, J = 6.0 Hz, 2H), 1.73 — 1.61 (m, 4H), 1.60 — 1.53 (m,
12H), 1.51 = 1.17 {m, 41H), 0.89 (1, ./ = 6.8 Hz, OH).

/(v\@/\o/\f\/’\
O M/\\QAQW

{Q)\\/ N~ NP NV Ve S N

10 7-4-R,

'H NMR (300 MHz, Chioroform-d) 6 4.65 (s, 6H), 3.51 (1,./= 6.3 Hz, 12H), 3.16 (s,
oH), 2.96 (t, /= 6.0 Hz, 2FH), 2.91 — 2.86 (m, 4H), 2.62 (br s, 2H), 2.44 (, /= 6.0 H, 2H), 1.84 -
1.74 (m, 2D, 1.72 ~ 1.52 {m, 16H), 1.51 ~ 1.18 (m, 32H), 0.98 — 0.81 (m, OH).

AAJT\”W

N\/\/\If \(»Aj

\é/‘\/ \/’\¢
L/W/ﬁf m
7-2R, Y
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"H NMR (400 MHz, Chloroform-) & 4.83 (p, J = 6.0 Hz, 3H), 2.88 (t, J = 6.4 Hz, 2H),
274 (t, J="7.6Hz, 2H), 2.71 ~ 2.64 {m, 2F), 2.63 ~ 2.41 {m, 6H), 2.31 (1, .J = 7.6 Hz, 6H), 1.82

(brs, 27H), 1.71 — 1.43 (m, 22H), 1.39 — 1.05 (m, 44H), 0.91 — 0.87 m, 18H).
o]
E,/\Ofﬁ\of\\./‘\//\\/’\/’\

J o
rf r”‘\/“\«/\c}\o/\v/\\/’\v/\\/f“\

HGO A N NPT N ~ o
\([L/ E\\f’\\/f'\ofli\gf’\vf I W VS

TR,

5 "H NMR (400 MHz, Chioroform-d) § 4.14 (¢, /= 6.8 Hz, 12H), 2.87 (t, /= 6.4 Hz, 2H),
2.76 — 2.61 {m, 4H), 2.54 — 2.46 (m, 8H), 1.79 — 1.55 (m, 16H), 1.54 — 1.17 {m, 60H), 0.90 (1, ./
= 6.8 Hz, OH).

/\QJ\Q/\/’\/’A\
g

J /\/’\/\oj\of\/’\\/"\
N

. {
H Cj\i)/\/ AN
\L\/’\\/"\o)\o/“\/’\/‘“\
7

2-Rg

'H NMR (400 MHz, Chloraform-d) & 4.65 (g, /= 5.6 Hz, 3H), 3.57 — 3.49 (m, 6H), 3.41

353 (m, 6H), 2.84 (t, J = 6.4 Hz, 2H), 2.70 - 2.61 m, 4H), 2.51 - 2.40 (m, 8H), 1.70 (, ./ = 7.8
Hz, 2H), 1.57 — 1.51 (m, 14H), 1.47 — 1.24 (m, 43H), 0.87 (. /= 6.8 Hz, 9H),

10

W

7-3-R,
'H NMR (300 MHz, Chioroform-) 5 2.80 — 2.73 {m, 4H), 2.71 — 2.62 (m, 2H}, 2.62 —
2.38 (m, SH), 1.89 — 1.82 {m, 4H), 1.60 (dt, /= 13.8, 9.0 Hz, 2H), 1.53 ~ 1.36 (m, 4H), 1.32 ~

15 117 {m, 54H), 0.88 (t, /= 6.6 Hz, SH).
[CNge)

SNENENN
o~ 7
0 !/ rf\/\/\wmf0\/\/\j
H Qf"“\/\/ N~ ~

;;zz/\/\/wo\;:\/w
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H NMR (300 MHz, Chloroform-) & 4.80 (p, J = 6.3 Hz, 3H), 2.78 — 2.71 (m, 4H), 2.70
~2.61 {m, 2H), 2.61 ~ 2.35 (m, 8H), 2.28 {1, J= 7.5 Hz, 6H), 1.86 ~ 1.70 (m, 4H), 1.66 ~ 1.36
(m, 24F0), 1.36 — 1.18 (m, 42F), 0.95 — 0.78 (m, 18H).

