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NOVEL IONIZABLE LIPIDS AND LIPID NANOPARTICLES
AND METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of priority to U.S. Provisional Application No. 63/264,149
filed November 16, 2021, which is herein incorporated by reference in its entirety.

BACKGROUND

Lipid nanoparticles (“LNPs”) formed from ionizable amine-containing lipids can serve as
therapeutic cargo vehicles for delivery of biologically active agents, such as coding RNAs
(i.e., messenger RNAs (mRNAs), guide RNAs) and non-coding RNAs (i.e. antisense, siRNA),
into cells. LNPs can facilitate delivery of oligonucleotide agents across cell membranes and
can be used to introduce components and compositions into living cells.

Biologically active agents that are particularly difficult to deliver to cells include proteins,
nucleic acid-based drugs, and derivatives thereof, particularly drugs that include relatively
large oligonucleotides, such as mRNA or guide RNA. Compositions for delivery of promising
mRNA therapy or editing technologies into cells, such as for delivery of CRISPR/Cas9
system components, have become of particular interest.

With the advent of the recent pandemic, messenger RNA therapy has become an increasingly
important option for treatment of various diseases, including for viral infectious diseases and
for those associated with deficiency of one or more proteins. Compositions with useful
properties for in vitro and in vivo delivery that can stabilize and/or deliver RNA components,
have also become of particular interest.

There thus continues to be a need in the art for novel lipid compounds to develop lipid
nanoparticles or other lipid delivery mechanisms for therapeutics delivery. This invention
answers that need.

SUMMARY OF THE INVENTION

Disclosed herein are novel ionizable lipids that can be used in combination with at least one
other lipid component, such as neutral lipids, cholesterol, and polymer conjugated lipids, to
form lipid nanoparticle compositions. The lipid nanoparticle compositions may be used to
facilitate the intracellular delivery of therapeutic nucleic acids in vitro and/or in vivo.

Disclosed herein are ionizable amine-containing lipids useful for formation of lipid
nanoparticle compositions. Such LNP compositions may have properties advantageous for
delivery of nucleic acid cargo, such as delivery of coding and non-coding RNAs to cells.
Methods for treatment of various diseases or conditions, such as those caused by infectious
entities and/or insufficiency of a protein, using the disclosed lipid nanoparticles are also
provided.

Disclosed below are ionizable lipids of Formulas (I0)-(VIIO) and Formulas (I)-(VIID).

In some embodiments, disclosed are ionizable lipids of Formula (10):
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A—X—B

TR

R1 Ry (1I0), pharmaceutically acceptable salts
thereof, and stereoisomers of any of the foregoing, wherein:

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, or

R1 and Rz are taken together to form a cyclic ring;

each Rio and Ruu is independently H, C1-C; branched or unbranched alkyl, C>-Cs
branched or unbranched alkenyl, or Rio and Ru1 are taken together to form a heterocyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

Z is absent, O, S, or NRi2, wherein Rz is H, C1-C7 branched or unbranched alkyl, C»-
C- branched or unbranched alkenyl, provided that when Z is not absent, the adjacent R1 and
Rz cannot be OH, NR1oR11, or SH;

each A is each independently C1-C16 branched or unbranched alkyl, or C>-Cis
branched or unbranched alkenyl, optionally substituted with heteroatom or optionally
substituted with OH, SH, or halogen;

each B is each independently C;-Cis branched or unbranched alkyl, C,-Cis branched
or unbranched alkenyl, optionally substituted with heteroatom or optionally substituted with
OH, SH, or halogen; and

each X is independently a biodegradable moiety.

In some embodiments, X is -OCO-, -COO-, -NHCO-, -CONH-, -C(0O-R13)-O-, -COO(CH23)s-,
-CONH(CH)s-, -C(0O-R13)-O-(CHa)s-, wherein Ru3 is C3-Cyo alkyl and sis 1,2, 3,4, or 5. In
some embodiments, X is -OCO- or -COO-.

In some embodiments, disclosed are ionizable lipids of Formula (I) or (IA):

R1 R2 /A_X_B
z N
Roo—N SA—X—B
/ n
R Ry Ry vy (),
R, A—X—B

A
" ( R (IA),

pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R20 and Rz are each independently H, C1-Cs branched or unbranched alkyl, or C»-Cs
branched or unbranched alkenyl, or

R20 and Rio together with the adjacent N atom form a 3 to 7 membered cyclic ring,
optionally substituted with R

R?is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;,

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oRu11, or Ry and R» are taken
together to form a cyclic ring;
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each Rio and Ruu is independently H, C1-C; branched or unbranched alkyl, C>-Cs
branched or unbranched alkenyl, or Rio and Ru1 are taken together to form a heterocyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

YisOorS;

Z is absent, O, S, or N(R12)(R12), wherein each Ruz is independently H, C1-C~
branched or unbranched alkyl, or C,-C7 branched or unbranched alkenyl, provided that when
Z is not absent, the adjacent R1 and Rz cannot be OH, NRwoR11, or SH;

each A is each independently C1-C16 branched or unbranched alkyl, or C>-Cis
branched or unbranched alkenyl, optionally interrupted with one or more heteroatoms or
optionally substituted with OH, SH, or halogen,;

each B is each independently C;-Cis branched or unbranched alkyl, C,-Cis branched
or unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen; and

each X is independently a biodegradable moiety.

In some embodiments, disclosed are ionizable lipids of the following formulas:
/A—X—B
Q y n Vv N\

V),
Rzo
\V\ M A—X—B
RiR,  ATETE L,
A—X—B
R1 R2 A_X_B (VB)’

pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R1is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
OH, halogen, SH, or NR1woRu11, and

R:is H, OH, halogen, SH, or NR1woRu11, or

R1 and Rz are taken together to form a cyclic ring;

Ri10 and Ru1 are each independently H or C1-C; alkyl, or Rio and Ru1 are taken together
to form a heterocyclic ring;

Q is OH or -(OCH2CH2)uNR20RG30,

R20 and Rz are each independently H, C1-Cs branched or unbranched alkyl, or C»-Cs
branched or unbranched alkenyl, or

R20 and Rio together with the adjacent N atom form a 3 to 7 membered cyclic ring
optionally substituted with R?;

R*is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;,

uis0,1,2,3,4,5,6,7, or8;

vis 0, 1,2, 3, or4,

yis 0, 1,2, 3, or 4;

each A is independently C1-Cis branched or unbranched alkyl or C1-Cis branched or
unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen;
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each B is each independently C1-Cis branched or unbranched alkyl or C,-Ci¢ branched
or unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen; and

each X is independently a biodegradable moiety.

In some embodiments, in each of the above formulas, X is —OC(O)-, -C(0)O-, -N(R")C(O)-, -
C(O)N(R")-, -C(O-Ru3)-0-, -C(0)O(CHa)s-, -OC(O)(CHa)s-, -C(O)N(R”)(CHz)s-, -
N(R)C(O)(CH,)s-, -C(O-R13)-O-(CH,)s-, wherein each R’ is independently H, alkyl, alkenyl,
cycloalkyl, hydroxyalkyl, or aminoalkyl, each Rus is independently Cs-Cio alkyl, and each s is
independently 0-16.

Also disclosed herein are pharmaceutical compositions comprising one or more compounds
chosen from the ionizable lipid compounds in the formulas disclosed below, and a therapeutic
agent. In some embodiments, the pharmaceutical compositions further comprise one or more
components selected from neutral lipids, charged lipids, steroids, and polymer conjugated
lipids. Such compositions may be useful for formation of lipid nanoparticles for delivery of a
therapeutic agent.

In some embodiments, the present disclosure provides methods for delivering a therapeutic
agent to a patient in need thereof, comprising administering to said patient a lipid nanoparticle
composition comprising the ionizable lipid compound in the formulas disclosed below, a
pharmaceutically acceptable salt thereof, and/or a stereoisomer of any of the foregoing and the
therapeutic agent. In some embodiments, the method further comprises preparing a lipid
nanoparticle composition comprising the ionizable lipid compound in the formulas disclosed
below, a pharmaceutically acceptable salt thereof, and/or a stereoisomer of any of the
foregoing and a therapeutic agent.

These and other aspects of the disclosure will be apparent upon reference to the following
detailed description.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 represents the average radiance (p/s/cm2/sr) of various compounds in different body
organs and areas in mice.

Fig. 2 shows bioluminescent images in mice liver (1 second after), spleen (1 second and 1
minute after) following administration of various compounds, for various lipids.

Fig. 3 show bioluminescent images in mice after administration of lipid compounds No. 7669
(left) and No. 7671 (right), respectively.

Fig. 4 show bioluminescent images in mice after administration of lipid compounds No. 7668
(left) and No. 7676 (right), respectively.

Fig. 5 show bioluminescent image in mice after administration of lipid compound No. 7650.

Fig. 6 show bioluminescent images in mice after administration of lipids C12-200 (left) and
MC3 (right), respectively.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, the following terms have the meanings ascribed to them unless specified
otherwise.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as s commonly understood by one of skill in the art to which this disclosure belongs.
As used 1o the specification and claims, the singular form "a”, "an"” and "the" include plural
references unless the context clearly dictates otherwise.

Unless the context requires otherwise, throughout the present specification and claims, the
word "comprise" and variations thereof, such as, "comprises” and "comprising" are to be
construed in an open and inclusive sense, that 1s, as "including, but not limited to".

The phrase "induce expression of a desired protein” refers to the ability of a nucleic acid to
increase expression of the desired protein. To examine the extent of protein expression, a test
sample (e.g., a sample of cells in culture expressing the desired protein) or a test mammal
{e.g., a mammal such as a human or an animsal) model such as a rodent (e.g., mouse) or a non-
human primate (e.g., monkey) model is contacted with a nucleic acid (e.g., nucleic acid in
combination with a lipid of the present disclosure). Expression of the desired protein in the
test sample or test animal is compared to expression of the desired protein in a control sample
{e.g., a sample of cells in culture expressing the desired protein) or a control mammal{(e.g., a
marnmal such as a human or an animal) model such as a rodent (e.g., mouse) or non-human
primate {e.g., monkey} model that 1s not contacted with or administered the nucleic acid.
When the desired protein is present tn a control sample or a control mammal, the expression
of a desired protein in a control sample or a control mammal may be assigned a value of 1.0.
In some embodiments, inducing expression of a desired protein is achieved when the ratic of
desired protetn expression in the test sample or the test mammal to the level of desired protein
expression in the control sample or the control mammal s greater than 1, for example, about
1.1, 1.5,2.0. 50 or 10.0. When a desired protein is not present in a control sample or a control
mammal, inducing expression of a desired protein is achieved when any measurable level of
the desired protein in the test sample or the test mammal is detected. One of ordinary skill in
the art will understand appropriate assays to determine the level of protein expressionina
sample, for example dot blots, northern blots, in situ hybridization, ELISA,
immunoprecipitation, enzyme function, and phenotypic assays, or assays based on reporter
proteins that can produce fluorescence or luminescence under appropriate conditions.

The phrase "inhibiting expression of a target gene” refers to the ability of a nucleic acid to
slence, reduce, or inhibit the expression of a target gene. To examine the extent of gene
silencing, a test sample {e.g., a sample of cells in culture expressing the target gene) or a test
mammal {e.g., a mammal such as a human or an animal) model such as a rodent (e.g., mouse)
or a non-human primate {¢.g., monkey) model is contacted with a nucleic acid that silences,
reduces, or inhibits expression of the target gene. Expression of the target gene in the test
sample or test animal 15 compared to expression of the target gene 1n a control sample {(e.g., a
sample of cells in culture expressing the target gene) or a control mammal (e.g., a mammal
such as a human or an antmal} model such as a rodent {e.g., mouse) or non-human primate
(e.g., monkey) model that 1s not contacted with or admimstered the nucleic acid. The
expression of the target gene in a control sample or a control mammal may be assigned a

5
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value of 100%. In some embodiments, silencing, inhibition, or reduction of expression of a
target gene 18 achieved when the level of target gene expression in the test sample or the test
mamimal relative to the level of target gene expression in the control sample or the control
mammal is about 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%,
30%, 25%, 20%, 15%, 10%, 5%, or 0%. In other words, the nucleic acids are capable of
stlencing, reducing, or inhibiting the expression of a target gene by at least about 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 100% in a test sample or a test mammal relative to the level of target gene expression
in a control sample or a control mammal not contacted with or administered the nucleic acid.
Suitable assays for determining the level of target gene expression include, without limitation,
examination of protein or mRNA levels using technigues known to those of skill in the art,
such as, e g., dot blots, northern blots, in situ hybridization, ELISA, immunoprecipitation,
enzyme function, as well as phenotypic assays known to those of skill in the art.

An "effective amount” or "therapeutically effective amount” of an active agent or therapeutic
agent such as a therapeutic nucleic acid is an amount sufficient to produce the desired effect,
e.g., an increase or inhibition of expression of a target sequence in comparison to the normal
expression level detected in the absence of the nucleic acid. An increase in expression of a
target sequence is achieved when any measurable level is detected in the case of an expression
product that is not present in the absence of the nucleic acid. In the case where the expression
product is present at some level prior to contact with the nucleic acid, an in increase in
expression is achieved when the fold increase in value obtained with a nucleic actd such as
mRNA relative to control is about 105, 1.1, 12,13, 14,15, 1.75,2.25.3.4,5,6,7.8,9,
10, 15, 20, 25, 30, 40, 50, 75, 100, 250, 500, 750, 1000, 5000, 10000 or greater. Inhibition of
expression of a target gene or target sequence 1s achieved when the value obtained with a
nucleic acid such as antisense oligonucleotide relative to the control is about 95%, 90%, 85%,
80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%), 15%;), 10%),
5%), or 0%. Suitable assays for measuring expression of a target gene or target sequence
include, e.g., examination of protein or RNA levels using techniques known to those of skill
in the art such as dot blots, northern blots, in situ hybridization, ELISA, immunoprecipitation,
enzyme function, fluorescence or luminescence of suitable reporter proteins, as well as
phenotypic assays known to those of skill in the art.

The term "nucleic acid" as used herein refers to a polymer containing at least two
deoxyribonucleotides or ribonuclectides in either single~ or double-stranded form and
includes DNA, RNA, and hybrids thereof. DNA may be in the form of antisense molecules,
plasmid DNA, cDNA, PCR products, or vectors. RNA may be in the form of small hairpin
RNA (shRNA), messenger RNA {(mBRNA), antisense RNA, miRNA, micRNA, multivalent
RNA, dicer substrate RNA or viral RNA (vVRNA), and combinations thereof. Nucleic acids
include nucleic acids containing known nucleotide analogs or modified backbone residues or
finkages, which are synthetic, naturally occurring, and non-naturally occurring, and which
have similar binding properties as the reference nucleic acid. Examples of such analogs
include, without limitation, phosphorothioates, phosphoramidates, methyl phosphonates,
chiral-methyl phosphonates, 2'-0-methyl ribonucleotides, and peptide-nucleic acids (PNAs).
Unless specifically limited, the term encompasses nucleic acids containing known analogues
of natural nucleotides that have similar binding properties as the reference nucleic acid.
Unless otherwise indicated, a particular nucleic acid sequence also implicitly encompasses
conservatively modified variants thereof {e.g., degenerate codon substitutions), alleles,
orthologs, single nucleotide polymorphisms, and complementary sequences as well as the
sequence explicitly indicated. Specifically, degenerate codon substitutions may be achieved
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by generating sequences in which the third position of one or more selected (or all} codons s
substituted with mixed-base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res.,
19:5081 (1991); Ohtsuka et al, J. Biol. Chem., 260:2605-2608 {1985); Rossolini et al., Mol.
Cell. Probes, 8:91-98 (1994})). "Nucleotides" contain a sugar deoxyribose (BNA) or ribose
{(RNA), a base, and a phosphate group. Nucleotides are linked together through the phosphate
groups.

"Bases" include purines and pyrimidines, which further include natural compounds adenine,
thymine, guanine, cytosine, uracil, inosine, and natural analogs, and synthetic derivatives of
purines and pyrimidines, which include, but are not limited to, modifications which place new
reactive groups such as, but not limited to, amines, alcohols, thiols, carboxylates, and
alkyihalides.

The term "gene" refers to a nucleic acid (e.g., DNA or RNA) sequence that comprises partial
fength or entire length coding sequences necessary for the production of a polypeptide or
precursor polypeptide.

"(Gene product,” as used herein, refers to a product of a gene such as an RINA transcript or a
polypeptide.

The term "liptds" refers to a group of organic compounds that include, but are not limited to,
esters of fatty acids and are generally characterized by being poorly soluble in water, but
soluble in many organic solvents. They are usually divided into at least three classes: (1)
"simple lipids,” which include fats and oils as well as waxes; (2) "compound lipids,” which
include phospholipids and glycolipids; and (3) "derived lipids” such as steroids.

A "steroid” is a compound comprising the following carbon skeleton: ™" A
non-Hiniting example of a steroid is cholesterol.