R I
Ho\g’“\/’\\/ N WW
7-4-R,
5 HNMR {400 MHz, Chloroform-d} § 2.91 ~2.64 (m, 6H), 2.59 -2.38 (m, 6H), 225 (t, J

= 6.0 Hz, 2H), 1.80 — 1.69 (m, 2H), 1.69 — 1 58 (m, 4H), 1.58 — 1.49 {m, 2H), 1 47 - 1.39 (m,
4H), 133 — 1.17 (m, 54H), 0.89 (1, J = 6.8 Hz, 9H).

Shen
}/\/\ r/\/\x\/\/:’l\«*\'

Ny TN \/\/ ~
& \/‘\/‘\/"\,/QL ’W

HC

7-4-R,

'H NMR (400 MHz, Chloroform-d) 8 4.81 (p, J = 6.4 Hz, 3H), 2.84 — 2.64 m, 6H), 2.58

10 —2.41 (m, 6H), 2.31 —2.20 (m, 8H), 1.80 — 1.69 {m, 2H), 1.69 — 136 (m, 28H). 1.36 — 1.08 (m,
42H), 0.88 — 0.84 (m, 18H).

Saenl

HO S ™™ AN ~

7_5“;\2/\/\/\4%/ 1/%

'H NMR (400 MHz, Chloroform-d} § 4.81 (ddd, /= 12.4,6.8 55 Hz 3H), 2.72(d, /=
8.6 Hz, 6H), 2.45 (q, /= 9.5, 7.8 Hz, 6H), 2.28 (t, J= 7.5 Hz, 6H), 2.21 (t, J = 6.6 Hz, 2H), 1.72
15 (t,./=7.38 Hz, 2H), 1.68 — 1.42 (m, 26H), 1.42 - 1.16 (m, 46H), 0.93 — 0.80 (m, 1SH). MS (m/2):
IM+HT" caled. For CooHivN20s, 993 8805, found: 993.8782.
o
’\Q/U\Of\/\/’\v/\v/\
9
a 5/\/\/\,@/”\@/\/\_/\/\/\
HQ)J\\/"\/A\/N\/"\/N O

“”\/"\ofﬁ\of"\\/"\/“\/’\/‘\
7-6-Rg
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"H NMR (400 MHz, Chloroform-) 5 4.10 (¢, J = 6.8 Hz, 12H), 2.78 — 2.58 {m, 6H), 2.49
(p, J=6.8 Hz, 6H), 2.20 (1, /= 6.8 Hz, 2H), 1.76 — 1.56 {m, J=8.5, 7.7 Hz, 16H), 1.55 - 1.46
(m, 6H), 1.45 — .22 (m, S6H), 0.87 (t. J = 6.8 Hz, oH).

o ud LQ’"\\//\\/\V/\\

P
r/I E/’ \/\O/J\C./ N NN
Ho)l\/’\ AN N\//'\/N

\\/’\Q"J\QA\/’“\/’\“/\
7.5,

5 'H NMR (400 MHz, Chioroform-d) § 4.65 {q, /= 5.6 Hz, 3H), 3.62 — 3.49 (m, 6H), 3.45
-331(my, 6H), 2.79 - 2.56 (m, 64}, 2.51 - 236 (m, 6H), 220 (1, /= 6.8 Hz, ZH), 1.71 (brs,
2H), 1.66 — 1.40 (m, 22H), 1.40 — 1.17 (m, 41H), 0.88 (t, /= 6.4 Hz, 9H).
NGO
,_/' E/WOAO/W\

HCO” U\\//\v,/\\/'\a\“‘/‘\\f/ '\,/W\ AO/*\//\\/\
7-5-R,

'H NMR (400 MHz, Chioroform-d) & 4.64 (s, 6H), 3.50 (1, /= 6.8 Hz, 12H), 2.70 — 2.58
10 (m, 6H), 2.58 ~2.39 (m, 6H), 2.20 (1, /= 6.8 Hz, 2H), 1.71 (1, /= 7.8 Hz, 2H), 1.65 - 1.41 {m,
22H), 1.39 — 1.24 {m, 32H), 0.89 — 0.86 (m, OH).
General Procedure for the synthesis of 9-R.
To a solution of amine 8§ {243 mg, 0.15 mmol, 1.0 equiv.) and aldehyde (0.39 mmol, 2.6
equiv.}in THF was add NaBH{CAc) in one portion. The resuliing mixture was stitred for 12 h
15 atroom temperature. THF was removed via rotate evaporation under reduced pressure. The
residue was dissolved in 20 mL of DCM and washed with 10 mL of saturated NaHCO3 aqueous
solution for two times. The organic layer was dried over anhydrous Na:SO4, the solution was
filtered and the solvent was removed under reduced pressure. The residue was purified by silica

gel chromatography (0%--100% Ultra in Bichloromethane) to corresponding product.

(;) H
E NP N
O

HO" ™ \/’\\/ \/"’\/ N N N

3Ry
"H NMR (400 MHz, Chloroform-d) § 3.60 (t, J = 5.2 Hz, 4H), 2.65 — 2.48 (m, 6H), 2.52
~2.48 (m, 2H), 2.41 - 2.37 (m, 41, 1.61 (t, /= 6.4 Hz, 2H), 1.51 — 1.34 (m, 4H), 1.40 -1.19
(m, 36H), 0.87 {t, J = 6.8 Hz, 6H).
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OH
R T N NN
P U
HO ™ Lv\/ N
/‘\n/O\E/\\/
3R, BN

H NMR (300 MHz, Chioroform-d) & 4.80 (p, J = 6.3 Hz, 2H), 3.60 (t, /= 5.1 Hz, 4H),
2.60 (q, J= 6.0, 5.1 Hz, 6H), 2.51 (q, J = 5.8, 4.9 Hz, 2H), 2.47 - 2.34 (m, 4H), 2.27 (1, J= 7.5

Hz, 4H), 1.65 - 1.37 (m, 1SH), 1.32 — 1.20 (m, 28H), 0.89 - 0.83 (m, 12H).
OH o}
E//\\-/'\\/’\O/LL“Q"’ I N NV YN

o N L/ o
\V’/\O/lLO‘/\\//\/M AN

5 9-R,
'H NMR (400 MHz, Chioroform-d) 6 4.13 (t,./ = 6.8 Hz, 8H), 3.64 (1, J = 5.2 Hz, 4H),
2.70 — 2,61 (m, 6H), 2.58 — 2.52 (m, 2FL), 2.51 — 2.39 (m, 4H), 1.72 - 1.62 (m, 10H), 1.53 — 1.24
{m, 40H), 0.90 (1, /= 6.8 Hz, 6H).

OH
L oo
Ho/\/m\/"\/ﬁ\:
E\/\Q/LQ/\V/\\/’\\/"\
5.R,
10 'H NMR (300 MHz, Chloroform-d} 0 4.66{q,./J =54 Hz, 2H), 3.68 - 3.52 {m, &H), 3 44

—336{m, 4H), 2.78 - 239 (m, 12H), 1.67 (1, /=060 Hz, 2H), 1.64 - 1.49 (yu, 12H), 1.40-1.27
{m, 26H}, 0.96 - 0.83 (m, 6H).
QH
\I I
Ho e o SN
9-R,
'H NMR (400 MHz, Chioroform-d) & 4.65 (s, 4H), 3.60 (1, /=52 Hz, 4H), 3.51 (t, /=
15 6.8 Hz, 8H), 2.67 — 2.55 (m, 6H), 2.52 (1, J = 6.2 Hz, 2H), 2.44 - 2.40 (m, 4H), 1.64 - 1.53 (m,
10H), 1.50 — 1.41 (m, 4H), 1.40 — 1.23 (m, 20H), 0.88 (t, /= 6.8 Hz, 6H).

Other advantages which are obvious and which are inherent to the invention will be
evident to one skilled in the art. It will be understood that certain features and sub-combinations
are of utility and roay be employed without reference to other features and sub-combinations.

20 This is contemplated by and is within the scope of the claims. Since many possible embodiments

may be made of the invention without departing from the scope thereof, i is to be understood
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that all matter herein set forth or shown in the accompanying drawings is to be interpreted as
ilfustrative and not in a limiting sense.