As used herein, "tonizable lipid" refers to a lipid capable of being charged. In some
embodiments, an ionizable lipid includes one or more positively charged amine groups. In
some embodiments, ionizable lipids are ionizable such that they can exist in a positively
charged or neutral form depending on pH. The ionization of an ionizable lipid attects the
surface charge of a lipid nanoparticle comprising the ionizable lipid under different pH
conditions. The surface charge of the lipid nanoparticlein turn can influence its plasma protein
absorption, blood clearance, and tissue distribution (Semple, S.C | et al |, Adv. Drug Deliv Rev
32:3-17 {1998}} as well as 1is ability to form endosomolytic non-bilayer structures (Hafez,
IM, et al, Gene Ther 8§ 1188-1196 (2001}) that can influence the intracellular delivery of
nucleic acids. In some embodiments, ionizable lipids include those that are generally neutral,
e.g., at physiological pH {e.g., pH about 7}, but can carry net charge(s) at an acidic pH or
basic pH. In one embodiment, ionizable lipids include those that are generally neutral at pH
about 7, but can carry net charge(s) at an acidic pH. In one embodiment, ionizable lipids
include those that are generally neutral at pH about 7, but can carry net charge(s) at a basic
pH. In some embodiments, ionizable lipids do not include those cationic lipids or anionic
lipids that generally carry net charge(s) at physiological pH {e.g., pH about 7).

The term “N.P ratio” refers to the molar ratio of the ionizable (in the physiological pH range)
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nitrogen atoms in a lipid to the phosphate groups in a nucleic acid {e.g., an RNA), eg,ina
lipid nanoparticle composition including lipid components and a nucleic acid {e.g., an RNA).

The term "polymer conjugated hipid” refers to a molecule comprising both a hipid portion and
a polymer portion. A non-limiting example of a polymer conjugated lipid is a pegylated lipid.
The term "pegylated lipid” refers to a molecule comprising both a lipid portion and a
polyethylene glyeol portion. Pegylated lipids are known in the art and include, for example, 1-
{monomethoxy-polyethyleneglyeol}-2, 3 -dimyristoyiglycerol (PEG-DMG) and the like.

The term "neutral lipid" refers to any lipid that exists either in an uncharged or neutral
zwitterionic form at a selected pH. At physiological pH, such lipids include, but are not
limited to, phosphotidyicholines such as 1 2-distearovl-sn-glycero-3-phosphocholine (DSPC),
1,2-dipalmitoyl-5n-glycero-3-phosphocholine (DPPC), 1, 2-dimyristoyl-sn-glycerp-3-
phosphocholine (BMPC), T-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-
dioleoyl-sn-glycero-3-phosphocholine (DOPC), phophatidylethanolamines such as 1,2-
dioleoyl-sn-~glycero-3~-phosphoethanolamine (DOPE), sphingomyelins (SM), ceramides, and
steroids such as sterols and their derivatives. Neutral lipids roay be synthetic or naturally
derived.

The term “PEG lipid” or “PEGylated lipid” refers to a lipid conjugate comprising a
polyethylene glycol (PEG) component.

The term “phospholipid” refers to a lipid that includes a phosphate moiety and one or more
carbon chains, such as unsaturated fatty acid chains. A phospholipid may inclade one or more
multiple (e.g., double or triple) bonds {e.g , one or more unsaturations). Particular
phospholipids may facilitate fusion to a membrane. For example, a cationic phospholipid may
interact with one or more negatively charged phospholipids of a membrane (e.g., a cellular or
intracellular membrane}. Fusion of a phospholipid to 2 membrane may allow one or more
elements of a lipid-containing composition to pass through the membrane permitting, e.g.,
delivery of the one or more elements to a cell.

The term "lipid nanoparticle” refers to a particle having at least one dimension on the order of
nanometers (e.g., 1-1,000 nm) and comprising one or more ionizable lipid compounds
disclosed herein. In some embodiments, lipid nanoparticles comprising one or more ionizable
lipid compounds disclosed herein, pharmaceutically acceptable salts thereof, and/or
stereoisomers of any of the foregoing are included in a composition that can be used to deliver
a therapeutic agent, such as a nucleic acid {e.g., mRNA), to a target site of interest {e.g., celi,
tissue, organ, tumor, and the like) In some embodiments, lipid nanoparticles comprise one or
more ionizable lipid compounds disclosed herein, pharmaceutically acceptable salts thereof,
and/or stereoisomers of any of the foregoing, and a nucieic acid. In some embodiments, lipid
nanoparticles comprise one or more ionizable lipid compounds disclosed herein,
pharmaceutically acceptable salts thereof, and/or stereoisomers of any of the foregoing, and a
nucleic acid. Such lipid nanoparticles typically comprise one or more ionizable lipid
compounds disclosed herein, and one or more other lipids selected from neutral hipids,
charged lipids, steroids, and polymer conjugated lipids. In some embodiments, the
therapeutic agent, such as a nucleic acid, may be encapsulated in a lipid portion of the lipid
nanopasticle or an agueous space enveloped by some or all of a lipid portion of the lipid
nanoparticle, thereby protecting it from enzymatic degradation or other undesirable effects
induced by the mechanisms of the host organism or cells, e.g., an adverse immune response.
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In some embodiments, the lipid nanoparticles bave a mean diameter of from about 30 nm to
about 150 nm, from about 40 nm to about 150 nm, from about 50 nm to about 150 nm, from
about 60 nm to about 130 nm, from about 70 nm to about 110 nm, from about 70 nm to about
160 nm, from about 80 nm to about 100 nm, from about 90 nm to about 100 nm, from about
70 to about 90 nm, from about 80 nm to about 90 nm, from about 70 nm to about 80 nm, or
about 30 nm, 35 nm, 40 nm, 45 nm, 50 nm, 55 nm, 60 nm, 635 nm, 70 nm, 75 nm, 80 nm, 8S
nm, 90 nm, 95 nm, 100 nm, 105 nm, 110 nm, 115 nm, 120 nm, 125 om, 130 nm, 135 nm, 140
am, 145 nm, or 150 nm, and are substantially non-toxic. In some embodiments, nucleic acids,
when present in the liptd nanoparticles, are resistant in aqueous solution to degradation with a
nuclease. Lipid nanoparticles comprising nucleic acids and their method of preparation are
disclosed in, e.g., 1.8, Patent Publication Nos. 2004/0142025, 2007/0042031 and PCT Pub.
Nos. WO 2013/016058 and WO 2013/086373, 8,569,256, 5,965,542 and U.S. Patent
Publication Nos. 2016/0199485, 2016/0009637, 2015/0273068, 2015/(265708,
2015/0203446, 2015/0005363, 2014/0308304, 2014/0200257, 2013/086373, 2013/0338210,
2013/0323269, 2013/0245107, 2013/0195920, 2013/0123338, 2013/0022649, 2013/0017223,
2012/0295832, 2012/0183581, 2012/0172411, 2012/0027803, 2012/0058188, 2011/0311583,
2011/0311582, 2011/0262527, 2011/0216622, 2011/0117125, 2011/0091525, 2011/0076335,
2011/0060032, 2010/0130588, 2007/004203 1, 2006/0240093, 2006/0083780, 2006/0008910,
2005/0175682, 2005/017054, 2005/0118253, 2005/0064595, 2004/0142025, 2007/0042031,
1999/009076 and PCT Pub. Nos. WO 99/39741, WO 2017/117528, WO 2017/004143, WO
2017/075531, WO 2015/199952, WO 2014/008334, WO 2013/086373, WO 2013/086322,
WO 2013/016058, WO 2013/086373, W2011/141705, and WO 2001/07548 the full
disclosures of which are herein incorporated by reference in their entirety for all purposes.

The term “polydispersity index” or “PDI” refers to a ratio that describes the homogenetty of
the particle size distribution of a system, e g, a lipid nanoparticle composition. A small value,
e.g., less than 0.3, indicates a narrow particle size distribution.

As used herein, "encapsulated” by a lipid refers a therapeutic agent, such as a nucleic acid
{e.g, mRNA), that is fully or partially encapsulated by a lipid nanoparticle. In some
embodiments, the therapeutic agent such as a nucleic acid {e.g, mRNA) is fully encapsulated
in a liptd nanoparticle.

"Serum-stable” in relation to nucleic acid-lipid nanoparticles means that the nucleic acid is not
significantly degraded after exposure to a serum or nuclease assay that would significantly
degrade free DINA or RNA. Suitable assays include, for example, a standard serum assay, a
DINAse assay, or an RNAse assay.

Some technigues of administration can lead to systemic delivery of certain agents but not
others. “Systemic delivery” means that a useful, such as a therapeutic, amount of an agent is
delivered to most parts of the body. Systemic delivery of lipid nanoparticles can be by any
means known in the art including, for example, intravenous, intraarterial, subcutaneous, and
intraperitoneal delivery. In some embodiments, systemic delivery of lipid nanoparticles 13 by
intravenous delivery.

"Local delivery," as used herein, refers to delivery of an agent directly to a target site within

an organism. For example, an agent can be ocally delivered by direct injection into a disease
site such as a tumor, other target site such as a site of inflammation, or a target organ such as
the liver, heart, pancreas, kidney, and the like. Local delivery can also include topical
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applications or tocalized injection techniques such as intramuscular, subcutaneous or
intradermal injection. Local delivery does not preclude a systemic pharmacological effect.

"Alkeyl" refers to a straight or branched hydrocarbon chain radical consisting solely of carbon
and hydrogen atoms, which is saturated or unsaturated (i.e., contains one or more double
{alkenyl) and/or triple bonds {alkynyl}), having, for example, from one to twenty-four carbon
atoms {C1-Cyy alkyl), four to twenty carbon atoms (Cs-Cyo alkyl), six to sixteen carbon atoms
(Ce-C1s alkyl), six to nine carbon atoms (Ce-Co alkyl), one to fifteen carbon atoms (Cs-

Cys alkyl),one to twelve carbon atoms (C1-Cry alkyl), one to eight carbon atoms (Ci-Cs alkyl)
or one to six carbon atoms (C1-Ce alkyly and which is attached to the rest of the molecule by a
single bond, e.g., methyl, ethyl, n-propyl, 1-methylethyl (isopropyl), n-butyl, n-pentyl, 1,1~
dimethylethyl (t-butyl), 3-methythexyl, 2-methyibexyl, ethenyl, prop-t-enyl, but-1-enyl, pent-
[-enyl, penta-1,4-dienyl, ethyvnyl, propynyl, butynyl, pentynyl, hexynyl, and the like. Unless
stated otherwise specifically in the specification, an alkyl group is optionally substituted.

"Alkvlene" or "alkylene chain” refers to a straight or branched divalent hydrocarbon chain
linking the rest of the molecule to a radical group, consisting solely of carbon and hydrogen,
which is saturated or unsaturated (i.e., contains one or more double (alkenylene) and/or triple
bonds {alkynvlene}), and having, for example, from one to twenty-four carbon atoms (Cs-
(24 alkylene), one to fifteen carbon atoms (C1-Cis alkylene),one to twelve carbon atoms (Ci-
C1> alkylene), one to eight carbon atoms (Ci-Cs alkylene), one to six carbon atoms (C;-

Cs alkylene), two to four carbon atoms (C2-Cy alkylene), one to two carbon atoms (Cr-

C; alkvlene), e.g., methylene, ethylene, propylene, n-butylene, ethenvlene, propenylene, n-
butenylene, propynylene, n-butynylene, and the like. The alkylene chain is attached to the rest
of the molecule through a single or double bound and to the radical group through a single or
double bond. The points of attachment of the alkylene chain to the rest of the molecule and to
the radical group can be through one carbon or any two carbons within the chain.

The term "substituted” used herein means any of the above groups {e.g., alkyl, alkylene,
cycloalkyl or cycloalkylene) wherein at least one hydrogen atom i1s replaced by abond to a
non-hydrogen atom such as, but not limited to: a halogen atom such as ¥, CI, Br, or [; oxo
groups (=0}, hydroxyl groups (-OH); Ci-Cy» alkyl groups, cycioalkyl groups,; -{(C=0C)0OR; -
O(C=0)R; -C(=0)R; -OR; -S(O)R; -S-SR ; -C(=0)SR; -SC(=0)R; -NRR’; -RC(=0)R; -
C(EORR -RCEOIR'RY; -0C(=0)RR; -RC(=0)0OR’; -R'S(O)x R"R; - R'S(OxR; and -
S(ORRR’, wherein: R, R7, and R” 15, at each occurrence, independently H, C1-Cis alkyl or
cycloalkyl, and x 15 0, 1 or 2. In some embodiments, the substituent is a C1-Cyz alkyl group. In
some embodiments, the substituent i1s a cycloalkyl group. In some embodiments, the
substituent 18 a halo group, such as fluoro. In some embodiments, the substituent is an oxo
group. In some embodiments, the substituent is a hydroxyl group. In some embodiments, the
substituent is an alkoxy group (-OR). In some embodiments, the substituent is a carboxyl
group. In some embodiments, the substituent is an amine group (-NRR’}.

"Optional” or "optionally” {e.g., optionally substituted) means that the subsequently described
event of circumstances may or may not occur, and that the description includes instances
where said event or circumstance occurs and instances in which it does not. For example,
“optionally substituted alkyl” means that the alkyl radical may or may not be substituted and
that the description includes both substituted alkyl radicals and alkyl radicals having no
substitution.

10
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The present disclosure is also meant to encompass all pharmaceutically acceptable compounds
of the ionizable lipid compounds in the formulas disclosed herein, being isotopically-labelled
by having one or more atoms replaced by an atom having a different atomic mass or mass
number. Examples of 1sotopes that can be incorporated 1nto the disclosed compounds include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, chlorine, and iodine,
such as 2H. *H, VC, PC, ¢, BN, PN, PO, 0, B0, e, e, 08, TR CT, L and 'L,
respectively. These 1sotopically-labelled compounds could be useful to help determine or
measure the effectiveness of the compounds, by characterizing, for example, the site or mode
of action, or binding affinity to pharmacologically important site of action. Certain
isotopically-labelled lipid compounds, for example, those incorporating a radicactive isotope,
are useful in drug and/or substrate tissue distribution studies. The radioactive isotopes tritium,
i.e., °H, and carbon-14, i.e., “*C, may be useful for this purpose in view of their ease of
incorporation and ready means of detection.

Substitution with heavier isotopes such as deuterium, i.e., “H, may afford certain therapeutic
advantages resulting from greater metabolic stability, for example, increased in vivo half-life
or reduced dosage requirements, and heoce may be useful in some circumstances.
Substitution with positron emitting isotopes, such as VC, *F, 10 and PN, can be useful in
Positron Emission Topography (PET) studies for examining substrate receptor occupancy.
Isotopically-fabeled compounds of structure (I) can generally be prepared by conventional
techniques known to those skilled in the art or by processes analogous to those described in
the Preparations and Examples as set out below using an appropriate 1sotopically-labeled
reagent tn place of the non-labeled reagent previously employed.

The present disclosure is also meant to encompass the in vivo metabolic products of the
disclosed compounds. Such products may result from, for example, the oxidation, reduction,
hydrolysis, amidation, esterification, and the like of the administered compound, primarily
due to enzymatic processes. Accordingly, embodiments of the disclosure include compounds
produced by a process comprising administering an ionizable lipid of this disclosure to a
mammal for a period of time sufficient to yield a metabolic product thereof. Such products are
typically identified by administering a radiolabeled compound of the disclosure tn a detectable
dose to an animal, such as rat, mouse, guinea pig, monkey, or to human, allowing sufficient
time for metabolism to occur, and isolating its conversion products from the urine, blood or
other biological samples.

"Pharmaceutically acceptable carrier, diluent or excipient” includes without limitation any
adjuvant, carrier, excipient, glidant, sweetening agent, diluent, preservative, dye/colorant,
flavor enhancer, surfactant, wetting agent, dispersing agent, suspending agent, stabilizer,
isotonic agent, solvent, or emulsifier which has been approved by the United States Food and
Drug Administration as being acceptable for use in humans or domestic animals.

"Pharmaceutically acceptable salt” includes both acid and base addition salts.

"Pharmaceutically acceptable acid addition salt” refers to those salts which retain the
biological effectiveness and properties of the free bases, which are not biologically or
otherwise undesirable, and which are formed with inorganic acids such as, but are not limited
to, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the
like, and organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid, adipic
acid, alginic acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-

11
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acetamidobenzoic acid, camphoric acid, camphor-10-sulfonic acid, capric acid, caprote acid,
caprylic acid, carbonic acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid,
ethane- 1,2-disulfonic acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid,
glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyrie acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic acid,
malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-l,S-disulfonic
acid, naphthalene-2-sulfonic acid, I-hydroxy-2-naphthoic acid, nicotinic acid, oleic acid,
orotic acid, oxalic actd, palmitic acid, pamoic acid, propionic acid, pyroglutamic acid, pyruvic
acid, salicylic acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic acid, tartaric
acid, thiocyanic acid, toluenesulfonic acid, trifluorcacetic acid, undecylenic acid, and the like.

"Pharmaceutically acceptable base addition salt" refers to those salts which retain the
biological effectiveness and properties of the free acids, which are not biclogically or
otherwise undesirable. These salts are prepared from addition of an inorganic base or an
organic base to the free acid. Salts derived from inorganic bases include, but are not limited
to, sodium, potassium, lithium, ammonium, calcium, magnesium, iron, Zing, copper,
manganese, aluminum salts and the like. Non-limiting examples of inorganic salts are
ammonium, sodium, potassium, calcium, and magnesium salts. Salts derived from organic
bases include, but are not limited to, salts of primary, secondary, and tertiary amines,
substituted amines including naturally occurring substituted amines, cyclic amines and basic
ion exchange resins, such as ammonia, isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, diethanolamine, ethanolamine, deanol, 2-
dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine,
caffeine, procaine, hydrabamine, choline, betaine, benethamine, benzathine, ethylenediamine,
glucosamine, methylglucamine, theobromine, triethanolamine, tromethamine, purines,
piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like. Non-limiting
examples of organic bases are isopropylamine, diethylamine, ethanolamine, trimethylamine,
dicyclohexylamine, choline and caffeine.

Crystallization of 1oruzable Hpid(s) disclosed herein may produce a solvate of the ionizable
lipid(s). As used herein, the term "solvate” refers to an aggregate that comprises one or more
molecules of an 1onizable lipid compound of the disclosure with one or more molecules of
solvent. The solvent may be water, in which case the solvate may be a hydrate. Alternatively,
the solvent may be an organic solvent. Thus, the liptd compounds of the present disclosure
may exist as a hydrate, including a monohydrate, dihvdrate, hemihydrate, sesquihydrate,
trihydrate, tetrahydrate and the like, as well as the corresponding solvated forms. Solvates of
the lipid compound of the disclosure may be true solvates, while in other cases, the lipid
compound of the disclosure may merely retain adventitious water or be a nuxture of water
plus some adventitious solvent.

A "pharmaceutical composition” refers to a composition which may comprise an ionizable
lipid compound of the disclosure and a medium generally accepted in the art for the delivery
of the biologically active compound to mammals, e g, humans. Such a medium includes
pharmaceutically acceptable carriers, diluents or excipients therefor.

"Effective amount” or "therapeutically effective amount” refers to that amount of an ionizable
lipid compound of the disclosure which, when administered to a maromal, such as a human, is
sufficient to effect treatment in the mammal, such as a human. The amount of an ionizable
lipid compound of the disclosure which constitutes a "therapeutically effective amount” will

12
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vary depending on the compound, the condition and its severity, the manner of administration,
and the age of the marmmal to be treated, but can be determined routinely by one of ordinary
skill in the art having regard to his own knowledge and to this disclosure.

"Treating" or "treatment” as used herein covers the treatment of the disease or condition of
interest in a mammal, such as a human, having the disease or condition of interest, and
includes:

(1) preventing the disease or condition from occurring in a mammal, in particular, when such
mammal is predispesed to the condition but has not yet been diagnosed as having it;

(i1) inhibiting the disease or condition, 1.e., arresting its development;
(1i1) relieving the disease or condition, i.e., causing regression of the disease or condition; or

(iv) relieving the symptoms resulting from the disease or condition, t.e., relieving pain without
addressing the underlying disease or condition. As used herein, the terms "disease" and
"condition” may be used interchangeably or may be different in that the particular malady or
condition may not have a known causative agent (so that etiology has not yet been worked
out) and it is therefore not yet recognized as a disease but only as an undesirable condition or
syndrome, wherein a more or less specific set of symptorus have been identified by clinicians.

The ionizable lipid compounds of the disclosure, or their pharmaceutically acceptable salts
may contain one or more stereocenters and may thus give rise to enantiomers, diastereomers,
and other sterecisomeric forms that may be defined, in terms of absolute stereochemistry, as
{R)- or {S)-or, as (D}~ or (L)~ for amino acids. The present disclosure 1s meant to include all
such possible isomers, as well as their racemic and optically pure forms. Optically active (+)
and (-}, (R}- and {S)-, or (B)- and (L)- isomers may be prepared using chiral synthons or chiral
reagents, or resolved using conventional techniques, for example, chromatography and
fractional crystallization. Conventional techniques for the preparation/isclation of individual
enantiomers include chiral synthesis from a suitable optically pure precursor or resolution of
the racemate {(or the racemate of a salt or derivative) using, for example, chiral high pressure
liquid chromatography (HPLC). When the ionizable lipid compounds described herein contain
olefinic double bonds or other centers of geometric asymmetry, and unless specified
otherwise, it is intended that the compounds include both E and Z geometric isomers.
Likewise, all tautomeric forms are also intended to be included.

A "stereoisomer” refers to a compound made up of the same atoms bonded by the same bonds
but having different three-dimensional structures, which are not interchangeable. The present
disclosure contemplates various stereoisomers and mixtures thereof and includes
"enantiomers”, which refers to two stereoisomers whose molecules are non-superimposable
mirror images of one another.

In the following description, certain specific details are set forth to provide a thorough
understanding of various embodiments of the disclosure. However, one of ordinary skill in the
art will understand that the disclosuremay be practiced without these details.

Ionizable Lipid Compounds

In some embodiments, disclosed are ionizable lipids of Formula (10):

13



WO 2023/091490 PCT/US2022/050111

(I0), pharmaceutically acceptable salts
thereof, and stereoisomers of any of the foregoing, wherein:

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, or

R1 and Rz are taken together to form a cyclic ring;

each Rio and Ruu is independently H, C1-C; branched or unbranched alkyl, C>-Cs

branched or unbranched alkenyl, or
Ruo and Rur are taken together to form a heterocyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

Z is absent, O, S, or NRi2, wherein Rz is H or C1-C7 branched or unbranched alkyl,
provided that when Z is not absent, the adjacent R1 and Rz cannot be OH, NRioRu11, or SH;

each A is each independently C1-C16 branched or unbranched alkyl, or C1-Cis
branched or unbranched alkenyl, optionally substituted with heteroatom or optionally
substituted with OH, SH, or halogen;

each B is each independently C1-Cis branched or unbranched alkyl, or C2-Cis
branched or unbranched alkenyl, optionally substituted with a heteroatom or optionally
substituted with OH, SH, or halogen; and

each X is independently a biodegradable moiety.
In some embodiments, in formula (I0), X is -OCO-, -COO-, -NHCO-, -CONH-, -C(O-R13)-
O-, -COO(CHa)s-, -CONH(CH23)s-, -C(O-R13)-O-(CHa)s-, wherein Rus is C3-Cyo alkyl and s 1s
1,2, 3,4, or 5. In some embodiments, X is -OCO- or -COO-.

In some embodiments, disclosed are ionizable lipids of Formula (I):
R1 R2 A—X—B
4 N

Rzo—/N><><: T SA—X—B

Rso  Ri1 Ry vy (D, pharmaceutically acceptable salts thereof, and

stereoisomers of any of the foregoing, wherein:

R20 and Rso are each independently H, C1-Cs branched or unbranched alkyl, or C>-Cs
branched or unbranched alkenyl, or

R20 and Rio together with the adjacent N atom form a 3 to 7 membered cyclic ring,
optionally substituted with R?;

R*is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;,

each Ri and each Rzis independently H, C1-Cs branched or unbranched alkyl, C»-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, or

R1 and Rz are taken together to form a cyclic ring;

each Rio and Ru is independently H, C;-Cs branched or unbranched alkyl, C»-Cs
branched or unbranched alkenyl, or

Ruo and Rur are taken together to form a heterocyclic ring;

nis0, 1,2, 3 or4;

YisOorS§;

14
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Z is absent, O, S, or N(R12)(Ru12), wherein each Ruz is independently H, C;-C-
branched or unbranched alkyl, or C,-C7 branched or unbranched alkenyl, provided that when
Z is not absent, the adjacent R1 and Rz cannot be OH, NRwoR11, or SH;

each A is each independently C1-C16 branched or unbranched alkyl, or C>-Cis
branched or unbranched alkenyl, optionally interrupted with one or more heteroatoms or
optionally substituted with OH, SH, or halogen,;

each B is each independently C1-Cis branched or unbranched alkyl, or C2-Cis
branched or unbranched alkenyl, optionally interrupted with one or more heteroatoms or
optionally substituted with OH, SH, or halogen,;

each X is independently a biodegradable moiety.

In some embodiments, R20 and Rso are each independently H or C1-C3 branched or
unbranched alkyl.

In some embodiments, R20 and Rso together with the adjacent N atom form a 3 to 7 membered
cyclic ring, optionally substituted with R*. In some embodiments, R?* is H, C1-C3 branched or
unbranched alkyl or OH.

In some embodiments, disclosed are ionizable lipids of Formula (IA):

R1 R2 /A_X_B
VA N

N /(T/)N><y<: T SA—X—B

m Ry Ry y (IA), pharmaceutically acceptable salts thereof,

and stereoisomers of any of the foregoing, wherein:

R?is H, C1-Cs branched or unbranched alkyl, C,-C3 branched or unbranched alkenyl,
halogen, OH, or SH;,

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, or

R1 and Rz are taken together to form a cyclic ring;

each Rio and Ruu is independently H, C1-C; branched or unbranched alkyl, C>-Cs

branched or unbranched alkenyl, or
Ruo and Rur are taken together to form a heterocyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

YisOorS;

Z is absent, O, S, or N(R12)(R12), wherein each Ruz is independently H, C1-C~
branched or unbranched alkyl, or C,-C7 branched or unbranched alkenyl, provided that when
Z is not absent, the adjacent R1 and Rz cannot be OH, NRwoR11, or SH;

each A is each independently C1-C16 branched or unbranched alkyl, or C>-Cis
branched or unbranched alkenyl, optionally interrupted with one or more heteroatoms or
optionally substituted with OH, SH, or halogen,;

each B is each independently C1-Cis branched or unbranched alkyl, or C2-Cis
branched or unbranched alkenyl, optionally interrupted with one or more heteroatoms or
optionally substituted with OH, SH, or halogen,;

each X is independently a biodegradable moiety.

In some embodiments, disclosed are ionizable lipids of Formula (I1IO):
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4 (ITO), pharmaceutically
acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, wherein each Rio and Rux is
independently H, C1-Cs branched or unbranched alkyl, C,-C3 branched or unbranched alkenyl,
or R0 and Ru1 are taken together to form a heterocyclic ring, or

R1 and Rz are taken together to form a cyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

each ris independently 0, 1,2, 3,4, 5,6, 7 or §;

each Rs and each R4 is independently H, C3-Cio branched or unbranched alkyl, or Cs-
C10 branched or unbranched alkenyl, provided that at least one of Rz and R4 is not H;

Z is absent, O, S, or NR12; wherein Ry is C1-C5 alkyl;

X is a biodegradable moiety.
In some embodiments, in formula (I10), X is -OCO-, -COO-, -NHCO-, -CONH-, -C(O-Ru3)-
O-, -COO(CHa)s-, -CONH(CH23)s-, -C(O-R13)-O-(CHa)s-, wherein Rus is C3-Cyo alkyl and s 1s
1,2, 3,4, or5. Insome embodiments, X is -OCO- or -COO-.

2 2 2 2

In some embodiments, disclosed are ionizable lipids of Formula (ITA) or (IIB):

Ri R2 M/ X R4
zZ N r Y

T ),

pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R?is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;,

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, wherein each Rio and Rux is
independently H, C;-Cs branched or unbranched alkyl, C»-Cs branched or unbranched alkenyl,
or Rio and Ru1 are taken together to form a heterocyclic ring, or
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R1 and Rz are taken together to form a cyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

each ris independently 0, 1,2, 3,4, 5,6, 7 or §;

each Rs and each Ry is independently H, C3-Co branched or unbranched alkyl, or Cs-
C1o0 branched or unbranched alkenyl (optionally, at least one of Rs and R4 is not H);

YisOorS;

Z is absent, O, S, or (NR12)(R12),wherein R, is independently H or C1-C7 alkyl;

each X is independently a biodegradable moiety.

In some embodiments, disclosed are ionizable lipids of Formula (IIC) or (IID):

Ri Re M/ X R4
Z N r Y

-
/ R3
Ris Ri Ry vy
r X

3 (IID), pharmaceutically
acceptable salts thereof, and stereoisomers of any of the foregoing. Rz0 and Rso are each
independently H or C;-C; branched or unbranched alkyl. The definitions of other variables in
this formula are the same as the definitions of the variables in Formula (ITA).

In some embodiments, disclosed are ionizable lipids of Formula (ITIO):

C,szprw*

Rs Ry (IT1O), pharmaceutically

acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, wherein each Rio and Rux is
independently H, C;-Cs branched or unbranched alkyl, C»-Cs branched or unbranched alkenyl
or R0 and Ru1 are taken together to form a heterocyclic ring, or

R1 and Rz are taken together to form a cyclic ring;

nis0, 1,2, 3 or4;

each ris independently 0, 1,2, 3,4, 5,6, 7 or §;

each Rs and each R4 is independently H, C3-Cio branched or unbranched alkyl, or Cs-
C10 branched or unbranched alkenyl, provided that at least one of Rz and R4 is not H;

2
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Z is absent, O, S, or NR12; wherein Ry is C1-C5 alkyl;

X is a biodegradable moiety.
In some embodiments, in formula (I110), X is -OCO-, -COO-, -NHCO-, -CONH-, -C(O-R13)-
O-(acetal), -COO(CH3)s-, -CONH(CHa)s-, -C(0-R13)-O-(CHz)s-; wherein Rz is C3-C10 alkyl.

In some embodiments, disclosed are ionizable lipids of Formula (IIIA) or (IIIB):

N NG A G
N r Y
R3

z

A

R3 (IIIB),

pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R*is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;

each Ri and each Rzis independently H, C1-Cs branched or unbranched alkyl, C»-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NR1oR11, wherein each Rio and Rux is
independently H, C;-Cs branched or unbranched alkyl, C»-Cs branched or unbranched alkenyl,
or R0 and Ru1 are taken together to form a heterocyclic ring, or

R1 and Rz are taken together to form a cyclic ring;

nis0, 1,2, 3 or4;

each ris independently 0, 1,2, 3,4, 5,6, 7 or §;

each Rs and each Ry is independently H, C3-Co branched or unbranched alkyl, or Cs-
C10 branched or unbranched alkenyl, provided that at least one of Rz and R4 is not H;

Z is absent, O, S, or N(R12)(R12), wherein Ri2 is independently H or C1-C7 alkyl;

each X is independently a biodegradable moiety.

In some embodiments, in each of the above formulas, X is —OC(O)-, -C(0)O-, -N(R")C(O)-, -
C(O)N(R")-, -C(O-Ru3)-0-, -C(0)O(CHa)s-, -OC(O)(CHa)s-, -C(O)N(R”)(CHz)s-, -
N(R)C(O)(CH,)s-, -C(O-R13)-O-(CH,)s-, wherein each R’ is independently H, alkyl, alkenyl,
cycloalkyl, hydroxyalkyl, or aminoalkyl, each Rus is independently Cs-Cio alkyl, and each s is
independently 0-16.

In some embodiments, in each of the above formulas, X is —OC(O)-, -C(O)O-, -
C(0O)O(CHya)s-, or -OC(O)(CH)s-. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.
In some embodiments, in each of the above formulas, X is -C(O)N(R")-, -N(R)C(O)-, -
C(O)N(R")(CHa)s-, or -N(R7)C(O)(CH>)s-, wherein R’ is independently H, alkyl, alkenyl, or
cycloalkyl. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.

2 2 2 2 2 2 2 2 2 2
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In some embodiments, in each of the above formulas, X is -C(0O-R13)-O-(acetal) or -C(O-R13)-
O-(CHz)s-, wherein Ri3 is C3-Cio alkyl.

In some embodiments, in each of the above formulas, R* is H, C;-C3z branched or unbranched
alkyl or OH.

In some embodiments, R* is H, methyl, ethyl, propyl, or OH.
In one embodiment, R? is H or OH.

In some embodiments, Z is absent, S, O, or NH. In one embodiment, Z is absent. In one
embodiment Z is NH. In one embodiment Z is S. In one embodiment Z is O.

In some embodiments, mis 1, 2, 3, or 4.
In some embodiments, nis 0, 1, or 2.

In some embodiments, in each of the above formulas, the two r variables in the same formula
are the same.

In some embodiments, in each of the above formulas, the two r variables in the same formula
are different.

In some embodiments, in each of the above formulas, the two X variables in the same formula
are the same.

In some embodiments, in each of the above formulas, the two X variables in the same formula
are different,

In some embodiments, in each of the above formulas, the two R3 variables in the same
formula are the same. In some embodiments, in each of the above formulas, the two R4
variables in the same formula are the same.

In some embodiments, in each of the above formulas, the two R3 variables in the same
formula are different. In some embodiments, in each of the above formulas, the two R4

variables in the same formula are different.

In some embodiments, in each of the above formulas, R1 and Rz are each H. In some
embodiments, in each of the above formulas, each R1 is H, and one of the Rz variables is OH.

In some embodiments, disclosed are ionizable lipids of Formula (IVO):
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0 0 @
N\/\ )I\ /\/M
z N ' (o} a
o
r q
)
)
(IVO), pharmaceutically

acceptable salts, thereof, and stereoisomers of any of the foregoing, wherein:
each ris independently 0, 1,2, 3,4, 5,6, 7 or §;
each q isindependently 1, 2, 3,4,5, 6,7 or 8,9, or 10; and
Z is absent, O, S, or NRi2, wherein Rz is H or C1-C- branched or unbranched alkyl.