The methods of the appended claims are not limited in scope by the specific methods
described herein, which are intended as illustrations of a few aspects of the claims and any
methods that are functionally equivalent are intended to fall within the scope of the claims.
Various modifications of the methods in addition to those shown and described herein are
intended to fall within the scope of the appended claims. Further, while only certain
representative method steps disclosed herein are specifically described, other combinations of
the method steps also are intended to fall within the scope of the appended claims, even if not
specifically recited. Thus, a combination of steps, elements, components, or constituents may be
explicitly mentioned herein or less, however, other combinations of steps, elements,

components, and constituents are included, even though not explicitly stated.

[#.5]
~3
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CLAIMS

What is claimed is:

i

A composition comprising a compound defined by Formula |, or a pharmaceutically

acceptable salt thereof:

RiZ R‘E 3

HOAR'EO/N\RT‘E’ ~

I
wherein
RY is substituted or unsubstituted C1-Cs alkyl;
R is substituted or unsubstituted C1-Cs alkyl;
R BB and R are each independently substituted or unsubstituted Ce-Cao alkyf;

with the proviso that when R* is —CsHio— and R is —CsHe—, then R RY and RM

-
are not all NN NN ; and

are not all

r

(%)

aliyl.

with the proviso that when RY is —CsHio— and R is —C3Hs—, then R'2, R, and R¥
The composition of claim 1, wherein RY is a substituted or unsubstituted C2-Ca alkyl.

The composition of claim 1 or claim 2, wherein R' is a substituted or unsubstituted Cs

The composition of any one of claims 1-3, wherein R'! is an unsubstituted C2-Cy alkyl.
The composition of any one of claims -4, wherein R'! is an unsubstituted Cx alkyl.

The composition of any one of claims 1-5, wherein the compound is defined by Formula

or a pharmaceutically acceptable salt thereof.

B3
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7. The composition of claim 6, wherein R is an unsubstituted Ci-Cs alkyl.

8. The composition of any one of claims 1-7, wherein the compound is defined by Formula

{-B, or a pharmaceutically acceptable salt thereof’

R12 R?B
[ .
HQ/\&I}HNWNVRM
i-B

wherein 1 i3 an integer from | to S.

9. A composition comprising a compound defined by Forroula I-A, or a pharroaceutically

acceptable salt thereof:

=] 12 R 13
1 .
HO/’\R'K}MNWNVR
i-A
wherein
R'Y is a substituted C1-Cs alkyl or an unsubstituted C1-Ca alkyl; and

R R’ and R are each independently substituted or unsubstituted Ce-Cao alkyl.

0. The composition of claim 9, wherein R' is an unsubstituted C1-Ca alkyl,

11 A composition comprising a compound defined by Formula I-B, or a pharmaceutically

acceptable salt thereof

R12 13
[ [
HQ/\(S%’RNWNVRM
i-B

wherein
n s an integer from 1 to 4; and
R'* RY and RY are each independently substituted or unsubstituted Ce-Cao alkyl.

12.  The composition of any one of claims 1-11, wherein R" R and R' are each

independently a substituted or unsubstituted Cio-Cie alkyl,
8%
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13.  The composition of any one of claims 1-12, wherein R¥2, RP and R are each

independently a linear or branched unsubstitited Cio-Cig alkyl.

14, The composition of any one of claims 1-13, wherein R™ RY and R' are each

independently a linear or branched substituted Cio-Crs alkyl.

15, The composition of any one of claims 1-14, wherein R!2, RY, and RY are each
independently a linear or branched Cio-Cis ablyl substituted with one or more substituents

selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester.

16,  The composition of any one of claims 1-15, wherein RY, R and R are independently

selected from the group consisting of
o
O N

O o]
%\/\Of’ikamw Z /’A\\//’\\O'/ik(}/\\v’/\f\

b e e P g

2

B N N S T 9
\g ;’LW\/AO/H\OW\/A\V/’\\ ’

2

fWQJ\Q’/\\/’/\ PNy }{\\/’\\/\Q‘J\C}Wm
SO \O/\O/\"M, and pharmaceutically acceptable salts thereof.