In some embodiments, disclosed are ionizable lipids of one of the following formulas:
WX
4 N r
N/M T q
Ra—\) (
Y ™~ q

(7

NI . o
Z N r q
CARENG
TR
/\/V\)q\/x o
Z N r \
0T
((f ™
9 (IVC),
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P NN
I3 TW«

(()
a (IVD),

pharmaceutically acceptable salts, thereof, and stereoisomers of any of the foregoing,
wherein:

R?*is H, C1-Cs branched or unbranched alkyl or OH;

each n is independently 0, 1, 2, 3, or 4;

each ris independently 0, 1,2, 3,4, 5,6

each q is independently 1, 2, 3,4, 5, 6

D ~—

,1,2,3,4,5,6,70r8;
,2,3,4,5,6,70r8, 9, or 10,

X is ~OC(0)-, -C(0)O-, -N(R")C(0O)-, -C(O)N(R)-, -C(O-R13)-0O-, -C(O)O(CH>)s-, -
OC(0)(CHa)s-, -C(O)N(R")(CHa)s-, -N(R")C(O)(CHz)s-, -C(O-Ru3)-O-(CH>)s-, wherein each
R’ is independently H, alkyl, alkenyl, cycloalkyl, hydroxyalkyl, or aminoalkyl, each Rus is
independently C3-Cio alkyl, and each s is independently 0-16; and

Z is absent, O, S, or NRi2, wherein Rz is H or C1-C- branched or unbranched alkyl.

In some embodiments, in each of the above formulas, R?* is H, methyl, ethyl, propyl, or OH.
In some embodiments, in each of the above formulas, Z is absent.

In some embodiments, in each of the above formulas, Z is S.

In some embodiments, in each of the above formulas, Z is O.

In some embodiments, in each of the above formulas, Z is NH.

In some embodiments, in each of the above formulas, r is 2.

In some embodiments, in each of the above formulas, r is 3.

In some embodiments, in each of the above formulas, r is 4.

In some embodiments, in each of the above formulas, q is 3.

In some embodiments, in each of the above formulas, q is 4.

In some embodiments, in each of the above formulas, Z is absent, r is 4 and q is 4.

In some embodiments, in each of the above formulas, X is —OC(O)-, -C(O)O-, -
C(0O)O(CHya)s-, or -OC(O)(CH)s-. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.
In some embodiments, X is -C(O)N(R")-, -N(R")C(O)-, -C(O)N(R")(CH2)s-, or -
N(R7)C(O)(CH,)s-, wherein R’ is independently H, alkyl, alkenyl, or cycloalkyl. In some
embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.

In some embodiments, X is -C(O-R13)-O-(acetal) or -C(0O-R13)-O-(CH3)s-, wherein Ry3 is Cs-
Cio alkyl.

In some embodiments, the disclosure relates to ionizable lipids of Formula (VO):

Rog A—X—B
\N y v N/
NA—Xx—B
Rao R1 Ry

(VO), pharmaceutically acceptable salts
thereof, and stereoisomers of any of the foregoing, wherein:
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R1is H, Ci1-Cs alkyl, OH, halogen, SH, or NRiwoR11 and Rz is OH, halogen, SH, or
NRioR11, wherein Rio and Ri1 are each independently H or C1-Cs alkyl or Rio and Ru1 are
taken together to form a heterocyclic ring, or

R1 and Rz are taken together to form a cyclic ring;

R20 and Rso are each independently H, C1-Cs branched or unbranched alkyl, or C1-Cs
branched or unbranched alkenyl, or

R20 and Rao are taken together to form a cyclic ring;

vis 1,2 3,or4;

yis 1,2, 3, or4;

each A is independently C1-Cis branched or unbranched alkyl or C1-Cis branched or
unbranched alkenyl, optionally substituted with heteroatom or substituted with OH, SH, or
halogen,;

each B is each independently C;-Cis branched or unbranched alkyl or C1-Ci¢ branched
or unbranched alkenyl, optionally substituted with heteroatom or substituted with OH, SH, or
halogen; and

X is a biodegradable moiety.

In some embodiments, in formula (VO), X is -OCO-, -COO-, -NHCO-, -CONH-, -C(O-R13)-
O-, -COO(CH2)s-, -CONH(CH2)s-, -C(O-R13)-O-(CH»)s-, wherein R13 is C3-Cyo alkyl and s is
1,2,3,4,0r5.

In some embodiments, disclosed are ionizable lipids of Formula (V):
A—X—B
Q y n VY N/
NA —y—
R1 R ATX B(V)h ticall table salts thereof, and
, pharmaceutically acceptable salts thereof, an
stereoisomers of any of the foregoing,
wherein
R1is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
OH, halogen, SH, or NR1woRu11, and
R:is H, OH, halogen, SH, or NR1woRu11, or
R1 and Rz are taken together to form a cyclic ring;
Ri10 and Ru1 are each independently H or C1-C; alkyl, or Rio and Ru1 are taken together
to form a heterocyclic ring;
Q is OH or -(OCH2CH2)uNR20RG30,
R20 and Rz are each independently H, C1-Cs branched or unbranched alkyl, or C»-Cs
branched or unbranched alkenyl, or
R20 and Rio together with the adjacent N atom form a 3 to 7 membered cyclic ring
optionally substituted with R?;
R*is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;,
uis0,1,2,3,4,5,6,7, or8;
vis 0, 1,2, 3, or4,
yis 0, 1,2, 3, or 4;
each A is independently C1-Cis branched or unbranched alkyl or C1-Cis branched or
unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen;
each B is each independently C1-Cis branched or unbranched alkyl or C,-Ci¢ branched
or unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen; and
each X is independently a biodegradable moiety.
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In some embodiments, the disclosure relates to ionizable lipids of one of the following
formulas:

Rzo\
N A—X—B
/
Raf \(\/\OMN\
12 (VA),
A—X—B
HOMN/\
A—X—B
Ri Ra (VB),

pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R1is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
OH, halogen, SH, or NR1woRu11, and

R:is H, OH, halogen, SH, or NR1woRu11, or

R1 and Rz are taken together to form a cyclic ring;

Ri10 and Ru1 are each independently H or C1-C; alkyl, or Rio and Ru1 are taken together
to form a heterocyclic ring;

R20 and Rso are each independently H, C1-Cs branched or unbranched alkyl, or C>-Cs
branched or unbranched alkenyl, or

R20 and Rio together with the adjacent N atom form a 3 to 7 membered cyclic ring
optionally substituted with R

R?is H, C;-Cs branched or unbranched alkyl, C,-Cs branched or unbranched alkenyl,
halogen, OH, or SH;,

uis0,1,2,3,4,5,6,7,or8;

vis 0, 1,2, 3, or4,

yis 0, 1,2, 3, or 4;

each A is independently C1-Cis branched or unbranched alkyl or C1-Cis branched or
unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen;

each B is each independently C1-Cis branched or unbranched alkyl or C,-Ci¢ branched
or unbranched alkenyl, optionally interrupted with one or more heteroatoms or optionally
substituted with OH, SH, or halogen; and

each X is independently a biodegradable moiety.

In some embodiments, the disclosure relates to ionizable lipids of Formula (VIO):
Feo /\/6\/ X P
\N y v N v Y
Rao OH Rs
)X\
Rg Rq (VIO), pharmaceutically

acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R20 and Rao are independently H, C1-Cs branched or unbranched alkyl, or C»-Cs
branched or unbranched alkenyl, or

R20 and Rao are taken together to form a cyclic ring;

vis 1,2 3,or4;
yis 1,2, 3, or4;
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each Rs and each Ry is independently H, C;-Cs branched or unbranched alkyl, or C»-
Cs branched or unbranched alkenyl, provided that at least one of Rzand R4 is not H;

each ris independently O, 1, 2, 3,4, 5, 6, 7 or 8; and

X is -OCO-, -COO-, -NHCO-, -CONH-, -C(0-R13)-0-, -COO(CH23)s-, -CONH(CH23)s-,
-C(0-R13)-O-(CHa)s-, wherein Ri3 is C3-Cio alkyl and s is 1, 2, 3, 4, or 5.
In some embodiments, the disclosure relates to ionizable lipids of one of the following
formulas:

R
20\

N /\/P\)\/X R
4
RSO/ V\O ) y » N ’ Y

3 (VIB),

pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

Ra20 and Rao are independently H, C1-Cs branched or unbranched alkyl, or C2-Cs
branched or unbranched alkenyl, or

R20 and Rao together with the adjacent N atom form a 3 to 7 membered cyclic ring;

R1 is independently H or OH;

uis 0, 1,2, 3, or4;

vis 0, 1,2, 3, or4,

yis 0, 1,2, 3, or 4;

each Rs and each Ry is independently H, C;-Cs branched or unbranched alkyl, or C»-
Cs branched or unbranched alkenyl, provided that at least one of Rzand R4 is not H;

each ris independently O, 1, 2, 3,4, 5, 6, 7 or 8; and

X is -OCO-, -COO-, -NR’CO-, -CONR’-, -C(0-R13)-0-, -COO(CH,)s-, -OCO(CH3>)s-
-CONR'(CHz)s-, -NR'CO(CH2)s-, -C(O-R13)-O-(CH>)s-, wherein each R is independently H,
alkyl, alkenyl, cycloalkyl, hydroxyalkyl, or aminoalkyl, each Ris is independently C3-Cio
alkyl, and s is independently 0-16.

2

In some embodiments, in each of the above formulas, X is —OC(O)-, -C(O)O-, -
C(0O)O(CHya)s-, or -OC(O)(CH)s-. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.
In some embodiments, in each of the above formulas, X is -C(O)N(R")-, -N(R)C(O)-, -
C(O)N(R")(CHa)s-, or -N(R7)C(O)(CH>)s-, wherein R’ is independently H, alkyl, alkenyl, or
cycloalkyl. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.

In some embodiments, in each of the above formulas, X is -C(0O-R13)-O-(acetal) or -C(O-R13)-
O-(CHz)s-, wherein Ri3 is C3-Cio alkyl.
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In some embodiments, in each of the above formulas, R? is H, C;-C3z branched or unbranched
alkyl or OH. In some embodiments, R* is H, methyl, ethyl, propyl, or OH.

In some embodiments, in each of the above formulas, the two r variables in the same formula
are the same.

In some embodiments, in each of the above formulas, the two r variables in the same formula
are different.

In some embodiments, in each of the above formulas, the two X variables in the same formula
are the same.

In some embodiments, in each of the above formulas, the two X variables in the same formula
are different.

In some embodiments, in each of the above formulas, the two R3 variables in the same
formula are the same. In some embodiments, in each of the above formulas, the two R4
variables in the same formula are the same.

In some embodiments, in each of the above formulas, the two R3 variables in the same
formula are different. In some embodiments, in each of the above formulas, the two R4
variables in the same formula are different.

In some embodiments, the disclosure relates to ionizable lipids of Formula (VIIO):

TZO OH /\/@\)k /@\
N
Ras™
y v \’W
\;\ﬁ/ (VIIO), pharmaceutically

acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R20 and Rso are independently H, C1-Cs branched or unbranched alkyl, or C;-Cs
branched or unbranched alkenyl, or

R20 and Rao are taken together to form a cyclic ring;

vis 1,2 3,or4;

yis 1,2, 3, or4;

each ris independently 0, 1, 2,3, 4,5, 6, 7or 8; and
each q is independently 1, 2,3,4,5,6, 7 or 8,9, or 10.

In some embodiments, the disclosure relates to ionizable lipids of one of the following
formulas:
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Rog \

V\MW

9 (VIIA),

g (VIIB),

/\/(/\/X\
HO Y v N r
/mFEH\ \%
(A
q (VIIC),

(N
; (VIID),
pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing, wherein:

R20 and Rso are independently H, C1-Cs branched or unbranched alkyl, or C;-Cs
branched or unbranched alkenyl, or

R20 and Rao are taken together to form a cyclic ring;

X is ~0C(0)-, -C(0)0-, -N(R")C(0)-, -C(O)N(R")-, -C(0O-R13)-O-, -C(O)O(CH,)s-, -
OC(O)(CH)s-, -C(O)N(R")(CHa)s-, -N(R")C(O)(CHa)s-, -C(0-R13)-0O-(CH,)s-, wherein each
R’ is independently H, alkyl, alkenyl, cycloalkyl, hydroxyalkyl, or aminoalkyl, each Rus is
independently C3-Cio alkyl, and each s is independently 0-16;

uis 0, 1, 2, 3, or 4;

2 2 2 2

vis0,1,2,3, or4;

2 2 2 2

yis 0, 1,2, 3, or 4;

each ris independently O, 1, 2, 3, 4,
3 5

3 7 or 8; and
each q is independently 1, 2, 3, 4,

2 67
7or8,9, or10.

5
2 67
In some embodiments, in each of the above formulas, X is —OC(O)-, -C(O)O-, -
C(0O)O(CHya)s-, or -OC(O)(CH)s-. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.

2 2 2 2 2 2 2 2 2 2
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In some embodiments, in each of the above formulas, X is -C(O)N(R")-, -N(R)C(O)-, -
C(O)N(R")(CHa)s-, or -N(R7)C(O)(CH>)s-, wherein R’ is independently H, alkyl, alkenyl, or
cycloalkyl. In some embodiments, sis 0, 1,2,3,4,5,6,7,8,9, or 10.

In some embodiments, in each of the above formulas, X is -C(0O-R13)-O-(acetal) or -C(O-R3)-
O-(CHz)s-, wherein Ri3 is C3-Cio alkyl.

In some embodiments, in each of the above formulas, r is 2.
In some embodiments, in each of the above formulas, r is 3.
In some embodiments, in each of the above formulas, r is 4.
In some embodiments, in each of the above formulas, q is 3.
In some embodiments, in each of the above formulas, q is 4.
In some embodiments, in each of the above formulas, ris 4 and q is 4.

S R,

In some embodiments, in each of the above formulas, B or Rs is selected from:
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In some embodiments, the pKa of the protonated form of the ionizable lipid compound
described herein is about 5.1 to about 8.0, for example about 5.7 to about 6.5, about 5.7 to
about 6.4, or from about 5.8 to about 6.2. In some embodiments, the pKa of the protonated
form of the compound is about 5.5 to about 6.0. In some embodiments, the pKa of the

protonated form of the compound is about

6.1 to about 6.3.

Non-limiting examples of ionizable lipid compounds disclosed here are set forth below.

Eipid Struecture

No.

ITPALC Name

TETR

{2140}

bis{4-hexyldeeyl}
B.6'-({4-
{dimethvlmnino)-
3-
bydroxybutyliazan
edivlidibexanaate

TET6 S
(2139} ‘

bis{d-hexyldeeyl}
8.8-{{4-
{dimethyvlamia)-
3-

y hydresybutyliazan
edivlidioctanoate

TGTS

{2138}

)

bis{4-pentyhronyd)
A8-{{4-
{dimsethvliamnoe)-
3-
hvdroxybutyljazan
edivldioctanoate
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Lipid Structure
No.

IUPAC Name

7671
(2142)

bis(4-hexyldecyl)
8,8'-((3-
(pyrrolidin-1-

\/\/\/\)J\O yl)propanoyl)azan
N\;;:\/\ ediyl)dioctanoate

7670
(2146)

4-hexyldecyl 11-
(6-((4-
hexyldecyl)oxy)-6-
oxohexyl)-2-
methyl-5,8-dioxa-
2,11-

Ne~o~A o diazaheptadecan-
/\/\(El\/\ 17-oate

7669
(2143)

4-hexyldecyl 11-
(8-((4-
hexyldecyl)oxy)-8-
oxooctyl)-2-
methyl-5,8-dioxa-
2,11-

diazanonadecan-
19-oate

7668
(2133)

~

bis(4-hexyldecyl)
8,8'-((4-
(dimethylamino)bu

V\/\/\)\o tanoyl)azanediyl)d
/\/\(El\/\ 1octanoate

7667
o \/\15\/\/

bis(4-hexyldecyl)
6,6'-((2-
hydroxyethyl)azan
ediyl)dihexanoate
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7651
(2131)

/\/;P/\/\OJJ\/\/\/ N \/\/\)J\o/\/\;;\/\ xanoate

bis(4-hexyldecyl)
6,6'-((4-
(dimethylamino)bu
tyDazanediyl)dihe

7650
(2130)

bis(4-hexyldecyl)
8,8'-((4-
o (dimethylamino)bul

OJ\/\/\/\/N\/\/\/\)J\O tyl)azanediyl)dioct
/\/;)/\/\ /\/\(il\/\ o

7649
(2129)

N \/\/\/\)J\

bis(4-pentylnonyl)
8,8'-((4-

(dimethylamino)bu
tyDazanediyl)dioct

7633
(2144)

4-pentylnonyl 2-
methyl-11-(8-ox0-
8-((4-
pentylnonyl)oxy)o
ctyl)-5,8-dioxa-
2,11-

0
OJ\/W\/N\/W\)J\O diazanonadecan-
19-oate

7632
(2143)

bis(4-hexyldecyl)
6,6'-((3-
(pyrrolidin-1-
yl)propanoyl)azan

o/\/\q\/\ ediyl)dihexanoate
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7631 N7 bis(4-hexyldecyl)
(2134) 6,6'-((4-
o (dimethylamino)bul
JOJ\/\/\/N\/\/\)J\ tanoyl)azanediyl)d
/\/;j/\ﬂo ON\;;:\/\ ihexanoate
7608 bis(4-pentylnonyl)
(2135) 8.8'-((2-
hydroxyethyl)azan
O\H/\/\/\/\N/\/\/\/\H/O ediyl)dioctanoate
0 0
OH
7607 bis(4-hexyldecyl)
(2136) 8.8'-((2-
hydroxyethyl)azan
OY\/\N\N/\/\/\/\H/O ediyl)dioctanoate
o) 0
e
7596 C\
N
(2141) 1(0 bis(4-pentylnonyl)
0 o 8.8'-((3-
o)j\/\/\/\/ N \/\/\/\)I\O (pyrrolidin-1-
yl)propanoyl)azan
ediyl)dioctanoate
7593 N7 bis(4-pentylnonyl)
(2132) 8.8'-((4-
o o) o (dimethylamino)bul
N~~~ tanoyl)azanediyl)d
© O/\/\(;/\/ ioctanoate
2229 bis(4-hexyldecyl)

o

o]

8.8'-((3-
(dimethylamino)pr
opanoyl)azanediyl)
dioctanoate
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2228

bis(4-hexyldecyl)
8,8-(((3-
(pyrrolidin-1-
yl)propyl)carbamo
ylazanediyl)dioctal
noate

2227

N

bis(4-hexyldecyl)
8,8-(((2-
(pyrrolidin-1-
ylethyl)carbamoyl
Yazanediyl)dioctan
oate

2226

N7 bis(4-hexyldecyl)
8.8'-(((4-
(dimethylamino)-
3-
hydroxybutyl)carb
amoyl)azanediyl)d
ioctanoate

HO

0 OYNH 0

2225

~N N -~ ( ( 4 _
(dimethylamino)-
3-
hydroxybutyl)azan
ediyl)bis(hexane-
6,1-diyl) bis(2-
hexyldecanoate)

HO

2216

N7 11-(6-((2-
hexyldecanoyl)oxy
Yhexyl)-2-methyl-
5,8-dioxa-2,11-

) diazaheptadecan-
17-y1 2-
hexyldecanoate
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2215 AT ((3-(pyrrolidin-1-
N yl)propanoyl)azan
o 0 o ediyl)bis(hexane-
PN \lL N e L 6,1-diyl) bis(2-
L hexyldecanoate)
J N
J |
O
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Ty T AL
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Poaees Vool

PO PO
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R eeed
0~ 0O

O

@ /\)Ol\ MOWW
T AL
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0o~ 0O
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Ty L T
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2233

bis(4-pentylnonyl)
8.8'-((2-

(pyrrolidin-1-
yDacetyl)azanediyl
)dioctanoate
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2234

A

bis(4-pentylnonyl)
8,8'-((4-
(pyrrolidin-1-
yl)butanoyl)azaned|
iyl)dioctanoate

2235

bis(4-pentylnonyl)
8.8'-((3-(3-
hydroxypyrrolidin-
1-
yl)propanoyl)azan
ediyl)dioctanoate

2236

o

bis(4-pentylnonyl)
8,8'-((3-
(pyrrolidin-1-
yl)propanethioyl)a
zanediyl)dioctanoa
te

2237

((3-(pyrrolidin-1-
yl)propanoyl)azan
ediyl)bis(heptane-
7,1-diyl) bis(5-
pentyldecanoate)

2238

((3-(pyrrolidin-1-
yl)propanoyl)azan
ediyl)bis(octane-
8. 1-diyl) bis(4-
pentylnonanoate)

2239

bis(4-pentylnonyl)
8.8'-((3-
(diethylamino)pro
panoyl)azanediyl)d|
ioctanoate
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2241

>
|
|
b

8-(N-(8-0x0-8-((4-
pentylnonyl)amino
Yoctyl)-3-
(pyrrolidin-1-
yl)propanamido)-
N-(4-
pentylnonyl)octanal
mide

2242

~
|
i
e

N-methyl-8-(N-(8-
(methyl(4-
pentylnonyl)amino
)-8-oxooctyl)-3-
(pyrrolidin-1-
yl)propanamido)-
N-(4-
pentylnonyl)octanal
mide

2244

N-(heptadecan-9-
yD-8-((2-
hydroxyethyl)(6-
0X0-6-
(undecylamino)he
xyl)amino)octana
mide

2245

N-(heptadecan-9-
yD-8-((2-
hydroxyethyl)(6-
(methyl(undecyl)a
mino)-6-
oxohexyl)amino)-
N-
methyloctanamide

2249

heptadecan-9-yl 8-
(A-
hydroxypropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

2250

heptadecan-9-yl 8-
((1-hydroxy-2-
methylpropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

2276

NH,

Oj\/\/\/\j \/\/\)?\O/\/\/\/\/\/

Mﬁ%” L
)
§

heptadecan-9-yl 8-
((2-aminoethyl)(6-
0X0-6-
(undecyloxy)hexyl
)amino)octanoate
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2277

\/\/E5\oj\/\/\/\i‘l \/\/\/\)(J)\O/\/\/\/\/

heptadecan-9-yl 8-
((2-aminoethyl)(8-
(nonyloxy)-8-
oxooctyl)amino)oc
tanoate

2300

o} o}
OJ\/\/\/\/N\/\/\)J\O/\/\/\/\/\/

heptadecan-9-yl 8-
(G-
aminopropyl)(6-
0X0-6-
(undecyloxy)hexyl
)amino)octanoate

2301

7-((2-
aminoethyl)(8-
(heptadecan-9-
yloxy)-8-
oxooctyl)amino)he
ptyl decanoate

2312

((2-
aminocthyl)azaned
iyl)bis(hexane-6,1-
diyl) bis(2-
hexyldecanoate)

2313

heptadecan-9-yl 8-
((2-aminoethyl)(8-
((2-
methylnonyl)oxy)-
8-
oxooctyl)amino)oc
tanoate

2314

5-((2-
aminoethyl)(7-((2-
octyldecanoyl)oxy
Yheptyl)amino)pent]
yl dodecanoate

((3-(pyrrolidin-1-
yl)propyl)azanediy
Dbis(hexane-6,1-
diyl) bis(2-
hexyldecanoate)
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xé

O

bis(4-pentylnonyl)
8.8'-((2-
(pyrrolidin-1-
ylethyl)azanediyl)
dioctanoate

(2-(pyrrolidin-1-
yDacetyl)azanediyl
)bis(hexane-6,1-
diyl) bis(2-
hexyldecanoate)

heptadecan-9-yl 8-
((1-hydroxy-2-
methylpropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

bis(4-pentylnonyl)
8,8'-((1-
hydroxypropan-2-
ylazanediyl)dioctal
noate

il
|
3

bis(4-pentylnonyl)
8.8"-((1-hydroxy-2-

o) 0
\ﬂ/\/\/\/\N /\/\/\/\ﬂ/ methylpropan-2-
° f\ 0 yl)azanediyl)diocta)
OH noate
»
O

bis(4-hexyldecyl)
8.8'-((2-
(pyrrolidin-1-
yDacetyl)azanediyl
)dioctanoate
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OJ\/\/\/\/ N \/\/\/\)J\O/\/\;;:\/\

bis(4-hexyldecyl)
8.8'-((3-
(pyrrolidin-1-
yl)propanoyl)azan
ediyl)dioctanoate

. o

OJ\/\/\/\/ N \/\/\/\)j\o/\/\(;/\\/\

bis(4-hexyldecyl)
8.8'-((2-
(pyrrolidin-1-
ylethyl)azanediyl)
dioctanoate

v

O)K/\/\/\/ N \/W\)J\O/\/\C;:\/\

bis(4-hexyldecyl)
8,8'-((3-
(pyrrolidin-1-
yl)propyl)azanediy
)dioctanoate

O\[]/\/\/\/\N/\/\/\/\n/o\/\/di/\/

bis(4-hexyldecyl)
8,8'-((1-

hydroxypropan-2-

0 )\ 0 yl)azanediyl)diocta)

OH noate
\/\:B\N v\/(ii/\/ bis(4-hexyldecyl)
8.8"-((1-hydroxy-2-
O IO methylpropan-2-

0 7N 0 yl)azanediyl)diocta

OH noate

L
|
|
§

heptadecan-9-yl 8-
((6-0x0-6-
(undecyloxy)hexyl
)(2-(pyrrolidin-1-
yl)ethyl)amino)oct
anoate

»
OJ?\/\/\/\/K'T\/\/\)OI\O/\/\/\/\/\/

heptadecan-9-yl 8-
(N-(6-0x0-6-
(undecyloxy)hexyl
)-2-(pyrrolidin-1-
yl)acetamido)octan
oate
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heptadecan-9-yl 8-
((6-0x0-6-
(undecyloxy)hexyl
)(3-(pyrrolidin-1-
yl)propyl)amino)o
ctanoate

heptadecan-9-yl 8-
(N-(6-0x0-6-
(undecyloxy)hexyl
)-3-(pyrrolidin-1-
yl)propanamido)oc
tanoate

(a-
hydroxypropan-2-
ylazanediyl)bis(he
xane-6,1-diyl)
bis(2-
hexyldecanoate)

A P VT N P
0 N o}

OH

((1-hydroxy-2-
methylpropan-2-
ylazanediyl)bis(he
xane-6,1-diyl)
bis(2-
hexyldecanoate)

OH

O (0]
OJ\/\/\/\/ N \/\/\)I\o/\/\/\/\/\/

pentadecan-7-yl 8-
((1-hydroxy-2-
methylpropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

OH

O)I\/\/\/\/KNF\/\/\)J\O/\/\/\/\/\/

tridecan-7-yl 8-((1-
hydroxy-2-
methylpropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

heptadecan-9-yl 8-
((1-hydroxy-2-
methylpropan-2-
y1)(8-0x0-8-((4-
pentylnonyl)oxy)o
ctyl)amino)octano
ate
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O\H/\/\/\/\N/\/\/\H/O\/\/\/\/\/\

OH

4-pentylnonyl 8-
((1-hydroxy-2-
methylpropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

OH

heptadecan-9-yl 8-
((8-((4-
hexyldecyl)oxy)-8-
oxooctyl)(1-
hydroxy-2-
methylpropan-2-
yl)amino)octanoat
e

NW\/\/O\“/\/\/\(NI;\/\/\/\“/O

OH

4-hexyldecyl 8-
((1-hydroxy-2-
methylpropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

heptadecan-9-yl 8-
((8-0x0-8-((4-
pentylnonyl)oxy)o
ctyD) (3-(pyrrolidin-
1-
yl)propyl)amino)o
ctanoate

\/\/\/\/\/\O)K/\/\/N\/\/\/\)LO

4-pentylnonyl 8-
((6-0x0-6-
(undecyloxy)hexyl
)(3-(pyrrolidin-1-
yl)propyl)amino)o
ctanoate

heptadecan-9-yl 8-
((8-((4-
hexyldecyl)oxy)-8-
oxooctyl)(3-
(pyrrolidin-1-
yl)propyl)amino)o
ctanoate
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(0]

OJK/\/\/\/N\/\/\)I\O/\/\/\/\/\/

4-hexyldecyl 8-
((6-0x0-6-
(undecyloxy)hexyl
)(3-(pyrrolidin-1-
yl)propyl)amino)o
ctanoate

heptadecan-9-yl 8-
(N-(8-ox0-8-((4-
pentylnonyl)oxy)o
ctyl)-3-(pyrrolidin-
1-
yl)propanamido)oc
tanoate

4-pentylnonyl 8-
(N-(6-0x0-6-
(undecyloxy)hexyl
)-3-(pyrrolidin-1-
yl)propanamido)oc
tanoate

heptadecan-9-yl 8-
(N-(8-((4-
hexyldecyl)oxy)-8-
oxooctyl)-3-
(pyrrolidin-1-
yl)propanamido)oc
tanoate

4-hexyldecyl 8-(N-
(6-0x0-6-
(undecyloxy)hexyl
)-3-(pyrrolidin-1-
yl)propanamido)oc
tanoate

45



WO 2023/091490 PCT/US2022/050111
Lipid Structure IUPAC Name
No.

OH heptadecan-9-yl 8-
1-
0 N 0 («
PN NN NN N hydroxypropan-2-
0 0

y1)(8-0x0-8-((4-
pentylnonyl)oxy)o
ctyl)amino)octano
ate

4-pentylnonyl 8-

((1-
hydroxypropan-2-

0 O SN
) e ¢ y1)(6-0x0-6-
0 0
/\ (undecyloxy)hexyl
OH )amino)octanoate

OH

]
i
?“a

heptadecan-9-yl1 8-
((8-((4-
hexyldecyl)oxy)-8-
oxooctyl)(1-
hydroxypropan-2-
yl)amino)octanoat
e

4-hexyldecyl 8-
(a-
hydroxypropan-2-
y1)(6-0x0-6-
(undecyloxy)hexyl
)amino)octanoate

heptadecan-9-yl1 8-
((8-0x0-8-((4-
pentylnonyl)oxy)o
ctyD)(2-(pyrrolidin-
1-
yl)ethyl)amino)oct
anoate

|
|
Eis

4-pentylnonyl 8-
((6-0x0-6-
(undecyloxy)hexyl
)(2-(pyrrolidin-1-
yl)ethyl)amino)oct
anoate
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heptadecan-9-yl 8-
((8-((4-
hexyldecyl)oxy)-8-
oxooctyl)(2-
(pyrrolidin-1-
yl)ethyl)amino)oct
anoate

4-hexyldecyl 8-
((6-0x0-6-
(undecyloxy)hexyl
)(2-(pyrrolidin-1-
yl)ethyl)amino)oct
anoate

heptadecan-9-yl 8-
(N-(8-ox0-8-((4-
pentylnonyl)oxy)o
ctyl)-2-(pyrrolidin-
1-
yl)acetamido)octan
oate

4-pentylnonyl 8-
(N-(6-0x0-6-
(undecyloxy)hexyl
)-2-(pyrrolidin-1-
yl)acetamido)octan
oate

heptadecan-9-yl 8-
(N-(8-((4-
hexyldecyl)oxy)-8-
oxooctyl)-2-
(pyrrolidin-1-
yl)acetamido)octan
oate
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»
o “° 0 4-hexyldecyl 8-(N-
\/\/\/\/\/\OJ\/\/\/N\/\/\/\)J\O (6-0x0-6-

(undecyloxy)hexyl
)-2-(pyrrolidin-1-
yl)acetamido)octan
oate

Lipid Nanoparticle Composition

fonizable lipids disclosed herein may be used to form liptd nanoparticle compositions. In
some embodiments, the lipid nanoparticle compaosition further comprises one or more
therapeutic agents. In some embodiments, the hipid nanoparticle in the composition
encapsulates or is associated with the one or more therapeutic agents.

In some embodiments, the LNP composition has an N/P ratio of about 3 to about 10, for
example the N/P ratio is about 6 £ 1, or the N/P ratio is about 6 £ 0.5. In some embodiments,
the N/P ratio is about 6.

In some embodiments, the disclosure relates to a combination comprising (1) one or more
compounds chosen from the ionizable lipids of Formula (I)-(VIl), pharmaceutically
acceptable salts thereof, and stereoisomers of any of the foregoing and (ii) a lipid component.
In some embodiments, the combination comprises 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the one or more
compounds of (i). In some embodiments, the combination comprises about a 1:1 ratio of the
compounds of (i) and the lipid component (i1). In some embodiments, the combination is a
lipid nanoparticle (LNP) composition.

In some embodiments, the disclosure relates to a lipid nanoparticle composition comprising (1)
one or more ionizable lipid compounds as described herein and (ii) one or more lipid
components.

In some embodiments, the one or more lipid components in the LNP composition comprise
one or more helper lipids and one or more PEG lipids. In some embodiments, the lipid
component(s) comprise(s) one or more helper lipids, one or more PEG lipids, and one or more
neutral lipids.