17.  The composition of any one of claims 1-16, wherein R' R" and R are each the same.

18. A composiiion comprising a compound defined by Formula I-C, or a pharmaceutically

K\N\E{WW
M\[\/\l

/\B’\(\/\T

acceptable salt thereof:

I-C

wherein n is an integer from 1 to 4.
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19.

group consisting of’

l/‘\/"\, P Vg
NN N

The composition of any one of claims 1-]

PCT/US2022/049369

&, whereiu the compound is selected from the
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combinations thereof

, pharmaceutically acceptable salts thereof] and

20, The composition of any one of claims 1-19, wherein the compound is selected from the

group consisting of:
SNl N g
./J //‘\/MM s J//\v’*\/’\/”\/’\\/’
‘s N
HO N N ~r N N N ’\\/’\\/W HQ/\MZ SN T TN TN TN TN N

e PR AN e e ,
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pharmaceutically acceptable salts thereof, and combinations thereof.
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21, The composition of any one of claims 1-20, wherein the compound is selected from the

group consisting of’
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22, The composition of any one of claims 1-21, wherein the compound is selected from the

Inpesse
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group consisting of:
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combinations thereof.

, pharmaceutically acceptable salts thereof, and

~

23, The composition of any one of claims 1-22, wherein the compound is selected from the

group consisting of’

/’\./’“\‘f’\}('o\\./’\\/'\\l gzo\:f’\\./ \T
J s S
r fAv,V\/A\?‘./ & \Y/\\/\\: (x r/\\/,ﬁ\/ /v-ru \[A\‘\/\l
HO" ™ ANGFONL 0N ; HQ’/\(\%N NN N\I
l/v\,/io\,/\f/\\ L\“/\’/\f\af’@\:‘ /\\/\l
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pharmaceutically acceptable salis thereof, and combinations thereof.

24 A composition comprising a compound defined by Formula I, or a pharmaceutically

acceptable salt thereof:

wherein
R'? is substituted or unsubstituted C1-Cs alkyl,
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R is substituted or unsubstituted C1-Cs alkyl;

RY RY™ and R are each independently substituted or unsubstituted Ce-Cop alkyl;

with the proviso that when R'® is —CsHio— and R'® is —C3Hs—, then RY, R*™® and R*
are not all MW and

with the proviso that when R is —CsHio— and R is —C3He—, then RV, R*® and RY
J{\/V\/\E/Qm

are not ail

25, The composition of claim 24, wherein R'® is a substituted or unsubstituted C2-Cs alkyl.
26. The composition of claim 24 or claim 25, wherein R'® is a substituted or unsubstituted Cs
atloyl.

27 The composition of any one of claims 24-26, wherein R is an unsubstituted Ca-Cs alkyl.
28 The composition of any one of claims 24-27, wherein R® is an unsubstituted Cs atkyl.
29, The composition of any one of claims 24-28, wherein the compound is defined by

Formula H-A:

5 R'H’ R’IS
P i\rs/ s#sr R
HO RIS N
H-A

or a pharmaceutically acceptable salt thereof.
30.  The composition of any one of claims 24-29, wherein R" is an unsubstituted C1-Cs alkyl.

31 The composition of any one of claims 24-30, wherein the compound is defined by

Formula H-B, or a pharmaceutically acceptable salt thereof’

RT? R18
O
Nf EE/ P19
HO)J\Hm S NN
i-B

wherein m is an integer from 1 to 5.
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32. A composition comprising a compound defined by Forroula H-A, or a pharmaceutically

acceptable salt thereof:

R17 R18
O
N N( R®
HO SR ST
H-A

wherein
R1%is a substituted C1-Cs alkyl or an unsubstituted C1-Ca alkyl; and

RY RY and RY are each independently substituted or unsubstituted Ce-Cao alkyt.
33 The composition of claim 32, wherein R' is an unsubstituted Ci-Cs alkyl.

34, A composition comprising a compound defined by Formula 1B, or a pharmaceutically

acceptable salt thereof’

R’l'{' R'HS
G
O ke
HO)LHm S NN
H-B

wherein
m is an integer from 1 to 4; and

RY R¥® and RY are each independently substituted or unsubstituted Cs-Cao alkyl.