THE NON-IONIZABLE LIPID COMPONENTS

Neutral Lipids

In some embodiments, the lipid components comprise one or more neutral lipids. The neutral
fipids may be one or more phospholiptds, such as one or more {(poly junsaturated Hpda,
Phospholipids may assemble into one or more lipid bilavers Tn general, phospholipids may
inciude a phospholipid motety and one or more fatty acid moieties. For example, a
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phospholipid may be a lipid according to formula: o . wherein
RP represents a phospholipid molety, and B* and R® represent fatty acid moieties with or
without unsaturation that may be the same or different. A phospholipid moiety may be a
phosphatidyt choline, phosphatidy! ethanclamine, phosphatidyl glycerol, phosphatidy! serine,
phosphatidic actd, 2-Ivsophosphatidy] choline, or a sphingomyeling A fatty acid moiety may
be alauric acid, myristic acid, mynistoleie acid, palmitic acid, palmitoleic acid, stearic acid,
oleic acid, linoleic acid, alpha-linolenic acid, erucie acid, phytanic acid, arachidic acid,
arachidome acid, eicosapentasnote acid, behenic aad, docosapentacnoic acid, or
docosahexaenoic acid. Non-natural species including natural species with modifications and
substitntions including branching, oxidation, cyclization, and alkynes are also contemplated.
For example, a phospholipid may be functionalized with or cross-linked to one or more
alkynes {e.g., an alkenvl group in which one or more double bonds is replaced with a triple
bond). Under appropriate reaction conditions, an alkyne group may undergo a copper-
catalyzed cycloaddition upon exposure 10 an azitde. Such reactions may be useful in
functionalizing a lipid bilayer of a lipid nanoparticle to facilitate membrane permeation or
cellular recognition or 1o conjugating a lipid nanoparticle 1o 2 useful component such as a
targeting or imaging moiety {2.g., a dve}.

In some embodiments, the neutral lipids may be phospholipids such as distearoyi-sn-giycero-
3-phosphocholing (DSPCY, 1,2- dicleovl-sn-glyoere-3-phosphoethanclamine (DOPE), 1.2~
dilinoleovl-sn-glycero-3- phosphocholine {DLPC), 1 2-dimyristoyl-sn-glycero-
phosphocholing (DMPC), 1 2-dicleoyl- sn-glycern-3-phosphocholine (DOPC), 1)2-
dipalmitovi-sn-glycero-3-phosphocholine (DPPC), 1 2-diundecancoyl-an-glycero-
phosphocholine (BUPC), T-palmitovi-2-oleovl-an- gliveers-3-phosphochohine (POPC), 1,2-di-
O-octadecenyi-sn-glycera-3-phosphocholing (18:0 digther PO, L-oleovl-2-
cholesteryihemisnccinoyi-sn-glycero-3-phosphocholine {OChemsP(), -hexadecyl-sn-
ghycero-3-phosphocholine {C16 Lyso PC), 1,2-dilinolenoyl-sn- giyeero-3-phosphocholing,
1,2-diarachidonoyi-sn-glycere-3-phosphochaline, 1,2- didocosahexasnoyl-sn-glvcern-3 -
phosphocholine, 1,2-diphvtavoyi-sn-glycero-3- phosphoethanolamine (ME 16.0 PE), 1,2~
distearovl-sn-glveern-3-phosphoethanclamine, 1,2-dilinoleoyi-sn-glycere-3-
phosphoethanolamine, 1,2-dilinolenovl-so-glycero-3- phosphoethanolamine, 1,2-
diarachidonoyl-sn-glycero-3-phosphoethanolamine, 1,2- didocosahexacnoyl-sn-glyeero-3-
phosphoethanolamine, 1, 2-dicleoyi-sn-glvcero-3-phospho-rac-{1-ghycerol) sodium salt
{BOPG), dipalmitoyviphosphatidyighycerol (DPPG), palmitovioleoyiphosphatidviethanclamine
(POPE), distearovl-phosphatidvl-ethanclamine (DEPE), dipalmutovl phosphatidyl
sthanciamine (DPPE), dimyristoviphosphosthanolamine (BDMPE), 1-stearoyl-Z-olecyl-
phosphatidyethanolamine (SOPE}, 1-stearoyi-2Z-oleoyl- phosphatidyicholine (SOPC),
sphingomyelin, phosphatidyicholine, phosphatidylethanciamine, phosphatidyisenine,
phosphatidyiinesitol, phosphatidic acid, palmitovioteovl phosphatidyichohing,
tysophosphatidvichohine, lysophosphatidylethanolamine (LPE), or mixtures thereot.

Additional non-limiting examples of non-ionizable lipids also include phospholipids such as
lecithin, phosphatidylethanolamine, lysolecithin, lysophosphatidylethanolamine,
phosphatidylserine, phosphatidylinositol, sphingomyelin, egg sphingomyelin (ESM),

49



WO 2023/091490 PCT/US2022/050111

cephalin, cardiolipin, phosphatidic acid, cerebrosides, dicetylphosphate,
distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoylphosphatidylethanolamine (DOPE),
palmitoyloleoyl-phosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine
(POPE), palmitoyloleyol-phosphatidylglycerol (POPG), dioleoylphosphatidylethanolamine 4-
(N-maleimidomethyl)-cyclohexane- 1 - carboxylate (DOPE-mal), dipalmitoyl-
phosphatidylethanolamine (DPPE), dimyristoyl- phosphatidylethanolamine (DMPE),
distearoyl-phosphatidylethanolamine (DSPE), monomethyl-phosphatidylethanolamine,
dimethyl-phosphatidylethanolamine, dielaidoyl- phosphatidylethanolamine (DEPE),
stearoyloleoyl-phosphatidylethanolamine (SOPE), lysophosphatidylcholine,
dilinoleoylphosphatidylcholine, and mixtures thereof. Other diacylphosphatidylcholine and
diacylphosphatidylethanolamine phospholipids can also be used. The acyl groups in these
lipids may be acyl groups derived from fatty acids having Ci0-Cz4 carbon chains, e.g. ,
lauroyl, myristoyl, palmitoyl, stearoyl, or oleoyl.

Steroids and other non-ionizable lipid components
In some embodiments, the lipid components comprise one or more steroids or analogues
thereof.

In some embodiments, the lipid components comprise sterols such as cholesterol, sisterol and
derivatives thereof. Non-limiting examples of cholesterol derivatives include polar analogues
such as Sa-cholestanol, Sa-coprostanol, cholesteryl-(2'-hydroxy)-ethyl ether, cholesteryl-(4'-
hydroxy)-butyl ether, and 6-ketocholestanol; non-polar analogues such as Sa-cholestane,
cholestenone, Sa-cholestanone, Sa-cholestanone, and cholesteryl decanoate; and mixtures
thereof. In some embodiments, the cholesterol derivative is a polar analogue such as
cholesteryl-(4'-hydroxy)-butyl ether.

In some embodiments, the non-ionizable lipid components comprise or consist of a mixture of
one or more phospholipids and cholesterol or a derivative thereof. In some embodiments, the
non-ionizable lipid components present comprise or consist of one or more phospholipids,
e.g., a cholesterol -free lipid particle formulation. In some embodiments, the non-ionizable
lipid components present comprise or consist of cholesterol or a derivative thereof, e.g. , a
phospholipid-free lipid particle formulation.

In some embodiments, the LNP composition comprises a phytosterol or a combination of a
phytosterol and cholesterol. In some embodiments, the phytosterol is selected from the group
conststing of b-sitosterol, stigmasterol, b-sitostanol, campesterol, brassicasterol, and
combinations thereof. In some embodiments, the phytosterol is selected from the group
consisting of b-sitosterol, b-sitostanol, campesterol, brassicasterol, Compound §-140,
Compound S-151, Compound S-156, Compound S-157, Compound $-159, Compound 5-160,
Compound S-164, Compound S-165, Compound §8-170, Compound S-173, Compound 5-175
and combinations thereof. In some embodiments, the phytosterol is selected from the group
consisting of Compound $-140, Compound 5-151, Compound S-156, Compound $-157,
Compound 5-159, Compound §-160, Compound S-164, Compound S-165, Compound S-170,
Compound S-173, Compound 8-175, and combinations thereof. In some embodiments, the
phytosterol is a combination of Compound S-141, Compound 5-140, Compound S-143 and
Compound 5-148 In some embodiments, the phytosterol comprises a sitosterol or a salt or an
ester thereof. In some embodiments, the phytosterol comprises a stigmasterol or a salt or an
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esier thereof. In some embodiments, the phytosterol is beta-sitosterol,

, a salt thereof, or an ester thereof.

in some embodiments, the LNP composition comprises a phytosterol, or a salt or ester thereof,
and cholesterol or a salt thereof.

In some embodiments, the target cell is a cell described herein (e.g., a liver cell or a splenic
cell), and the phytosterol or a salt or ester thereof 1s selected from the group consisting of b-
sitosterol, b-sitostanol, campesterol, and brassicasterol, and combinations thereof. In some
embodiments, the phytosterol is b-sitosterol. In some embodiments, the phytosterol is b-
sitostanol. In some embodiments, the phytosterol 1s campesterol. In some embodiments, the
phytosterol is brassicasterol.

In some embodiments, the target cell is a cell described herein (e.g., a liver cell or a splenic
cell}, and the phytosterol or a salt or ester thereof is selected from the group counsisting of b-
sitosterol, and stigmasterol, and combinations thereof. In some embodiments, the phytosterol
is b-sitosterol. In some embodiments, the phytosterol is stigmasterol.

Other examples of non-ionizable lipid components include non-phosphorous containing lipids
such as, e.g. , stearylamine, dodecylamine, hexadecylamine, acetyl palmitate, glycerol
ricinoleate, hexadecyl stearate, isopropyl myristate, amphoteric acrylic polymers,
triethanolamine-lauryl sulfate, alkyl-aryl sulfate polyethyloxylated fatty acid amides,
dioctadecyldimethyl ammonium bromide, ceramide, and sphingomyelin.

In some embodiments, the non-ionizable lipid components are present from 10 mol % to 60
mol %, from 20 mol % to 55 mol %, from 20 mol % to 45 mol %, 20 mol % to 40 mol %,
from 25 mol % to 50 mol %, from 25 mol % to 45 mol %, from 30 mol % to 50 mol %, from
30 mol % to 45 mol %, from 30 mol % to 40 mol %, from 35 mol % to 45 mol %, from 37
mol % to 42 mol %, or 35 mol %, 36 mol %, 37 mol %, 38 mol %, 39 mol %, 40 mol %, 41
mol %, 42 mol %, 43 mol %, 44 mol %, or 45 mol % (or any fraction thereof or range therein)
of the total lipids present in the lipid nanoparticle composition.

In the embodiments where the lipid nanoparticle compositions contain a mixture of
phospholipid and cholesterol or a cholesterol derivative, the mixture may be present up to 40
mol %, 45 mol %, 50 mol %, 55 mol %, or 60 mol % of the total lipids present in the lipid
nanoparticle composition.

In some embodiments, the phospholipid component in the mixture may be present from 2 mol
% to 20 mol %, from 2 mol % to 15 mol %, from 2 mol % to 12 mol %, from 4 mol % to 15
mol %, or from 4 mol % to 10 mol % (or any fraction thereof or range therein) of the total
lipids present in the lipid nanoparticle composition. In some embodiments, the phospholipid
component in the mixture may be present from 5 mol % to 10 mol %, from 5 mol % to 9 mol
%, from 5 mol % to 8 mol %, from 6 mol % to 9 mol %, from 6 mol % to 8 mol %, or 5 mol
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%, 6 mol %, 7 mol %, 8 mol %, 9 mol %, or 10 mol % (or any fraction thereof or range
therein) of the total lipids present in the lipid nanoparticle composition.

In some embodiments, the cholesterol component in the mixture may be present from 25 mol
% to 45 mol %, from 25 mol % to 40 mol %, from 30 mol % to 45 mol %, from 30 mol % to
40 mol %, from 27 mol % to 37 mol %, from 25 mol % to 30 mol %, or from 35 mol % to 40
mol % (or any fraction thereof or range therein) of the total lipids present in the lipid
nanoparticle composition. In some embodiments, the cholesterol component in the mixture
may be present from 25 mol % to 35 mol %, from 27 mol % to 35 mol %, from 29 mol % to
35 mol %, from 30 mol % to 35 mol %, from 30 mol % to 34 mol %, from 31 mol % to 33
mol %, or 30 mol %, 31 mol %, 32 mol %, 33 mol %, 34 mol %, or 35 mol % (or any fraction
thereof or range therein) of the total lipids present in the lipid nanoparticle composition.

In the embodiments where the lipid nanoparticle compositions are phospholipid-free, the
cholesterol or derivative thereof may be present up to 25 mol %, 30 mol %, 35 mol %, 40 mol
%, 45 mol %, 50 mol %, 55 mol %, or 60 mol % of the total lipid present in the lipid
nanoparticle composition.

In some embodiments, the cholesterol or derivative thereof in the phospholipid-free lipid
particle formulation may be present from 25 mol % to 45 mol %, from 25 mol % to 40 mol %,
from 30 mol % to 45 mol %, from 30 mol % to 40 mol %, from 31 mol % to 39 mol %, from
32 mol % to 38 mol %, from 33 mol % to 37 mol %, from 35 mol % to 45 mol %, from 30
mol % to 35 mol %, from 35 mol % to 40 mol %, or 30 mol %, 31 mol %, 32 mol %, 33 mol
%, 34 mol %, 35 mol %, 36 mol %, 37 mol %, 38 mol %, 39 mol %, or 40 mol % (or any
fraction thereof or range therein) of the total lipids present in the ipid nanoparticle
composition.

In some embodiments, the non-ionizable lipid components may be present from 5 mol % to
90 mol %, from 10 mol % to 85 mol %, from 20 mol % to 80 mol %, 10 mol % (e.g.,
phospholipid only), or 60 mol % (e.g., phospholipid and cholesterol or derivative thereof) (or
any fraction thereof or range therein) of the total lipids present in the lipid nanoparticle
composition.

The percentage of non-ionizable lipid present in the lipid nanoparticle composition is a target
amount, and that the actual amount of non-ionizable lipid present may vary, for example, by +
5 mol %.

Lipid conjugates
The lipid nanoparticle composition described herein may further comprise one or more lipid
conjugates. A conjugated lipid may prevent the aggregation of particles. Non-limiting
examples of conjugated lipids include PEG-lipid conjugates, cationic polymer-lipid
conjugates, and mixtures thereof.

In some embodiments, the lipid conjugate is a PEG-lipid or PEG-modified lipid (alternatively
referred to as PEGylated lipid). A PEG hipid is a hipid modified with polyethyiene glycol.
Examples of PEG-lipids include, but are not limited to, PEG coupled to dialkyloxypropyls
(PEG-DAA), PEG coupled to diacylglycerol (PEG-DAG), PEG-modified dialkviamines,
PEG-moditied diacyiglycerols (PEG-DHEG), PEG coupled to phospholipids such as
phosphatidylethanolamine (PEG-PE), PEGmoditied phosphatidic acids, PEG conjugated to
ceramides {FEG-CER}, PEG conjugated to cholesterol or a derivative thereof, and mixtures
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thereof. For example, a PEG lipid may be PEG-c-DOMG, PEG-DMG, PEG-DLPE, PEG-
DMPE, PEG-DPPC, or a PEG-DSPE limd.

I some embodiments, the PEG-hipd 13 selected from the group cousisting of a PEG-modified
phosphatidyiethanolamine, a PEG-modified phosphatidic acid, g PEG- modified ceramide, g
PEG-moditied dialkylamine, 2 PEG-modified diacyiglycerol, and a PEG-modified
dialkylglycerol.

In some embodiments, the PEG-lipid is selecied from the group consisting of 1,2~
dimynistovi-sn-glyeerol methoxypolyethvlene ghveol (FEG-DMG), 1, 2-distearoyi-sn-glvoero-
3-phosphosthanolamine-N-[amino{polyethviene giyeol}] (PEG-DSPE), PEG-disteryl glysercd
{(PEG-DRG), PEG-dipalmetoleyl, PEG-diolevl, PEG-distearyl, PEG-diacyiglyesmide (PEG-
DAG), PEG-dipalmitoy phosphandylethanolamine (PEG-DPFPE), or PEGHL2-
dimyristyloxipropyl-3-amine (PEG-c-BMAY.

PEG is a linear, water-soluble polymer of ethylene PEG repeating units with two terminal
hydroxyl groups. PEGs are classified by their molecular weights; and include the following:
monomethoxypoly ethylene glycol (MePEG-OH), monomethoxypoly ethylene glycol-
succinate (MePEG-S), monomethoxypoly ethylene glycol-succinimidyl succinate (MePEG-S-
NHS), monomethoxypoly ethylene glycol-amine (MePEG-NH),monomethoxypoly ethylene
glycol-tresylate (MePEG-TRES), monomethoxypoly ethylene glycol-imidazolyl-carbonyl
(MePEG-IM), as well as such compounds containing a terminal hydroxyl group instead of a
terminal methoxy group (e.g., HO-PEG-S, HO-PEG-S-NHS, HO-PEG-NH2).

The PEG moiety of the PEG-lipid conjugates described herein may comprise an average
molecular weight ranging from 550 daltons to 10,000 daltons. In certain instances, the PEG
moiety has an average molecular weight of from 750 daltons to 5,000 daltons (e.g. , from
1,000 daltons to 5,000 daltons, from 1,500 daltons to 3,000 daltons, from 750 daltons to 3,000
daltons, from 750 daltons to 2,000 daltons). In some embodiments, the PEG moiety has an
average molecular weight of 2,000 daltons or 750 daltons.

In certain instances, the PEG can be optionally substituted by an alkyl, alkoxy, acyl, or aryl
group. The PEG can be conjugated directly to the lipid or may be linked to the lipid via a
linker moiety. Any linker moiety suitable for coupling the PEG to a lipid can be used
including, e.g., non-ester-containing linker moieties and ester-containing linker moieties. In
some embodiments, the linker moiety is a non-ester-containing linker moiety. Suitable non-
ester-containing linker moieties include, but are not limited to, amido (-C(O)NH-), amino (-
NR-), carbonyl (-C(O)-), carbamate (-NHC(O)O-), urea (-NHC(O)NH-), disulphide (-S-S-),
ether (-O-), succinyl (-(O)CCH>CH>C(0O)-), succinamidyl (-NHC(O)CH,CH,C(O)NH-),
ether, disulphide, as well as combinations thereof (such as a linker containing both a
carbamate linker moiety and an amido linker moiety). In some embodiments, a carbamate
linker is used to couple the PEG to the lipid.

In some embodiments, an ester-containing linker moiety is used to couple the PEG to the
lipid. Suitable ester-containing linker moieties include, e.g. , carbonate (-OC(0)O-),
succinoyl, phosphate esters (-O-(O)POH-O-), sulfonate esters, and combinations thereof.
Phosphatidylethanolamines having a variety of acyl chain groups of varying chain lengths and

degrees of saturation can be conjugated to PEG to form the lipid conjugate. Such

53



WO 2023/091490 PCT/US2022/050111

phosphatidylethanolamines are commercially available, or can be isolated or synthesized
using conventional techniques known to those of skill in the art.

In some embodiments, phosphatidylethanolamines contain saturated or unsaturated fatty acids
with carbon chain lengths in the range of C10 to C20. Phosphatidylethanolamines with mono-
or di-unsaturated fatty acids and mixtures of saturated and unsaturated fatty acids can also be
used. Suitable phosphatidylethanolamines include, but are not limited to, dimyristoyl-
phosphatidylethanolamine (DMPE), dipalmitoyl-phosphatidylethanolamine (DPPE), dioleoyl-
phosphatidylethanolamine (DOPE), and distearoyl-phosphatidylethanolamine (DSPE).

The term "diacylglycerol" or "DAG" includes a compound having 2 fatty acyl chains, R1 and
R2, both of which have independently between 2 and 30 carbons bonded to the 1- and 2-
position of glycerol by ester linkages. The acyl groups can be saturated or have varying
degrees of unsaturation. Suitable acyl groups include, but are not limited to, lauroyl (C12),
myristoyl (CM), palmitoyl (C16), stearoyl (C18), and icosoyl (C20). In some embodiments,
R1 and R2 are the same, i.e. , R1 and R2 are both myristoyl (i.e. , dimyristoyl), R1 and R2 are
both stearoyl (i.e. , distearoyl).

The term "dialkyloxy propyl" or "DAA" includes a compound having 2 alkyl chains, R and
R’, both of which have independently between 2 and 30 carbons. The alkyl groups can be
saturated or have varying degrees of unsaturation.

In some embodiments, the PEG-DAA conjugate is a PEG-didecyloxypropyl (C10) conjugate,
a PEG-dilauryloxypropyl (C12) conjugate, a PEG-dimyristyloxypropyl (C14) conjugate, a
PEG-dipalmityloxy propyl (C16) conjugate, or a PEG-distearyloxy propyl (C18) conjugate. In
some embodiments, the PEG has an average molecular weight of 750 or 2,000 daltons. In
some embodiments, the terminal hydroxyl group of the PEG is substituted with a methyl

group.

In addition to the foregoing, other hydrophilic polymers can be used in place of PEG.
Examples of suitable polymers that can be used in place of PEG include, but are not limited
to, polyvinylpyrrolidone, polymethyloxazoline, polyethyloxazoline, polyhydroxypropyl
methacrylamide, polymethacrylamide and polydimethylacrylamide, polylactic acid, poly gly
colic acid, and derivatized celluloses such as hydroxymethylcellulose or hydroxy
ethylcellulose.

R3PL1 L1_D A
] . ‘ e . \é/\O)/PU \H;PU
i some embodiments, the PEG-lipid 15 2 compound of formula r , OF
a salt thereof, wherein,

RAPLE g _ROPLL

RO is hydrogen, opticoally substituted alkyl, or an oxyeen protecting group,

1 15 an integer between 1 and 100, inclusive,

L!is optionally substituted Ciin alkylene, wherein at least one methyiene of the
optionally substituted Cio alkyiene 1s independently replaced with optionally substituted
carbocyelvlene, optionally substituted heterocyelyvlene, optionally substituted arviene,
optionally substituted heteroaryiene, O, N{RMUY, 8, OOy, CLOMNENTY, WRNMC(O, -
CLOYD, OO0), OTHH0, OCEINRIEY NRMUOOWS, or NRNHIC(OWIN(R™HY,

[y 15 a motety obtained by click chemistry or a moiety cleavable under physiological
conditions; m™ 150, 1,2,3.4, 5,6, 7,8, 9, or 10
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{225 .
Hg\ 2 p2SL ’12& e R pSt
{e—R

A 15 of the formula; or

each instance of L% is independently a bond or aptmmilv substituted 1. alkvlene,
wherein one methyvlene unit of the oplionally substitnied Cre alkylene is optionally replaced
with O, MR 8, Ca@‘z CzO;B(RWJ‘; NR' m(‘(@) C(O}Q OO0y, OC(OYD, -
OOOINERNEY, NRMi CO)0, or NRWHIC(ONRNA

each 1nstance of R“ is independently optionally &Ubbii'{u'(bd Chrae alkyl, optionally
substituted Ciao alkenyl, or optionally substituted Cian alkynyi; optionally wherein one or
more methylene units of R™ are independently replaced with optionally substituted
carbocyclyvlene, optionally substituted heterocvelylene, optionally substituted arviene,
optionally substituted hetercarviene, N(R™Hy O, 8, (0, COMNRMH NRMHICO), -
NRMLLCOWRMLY OO, OO0, ()(m;@ ()(sn;mW" NRMLLOOWS, C{ONR, -
SO0}, CE=NRTHY (= NRNFL }\(R\"’U‘; NRPLICY \JRNFU) :
MNRNFIOEENRIPV NGRSy, CISINRNEY, WRMH S, NRIPUC(SINERNTY, S0,
OS(0), 3OO, TR0, 05(_0)_._, %(0)2(1 OS(OR0, NERNEHYSO, S((})N(R,NPH}, -
NERN %‘G)V( RN s ma-'@“; NENENSG0, 8(0), NERNIMS(OL.
SEORMNEND, RGO LNEN, B8O LNERPH or NN S(ORO,

cach instance of RV is independently hydrogen, optionally substituted atkyl, or a
nItrogen profeciing group,

Ring Bis Ophomi]v substituted carbooyelvl, optionally substituted heterocyclyi,
thionaﬁv substituted aryl, or optionally ctlbstlttlttii heteroaryl; and

pois 1 oor 2.

HO — A
\é/\O)/Pt D\H/ PL1

In some embodiments, the PEG-lipid 18 a compound of formula r m
or a salt thereof, wherein 71, LY D, m ™! and A are as above defined.

QO

R3PEG
SFEN
o SR
rPEG

In some embodimenis, the PEG-lipid 18 a compound of formula or a salt
or 1somer thereof, wherein:

RIVES g ORY:

R is hydrogen, Cre alkyl or an oxygen protecting group,

r P59 5 an integer between 1 and 100 {e.¢., between 40 and 50, e.g., 45}

R’p’L s oo alliv (e.g., O alkyl, (/.u-w altkenyl, or Cuwe allyoyl; and opticoally
one or more methylene groups of RPEC are independently replaced with Caao carthocyelviene,
4 to 10 membered hetemcs eiviene, Caig arylene, 4 10 10 membered hetercarviene,,
NRNEG O 6 —CU0 - ~CIOMNRITES ) _NRPESC(O)—, —NRINESC(OTNRMES)
{00, - OQQ‘;— —GC( 00— —OQG‘;N(RNPE(’) SNRMPECC(OHO-, ~C{Op8—, -SC(0),

CC{ENRNEGYL O R NE BN (E{\IPFQ ANRIPEGO (e RNPEGy
NR TESC s NRNPEC‘)\(R“ PEGL (8}, ~C (%)\(RMM’} ~NRMECC(S -, -
NENESCOSINGRPES. 8(0)-, ~O8(0)-, S0~ ~OS(0)0-, 080y, -S{010-, -
OS(ON0-, -NERNW “U)% (O, —S{CrN ?;*”““,--, N ,zzﬁ“’“‘i ISEOINRNFOY
DS(OINERIFEC) N(RNPE(";S(Q;G— S0, ~NERNEDO Y-, ~SORNERNES
NRMYESISO) N( RMPES OS8O NIRPECL. o -NRMPEOIS(01:0- and

each tnstance of R NPEG | is mdependenﬂ\, vydrogen, Cis alkyl, or a mitrogen proteciing
ZFoUp.
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Iy some embodiments, the PEG-lipid 15 a compound of formula

Q
hO\(\\/\ O?:PLFL\

¥}

, wherein v 759 i3 an integer between 1 and 100 (e.g,

between 40 and 50, e.g., 45},

pEe

fn some embodiments, the PEG-hipd is a compound of formuls
SPL'I

Meot™0 j
o ’\/\/\/\/“\/\/\
O\n/\/\/’\//\/’\,/\/
© or a salt or ispmer thereof, wherein 7' is an imteger

between 1 and 100 {e. g, between 40 and 50, ¢ g, 45).
o
0 R?
\O’é\/ M{?/

: . g . %% .
In some embodiments, the PEG-lipid has the formula of R ora

pharmacentically acceptable sall, tautomer or sterecisorner thereof, wherein

RY and R” are each independently a straight or branched, saturated or unsaturated alkyl
chain contatning from 10 10 30 carbon atoms, wherein the alkyl chain is optionally intermupted
by one or more ester bonds {e.z, R® and R are each independently straight, saturated alkyl
chains containing from 12 to 16 carbon atoms); and

w hag a mean value ranging from 30 (0 60 {¢ g, the average wis about 49},

In some embodiments, the tncorporation of any of the above-discussed PEG-Hpids in the lipid
nanoparticle composition can improve the pharmacokinetics and/or biodistribution of the LNP

nanoparticle composition can reduce the accelerated blood clearance (ABC) effect.

In some embodiments, the lipid conjugate (e.g. , PEG-lipid) is present from 0.1 mol % to 2
mol %, from 0.5 mol % to 2 mol %, from 1 mol % to 2 mol %, from 0.6 mol % to 1.9 mol %,
from 0.7 mol % to 1.8 mol %, from 0.8 mol % to 1.7 mol %, from 0.9 mol % to 1.6 mol %,
from 0.9 mol % to 1.8 mol %, from 1 mol % to 1.8 mol %, from 1 mol % to 1.7 mol %, from
1.2 mol % to 1.8 mol %, from 1.2 mol % to 1.7 mol %, from 1.3 mol % to 1.6 mol %, or from
1.4 mol % to 1.5 mol % (or any fraction thereof or range therein) of the total lipids present in
the lipid nanoparticle composition. In some embodiments, the lipid conjugate (e.g., PEG-
lipid) is present from O mol % to 20 mol %, from 0.5 mol % to 20 mol %, from 2 mol % to 20
mol %, from 1.5 mol % to 18 mol %, from 2 mol % to 15 mol %, from 4 mol % to 15 mol %,
from 2 mol % to 12 mol %, from 5 mol % to 12 mol %, or 2 mol % (or any fraction thereof or
range therein) of the total lipids present in the lipid nanoparticle composition.

In some embodiments, the lipid conjugate (e.g. , PEG-lipid) is present from 4 mol % to 10
mol %, from 5 mol % to 10 mol %, from 5 mol % to 9 mol %, from 5 mol % to 8 mol %, from
6 mol % to 9 mol %, from 6 mol % to 8 mol %, or 5 mol %, 6 mol %, 7 mol%, 8 mol %, 9
mol %, or 10 mol % (or any fraction thereof or range therein) of the total lipids present in the
lipid nanoparticle composition.

The percentage of lipid conjugate (e.g., PEG-lipid) present in the lipid nanoparticle

composition is a target amount, and the actual amount of lipid conjugate present in the
composition may vary, for example, by + 2 mol %. One of ordinary skill in the art will
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appreciate that the concentration of the lipid conjugate can be varied depending on the lipid
conjugate employed and the rate at which the lipid particle is to become fusogenic.

By controlling the composition and concentration of the lipid conjugate, one can control the
rate at which the lipid conjugate exchanges out of the lipid nanoparticle and, in turn, the rate
at which the lipid nanoparticle becomes fusogenic. In addition, other variables including, e.g .,
pH, temperature, or ionic strength, can be used to vary and/or control the rate at which the
lipid nanoparticle becomes fusogenic. Other methods which can be used to control the rate at
which the lipid nanoparticle becomes fusogenic will become apparent to those of skill in the
art upon reading this disclosure. Also, by controlling the composition and concentration of the
lipid conjugate, one can control the lipid nanoparticle size.

In some embodiments, the lipid nanoparticle composition may comprise 30-70% ionizable
lipid compound, 0-60 % cholesterol, 0-30% phospholipid, and 1-10% polyethylene glycol
(PEG)-lipid. In some embodiments, the LNP composition may comprise 30-40% ionizable
lipid compound, 40- 50% cholesterol, and 10-20% PEG-lipid. In some embodiments, the LNP
composition may comprise 50-75% ionizable lipid compound, 20-40% cholesterol, 5-10%
phospholipid, and 1-10% PEG-lipid. In some embodiments, the LNP composition may
contain 60-70% ionizable lipid compound, 25-35% cholesterol, and 5-10% PEG-lipid.

In some embodiments, the LNP composition may contain up to 90% ionizable lipid
compound and 2-15% helper lipid.

In some embodiments, the lipid nanoparticle composition may contain 8-30% ionizable lipid
compound, 5-30% helper lipid, and 0-20% cholesterol. In some embodiments, the lipid
nanoparticle composition contains 4-25% ionizable lipid compound, 4-25% helper lipid, 2-
25% cholesterol, 10-35% cholesterol-PEG, and 5% cholesterol-amine. In some embodiments,
the lipid nanoparticle composition contains 2-30% ionizable lipid compound, 2-30% helper
lipid, 1-15% cholesterol, 2-35% cholesterol-PEG, and 1-20% cholesterol-amine. In some
embodiments, the lipid nanoparticle composition contains up to 90% ionizable lipid
compound and 2-10% helper lipids. In some embodiments, the lipid nanoparticle composition
contains 100% ionizable lipid compound.

OTHER COMPONENTS FOR THE LNP COMPOSITION

The hpd nanoparticle composition may include one or more components 1o addifion o those
described ahove. For example, a LNP composition may inclade one or more small
hyvdrophobic molecudes such as a vitamin {e.g., vitanin A or vitamin B} or a sterol.

The liptd nanoparticle composition may alse include one or more permeability enhancer
molecules, carbohydrates, polymers, surface altering agents, or other components,

Suitable carbohydrates may inchide simple sugars {(e.¢., glucose) and polysaccharides (e g,
ghyeogen and derivatives and analogs thereof)

A polymer may be used 10 encapsulate or partially encapsulate a nanoparticle composition.
The polvmer may be bindegradable and/or biocompaiible. Surtable polymers include, but are
not Himited to, polvamings, polvethers, polvamides, polvesters, polycarbamates, polyureas,
polycarbonates, polvstyrenss, polyimides, polysulfones, polyurethanes, polvacetylenes,
polyethvienes, polvethyvieneimines, polyisocyanates, polyacrvlates, polyrethacrylates,
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polyacrylonitriles, and polyarvlates. For example, a polymer may include polyicaprolactone)
(PCL), ethylene vinyl acetate polymer (EVA), poly{lactic acidy (PLA), polv{L-lacuc aoid)
(PLLA}Y, poly(giveslic acid) (PGA), poly{lactic acid-co-glycolic acid) (PLGA), poly{L-lactic
acid-co~glveolic acid) (PLLGA), poly(B L-actide) (PBLA)Y, poly{L-lactide) (PLLA)Y,

poly{D L-lactide-co-caprolactone), poly{D L-lactide-co-caprolactone-co-glycolide), polv(D L~
iactide-co-PE{co-D3, L-lactide}, poly(D, L-lactide-co-PPO-co-D L-lactide), polyabiyl
cyanoacrylate, polyurethane, poly-L- lysive (PLL), hydroxypropyl methacryiate (HPMA),
polyethvieneglycol, poly-L-ghitamic acid, poly{hydroxy acids), polyanhydrides,
polvorthoesters, poly{ester anmdes), polyamides, poly{ester ethers}, polycarbonates,
potvalkylenes such as polyethylene and polypropylene, polyaikyiene glyveols such as
polviethvlene glyeol} (PEG), polvalkyiene axides (PEQ), polvalkvlens terephthalates such as
polyiethylene terephtbalate), polyviny] alcobols (PVA), polyvinyl ethers, polyvingt osters
such as poly{vinyl acetate), polyvinyt halides such as polyivinyl chlonde} (V)
polyvinyipyrrolidone (PVP), polysiloxanes, polystyrene (PS), polvurethanes, denvatized
cethuloses such as alkyl celluloses, bydroxyalkyt celluloses, cellulose ethers, cellnlose esters,
nitro celiuloses, hydroxypropyleeliniose, carboxymethyicelbulose, polymers of acrylic acids,
such as poly{methyl{meth)acryiate} (PMMA}, poly{ethyl{methlacrylate),

polytbutyl{meth jacrylate), polv{isobutylimethjacrylate), polvihexyimethjacryliate),
poly{isodecyl{methjacrylate), poly{lauryi{methiacrylate}, poly{phenvi{methjacrviate),
poly(methyl acrvlate), polv{sopropy! acryiate), polyisobutyl acrylaie}, polv{octadecyl
acrylate) and copolyviners and nuxtures thereof, polydioxanone and us copolymers,
polvhvdroxyaikanoates, polypropyiene fumarate, polyoxymethyiene, poloxamers,
polyoxamines, poly{orthojesters, poly(butyric acid), poly{valeric acid), polv{iactide-co-
caprolactone), trimethylene carbonate, poly{M-acryvioyimorpholing) (PAcM), poly{(2-methyi-
Z-orazoiine) (PMOX), polviZ-ethyl-2-oxazoliney (PEGY), and polyalycerol,

Suitable surface altering agenis inchude, but are not limited to, anionic proteins {e.g, bovine
serum atbumin), surfactants {e g, cationic surfaciants such as dimethyldioctadecyl-
ammonium bromide), sugars or sugar dentvatives {e.g, cyvclodextrind, nucleic acids, polymers
{e.g, hepanuy, polvethylene glyeol, and poloramer), mucolvtic agenis {e.g., acetyleysteine,
mugwort, bromelain, papatn, clerodendrum, bromhbexine, carbocisieine, eprazinone, mesna,
ambroxa, sobrerol, domiodol, letosteine, stepronin, tiopronin, gelsolin, thymaosin B4, dornase
alfa, nelienexine, and erdosteine), and DNases (e.g, rhidMNase} A surface altering agent may
be disposed within a lipid nanoparticie and/or on the surface of a lipid nanoparticle {c.g., by
coating, adsorption, covalent linkage, or other process).