35, The composition of any one of claims 24-34, wherein RY, R and R' are each

independently a substituted or unsubstituted C1o-Ciz alkyl.

36.  The composition of any one of claims 24-35, wherein R'7, R'® and R" are each

independently a linear or branched unsubstituted Cio-Cis alkyl.

37.  The composition of any one of claims 24-36, wherein RY, R'™ and R" are each

independently a linear or branched substituted C10-Cis alkyl.

38.  The composition of any one of claims 24-37, wherein RY, R™, and R are each
independently a linear or branched Cio-Chs alkyl substituted with one or more substituents

selected from the group consisting of ester, ether, acetal, carbonate ester, and carbamate ester.
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39, The composition of any one of claims 24-38, wherein RV, R" and R" are independently

selected from the group consisting of:

o

O
WQ”EJ\OA\W\ }{"\,/'\V/\Q/EL\()/\/"\\/\
A\\/ o
}?{\//\/’\Q/H\QWM

E{\/\/O\gg

S \O/I\O/\v/\/\/\ W\\X/\QJ\Q’A\//\/ R
AN ONS :
O/\OM/\, and pharmaceutically acceptable salts thereof.

40.  The composition of any one of claims 24-39, wherein R'7, R*® and R are the same.

41, The composition of any one of claims 24-40, wherein the compound is selected from the

group consisting of’

J/\/’\,/‘\N r’\/‘\/’\/\/
HO NN oo O 2N NFAPL NS S T e
/(Vr\ PN Ny PPN
&) o NP N N N o PN S e

4 O/[LE\/!%N N N \/\//\\,"A\//\f\/, HO)LWAN N N o NI N N N

IRSSSSe! ST
Ho/lL\/N\/"\fE\'I 1\ /\7 Hoj\(\g’ \,/‘\/r/\ /jf \C\/’\}
\,/\/\/W \k /w \/\/ \/\g m
/\/‘\/‘\g’ \;:\/\’ E/\/\/\EQ\I/\/\%

i .
H J/\/‘\/\/“\, \V/\\/\ o) (\/M/\E/O\C\/\l
Ho/u\fvf \«/\/NL EEAN " Ho” ,AN‘“/\”N\.

NN N PN =\/\./\/\gfo “\/w
O 8¢

N
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pharmaceutically acceptable salts thereof, and combinations thereof.
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42, The composition of any one of claims 24-41, wherein the compound is selected from the
group consisting of’
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pharmaceutically acceptable salts thereof, and combinations thereof.

43, The composition of any one of claims 24-42, wherein the compound is selected from the
group consisting of’
A\/’\/Av/\\/’
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pharmaceutically acceptable salts thereof, and combinations thereof

3

44, The corposition of any one of claims 24-43, wherein the compound is selected from the

group consisting of’
8]
/\Q)Lo/\\/’\v/\v/\v’\
~

SN NP v /[ o
/r NN i‘ f N~ \/\Q-) J\( Rl N N N
[ ﬁ\/ M\M,s\\ N \L o
HQ/U“\/ N N N /\/\O/J\Q/\/\/\/\/\
r”'\f}/l\()/\\«/\f/\

o}
/\Q,Jj\c)x\_/\\/‘\/\\/\

J
J/ q o) J/ r/\/ \,/\Q/J\Q/ N NS

P N % J\o/ N N I TN i
H C}/J\/ NN

Lm)i N~ NL o \L\/ /L
’\\_/\O/U\»O/ N e P /\v/\o C'/ R N X

>

pharmaceutically acceptable salts thereof, and combinations thereof.

45, A composition comprising a compound defined by Formula I, or a pharmaceutically

acceptable salt thereof’

OH
L\\) 21
3/ 22
HO/WN\RZG”N\/R

1t
wherein
R?%is substituted or unsubstituted C1-Cs alkyl; and

R?! and R* are each independently substituted or unsubstituted Ce-Czo alkyl,

46, The composition of claim 45, wherein R? is a substituted or unsubstituted C2-Cs alkyl
7. The composition of claim 45 or claim 46, wherein R?® is a substituted or unsubstituted Cs
atkyl.
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48 The composition of any one of claims 45-47, wherein R? is an unsubstituted Co-Ca alkyl.
49, The corposition of any one of claims 45-48, wherein R% is an unsubstituted Cs alkyl.

S0.  The composition of any one of claims 45-49, wherein the compound is defined by

Formula HI-A:

OH

21

™~ [/ R

i 22
HQ/\\/N\/\\/N\/R
IH-A
or a pharmaceutically acceptable salt thereof.

51 The composition of any one of claims 45-50, wherein R* and R*? are each independently
a substituted or unsubstituted Cio-Cie alkyl.
52.  The composition of any one of claims 45-51, wherein R*' and R* are each independently
a linear or branched vnsubstituted Ciro-Cis alkyl.
53.  The composition of any one of claims 45-52, wherein R?" and R* are each independently
a linear or branched substituted Cio-Cis alkyl.
S4. The composition of any one of claims 45-33, wherein R* and R* are each independently

a linear or branched Cio-Cis alkyl substituted with one or more substituents selected from the

group consisting of ester, ether, acetal, carbonate ester, and carbamate ester.

55, The composition of any one of claims 45-54, wherein R?! and R*? are independently

selected from the group consisting of’

X\\/\/\/\gg\?/\/w
0 0
.}{\\//\Q’/EL\Q’W’\\’ E{WO)L‘QA\«/\\’ /\\g

>

}{"\/’\JO : N N N NN ji}\
E’/ M\o S i N N NP )

2
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j’f\/\(ﬁ)"J\c}/\\ PN NN WQJ\O/\\/’\\/\
EMAOAQ’W\\, and pharmaceutically acceptable salts thereof.

56. The composition of any one of claims 45-55, wherein R* and R* are the same.

$7.  The composition of any one of claims 45-56, wherein the compound is selected from the

group consisting oft
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combinations thereof.
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S8,  The composition of any one of claims 45-57, wherein the compound is selected from the
group consisting of’
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pharmaceutically acceptable salts thereof, and combinations thereof.

60, A method of making the composition of any one of claims 1-59.

61, Alipid particle comprising the composition of any one of claims 1-59.

62. The lipid pasticle of claim 61, wherein the lipid particie is substantially spherical in
shape.

63. The lipid particle of claim 61 or claim 62, wherein the lipid particle has an average

particle size of from 30 nanometers (nm) to 800 nm.

64.  The lipid particle of any one of claims 61-63, wherein the lipid particle has a

polydispersity index of 0.5 or less.

65.  The lipid particle of any one of claims 61-64, wherein the lipid particle further comprises

an additional component.

66.  The lipid particle of claim 65, wherein the additional component comprises an additional
lipid.
67. A pharmaceutical composition comprising a therapeutic agent encapsulated within the

lipid particle of any one of claims 61-66.

68, The pharmaceutical composition of claim 67, wherein the therapeutic agent s

encapsulated within the lipid particle with an encapsulation efficiency of 30% or more.

69, The pharmaceutical composition of claim 67 or claim 08, wherein the therapeutic agent
comprises an anticancer agent, an anfi-inflammatory agent, an antimicrobial agent, or a

combination thereof
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70.  The pharmaceutical composition of any one of claims 67-69, wherein the therapeutic
agent comprises a viral antigen, a tumor antigen, a gene editing component, a protein

replacement component, an immunoregulatory agent, or a combination thereof.

71, The pharmaceutical composition of any one of claims 67-70, wherein the therapeutic
agent comprises a chemotherapeutic agent, an immunctherapeutic agent, or a combination

thereof,

72. The pharmaceutical composition of any one of claims 67-71, wherein the therapeutic

agent comprises a nucleic acid.

73.  The pharmaceutical composition of clairo 72, wherein the nucleic acid is mRNA.
74. A method of making the pharmaceutical composition of any one of claims 67-73.
7S. A method of treating a disease in a subject in need thereof, the method comprising

administering to the subject a therapeutically effective amount of the pharmaceutical

composition of any one of claims 67-73.

76. A method of suppressing tumor growth in a subject, comprising contacting at least a
portion of the tumor with a therapeutically effective amount of the pharmaceutical composition

of any one of claims 67-73.
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