The liptd nanoparticle composition may also comprise one or more functiionalized lipids. For
example, a lipid may be functionabized with an alkyne group that, when exposed to an azide
under appropriate reaction conditions, may undergo a cycloaddition reaction. In particular, a
tipid bilaver may be functionalized in this fashion with one or more groups useful in
facilitating membrane permeation, celiular recognition, or imaging. The surface of 3 Hpid
nanaparticle may also be conjugated with one or more usefild antibodies. Funcuional groups
and conjugates useful in fargeted cell delivery, imaging, and membrane permeation are well
known o the art,

The hiptd nanoparticle composition may inchude any substance usetl in pharmaceutical
compositions. For example, the lipid vavoparticle coropostiion may wncinde one ot more
pharmaceutically acceptable excipients or accessory ingredients such as, but not limited to,
one or mors solvents, dispersion media, diluents, dispersion aids, suspension aids, granulating
aids, disintegrants, filers, ghdants, higuid vehicles, binders, surface active agents, isotonic

58



WO 2023/091490 PCT/US2022/050111

agents, thickemng or emulsifying agents, butfening agents, lubricating agents, oils,
preservatives, and other species. Excipients such as waxes, butters, coloring agents, cogting
agents, flavorings, and perfuming agents may alsc be included.

Suitable diluents may inchude, but are not Hmited to, calcium carbonate, sodium carbonate,
calcinm phosphate, dicalcium phosphate, calcium subfate, calcium hydrogen phosphate,
sodium phosphate lactose, sucrose, celtulose, microorystallineg celinlose, kaolin, manmtol,
sorbitol, inositol, sodium chioride, dry starch, cornstarch, powdered sugar, and/or
combnnations thereof. Granulating and dispersing agents may be selected from the non-
finuting list consisting of potato starch, comn starch, taptoca starch, sodium starch glveolate,
clayvs, alginic acid, guar gum, citrus pulp, agar, bentonite, celluiose and wooed products,
natural sponge, cation-exchange resins, calcium carbonaie, silicates, sodiurn carbonate, cross-
iinked poly(vinyl-pyrrelidone) {crospovidone), sodium carboxymethyl starch (sodium starch
ghycolate), carboxymethyl cellulose, cross-linked sodium carboxymethyl cellulose
{croscarmoeliose), methylcellulose, pregelatinized starch (starch 1500}, roicroorystailine starch,
water tnsoluble starch, calcium carboxymethyl celluiose, magnesium aluminum silicate
{(VEEGUM®), sodium lauryt sulfale, quaternary ammonium compounds, and/or cominations
thereof.

Suitable surface active agents and/or erulsifiers may wnclude, but are not Lmited to, natural
emulsifiors {2.g., acacis, agar, alginic acid, sodium alginate, tragacanth, chondrux, cholestercl,
xanthan, pectin, gelatin, ege volk, casein, wool fat, cholesterol, wax, and tecithin), colloidal
clays {e.g bentonite [alurinur silicate] and VEEGUM® [magnesium aluminum sibicated),
tong chain amine acid derivatives, high molecular weight alcchols (e g stearyl aleohol, cetvl
alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol distearate, glyveeryl
monostearate, and propylene glyeol monostearate, polyvinyl alechel), carbomers {e.g.
carboxy polymethyviene, polvacrylic acid, acrvlic acid polymer, and carboxyvinyl polymery,
carrageenan, cellulosic derivatives (e.g. carboxymethyicelulose sodivm, powdered cellulose,
hydroxvmethyl cellulose, hydroxypropyl cellulose, hydroxypropyt methylcelivlose,
methyicellunlose), sorbitan fatty actd esters (e.g. polyoxyethylens sorbitan monolaurate
FTWEEN®20], polvoxyethylene sorbitan [TWEEN® 60], polyoxvethylone sortbuian
moncoleate [TWEEN®RO], sorbitan monopalmitate [ SPAN®40G], sorbitan monostearate
FSPAN®OC, sorbitan iristearate [ SPAN®OS], glyeeryl monooleate, sorbitan monooleate
FSPANGSOY, polvoxvethyviene esters (e g polyoxyethylene monostearate [MYRI® 451,
polyoxvethyiens hydrogenated castor o, polyethoxylated castor oil, polyoxymethylens
stearate, and SOLUTOL®), sucrose fatty acid esters, polyvethyiene glyeol fativ acid estors
{e.g. CREMOPHOR®), polyoxyethylene ethers, (e g polyoxyethylene lauryl ether [BRI®
3013, poly{vinyl-pyrrolidone), diethyiene glyveol monolavrate, riethanolamine oleate, sodhm
oleate, potassiurn oleate, ethyl oleate, oleic acid, ethyl lanrate, sodwum lavryt sulfate,
PLURONIC®F 68, POLOXAMER® 188, cetrimonium bronude, cetylpyridinium chioride,
benzalkonium chlionde, docusate sodium, and/or combinations thereot

Suitable binding agents may be starch {e.¢ comstarch and starch paste), gelatin; sugars {e.g.
sucrose, ghucose, dexirose, dextrin, molasses, factose, lactiiol, manmutol); natural and synthetic
gums {e.¢., acacia, sodium alginate, extract of Irish moss, panwar gura, ghatti gur, mucilage
of isapol husks, carboxymethylcellulose, methylcellulose, ethylcellulose,
hydroxyethyicellulose, hydroxypropyt cellulose, bydroxypropyl methyiceliulose,
microcrystatiine cellulose, celluniose acetate, polv{vinvi-pyrrolidone), magnesium aluminum
stlicate (VEEGUM®), and larch arabogalactan), alginates; polyethylene oxide; polyethyvlene
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glveol; inorganic calcinm aalts) stlicic acid, polymethacrylates; waxes, water; alcohol, and
combinations thereof, or anv other suitable hinding agent.

Ruitable preservatives may wclhude, but are not mited to, antioxidants, chelating agents,
antimicrobial preservatives, antifungal preservatives, aleohol preservatives, acidic
preservatives, and/or other preservatives. Hxamples of antioxidants include, but are not
Hrnited to, alpha tocopherol, ascorbic acid, acorbyl palmitate, butvlated hvdroxyanisole,
butytated hydroxyioluene, monothioglycersl, potassium metabisulfite, propionic acid, propyl
gallate, sodinm ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodiuny sulfite,
Examples of chelating agents include ethylenediaminetetrascetic acid (EDTA), oitric acid
monchydrate, disodium edetate, dipotassium edeiate, edetic acid, fumaric acid, malic acid,
phosphoric acid, sodium edetate, tartaric acd, and/or trisodium edetate. Examples of
antimicrobial preservanves include, but are not mited to, benzalkonium chloride,
benzethonium chloride, benzyl alcohol, bronopol, cetrimde, cetvipyridinium chionds,
chlorhexidine, chlorobutanol, chiorocresol, chloroxvienol, cresol, ethyvl aleohol, glycerin,
hexetidine, imidurea, phenol, phenoxvethanol, phenvlethy! alcohol, phenyimercuric mitrate,
propylene glycol, and/or thimercsal. Examples of antitungal preservatives includs, bt are not
Himited to, butyl paraben, methyl paraben, ethyl paraben, propyl paraben, benzoic acid,
hydroxybenzoic acid, potassium benreate, potassium sorbate, sedium benzoate, sodium
propionate, and/or sorbic acid. Examples of aleohol preservatives include, but are not hovted
to, ethanol, polyethylene glyedl, benzyl alcohol, phendl, phenolic compounds, bisphenol,
chlorobuianol, hvdroxybenzoate, and/or phenylethyl alcohol. Hxamples of acidic
preservatives include, but are not Himited to, vitamin A& vitamin €, vitlamin B, beta-carotene,
citric actd, acetic acid, debvdroascorbic acid, ascorbic acid, sorbic acid, and/or phytic acid.
Gther preservatives include, but are not limited to, tocopherol, tocopherol acetate, deteroxime
mesyiate, cetrimide, butylated hydroxyanisole {(BHA), butylated hydroxyiotuene {(BHT),
ethyienediamine, sodium lauryl sulfate (SLS}, sodiuny laury] ether sulfate (SLES), sodium
bisulfite, sodium rmetabisulfite, potassium sulfite, potassiurn metabisultite, GLYDANT
PLUS®, PHEMNOMNIP®, methyiparaben, GERMALLR® 115, GERMABEN®I, NEQLONE™,
KATHON, and/or BEUXYL®,

Suitable lubricating agents include, but are not mited to, magnesium stearate, calcium
stearate, stearic acid, silica, talce, malt, glycervi behenate, hvdrogenated vegetable oils,
polyethvliene glveol, sodium benzoate, sodium geetate, sodium chlonide, leucine, magnesium
taurvl sulfate, sodium lauryl suifate, and combinations thereof.

Suitable cils include, but are not imuted to, almond, apricot kernel, avocado, habassy,
bergamot, black current seed, borage, cade, camomile, canola, caraway, carnanba, castor,
cinnamon, cocoa butler, coconut, cod Hiver, coffee, corn, cotton seed, emu, eucalyptus,
evening primrose, fish, flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isopropyl
myristate, joioba, kukui mut, favandin, lavender, lemon, hitsea cubeba, macadenia nut,
mallow, mange seed, meadowtoam seed, munk, nutmeg, olive, orange, orange roughy, palim,
palm kernel, peach kernel, peamt, poppy seed, pumpkin seed, rapeseed, rice bran, rosemary,
satflower, sandalwood, sasquana, savoury, sea buckthom, sesare, shes butier, silicone,
soybean, suntlower, tea treg, thistle, tsubaky, vetiver, walnut, and wheat germ oils as well as
butyl stearate, caprylic triglveeride, capric triglyeeride, cyclomethicone, diethy] sebacate,
dimethicone 364, simethicone, 1sopropyl myristate, vyneral oll, octyldodecanol, olevl alcohol,
stlicone ¢il, and/or combinations thereof.

In some embodiments, the lipid nanoparticle composition further comprises one or more
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cryoprotectants. Suitable cryoprotective agenis inchude, but are not himited (o, a polvol {e.g., a
diot or a triol such ag propyiene glveod {1.e, 1 2-propanedicl), 1 3-propanediol, glveerol, {(+/-
y-2-methyi-2 4-pentanediol, 1 6-hexanediol, 1,2-butanediol, 2 3-butanediol, ethylene glveol,
or diethvlene glyeol), a nondetergent sulfobetaine (e g, MISB-201 3-(-pyridino}-i-propane
sulfonate), an osmolvte {e.g, L-proline or trimethylamine N-oxide dihydrate}, 2 polvimer {e.g.,
polyvethylene glycol 200 (PEG 200}, PEG 400, PEG 600, PEG 1000, PEGy-DMG, PEG 3350,
PEG 4000, PEG 8000, PEG 10000, PEG 20000, polyvethylene giveol monomethyi ether 550
{mPEG 550}, mPEG 600, mPEG 2000, mPE(G 3350, mPHEG 4000, mPEG 5000,
polyvinyipyrrolidone (e g, polyvinylpyrrolidone K 153, pentaervihuitol propoxylate, or
polvpropyiene glyeol P 400}, an organic solvent {e.g., dimethyl sulfoxide (BM30O) or
ethanol}, a sugar {e.z., B-{+i-sucrose, D-sorbitol, trehalose, D-(+-maltose monohvdrate,
meso-erythiitol, xyvlitol, myo-inositol, B-{+)-ratfinose pestahydrate, D-{+)-trehalose
dihydrate, or D-(+}-glucose monchydrate), or a salt {e. g, lithium acetate, ithiurn chloride,
Hihium formate, Hihinm nitrate, Hthium suifate, magnesium acetaie, sodium aceiate, sodium
chloride, sodiurn formate, sodium roalonate, sodium nitrate, sodium sulfate, or any hydraie
therent), or any combination thereof.

In some embodiments, the cryoprotectant comprises sucrese. In some embodiments, the
crypproteciant and/or exgipient is sucrose . In some embodiments, the cryopratectant
comprises sodivm acetate. In some embodiments, the crvoprotectant and/or exciplent is
sodium acetate. In some embodiments, the cryoprotectant comprises sucrose and sodium
acetate.

In some embodiments, the lipid nanoparticle composition further comprises one or more
buffers. Suitable buffering agents inchude, but are not imited to, citrate buffer solutions,
acetate buffer solutions, phosphate butter solutions, ammonium chlornide, calcium carbonate,
calcium chionide, calcium citrate, calcium glubionate, calcium gluceptate, calcium ghuconate,
d-gluconic acid, caloiurn glycerophosphate, calcium lactate, calcium lactobionate, propanoic
acid, caleum levulinate, pertanoic acd, dibasic calcium phosphate, phosphoric acid, tribasic
calciuny phosphate, calcium hydroxide phosphate, potassium acetate, potassium chioride,
potassinm gluconaie, polassium mixtures, dibasic potassiurn phosphate, monobasic potassium
phosphate, potassium phosphate mixiures, sodium acetate, sodium bicarbonate, sodium
chloride, sodivm citrate, sodinm factate, dibasic sodium phoaphate, monoebasic sodium
phosphate, sodium phosphate mixtures, tromethamine, amino-sultonate buffers {e g, HEPES),
magnestum hydroxide, aluminum hydroxide, alginic acid, pyrogen-free water, isctonic saline,
Ringer's solution, ethyl alcohol, and/or combinations thereof

i some embodinenis, the buffer s an acetate buffer, a citrate butfer, a phosphaie buffer, a
tris buffer, or combinations thereof.

In some embodiments, the lipid nanoparticle composition further comprises one or more
nucleic acids, ionizable lipids, amphiphiles, phospholipids, cholesterol, and/or PEG-linked
cholesterol.

THERAPEUTIC AGENTS

In some embodiments, the lipid nanoparticle composition further comprises one or more
therapeutic and/or prophylactic agents (e.g., nucleic acid components).
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In some embodiments, the therapeutic and/or prophylactic agent 1s a vaccine, a compound
{e.g.. a polynucieotide or nuclheic acid molecule that encodes a protein or polypeptide or
peptide or a protein or pelypeptide or protein) that elicits an imnune response, and/or ancther
therapentic and/or prophylactic. Vaccines imclude compounds and preparations that are
capable of providing irmmunity againsgt one or more conditions related to infectious diseases
and can include mRNAs encoding infectious disease derived antigens and/or epiiopes.
Yacoines also include compounds and preparations that divect an immune respouse against
cancer celis and can include mBMNAs encoding tumor cell derived antigens, epitopes, and/or
neoepiiopes. In some embodiments, a vaccine and/or a compound capable of eliciting an
immune response 15 administered itramuscularty via a composition of the disclosure.

In some embodimenis, the therapeutic and/or prophylactic 1s g protein, {or exarple & protein
needed 1o augment or replace a naturally-cocurring protein of interest. Such proteins or
polypeptides may be naturally occurning, or may be modified using methods known in the art,
6.2, 1o increase half fife. Exemplary proteins are tntracellnlar, transimembrave, or secreted
proteins, peptides, or polypeptide.

In some embodiments, the therapeutic and/or prophyviactic agent comprises one or more RNA
and/or DNA components. In some embodiments, the therapeutic and/or prophylactic agent
comprises one or more DNA components. In some embodiments, the therapeutic and/or
prophylactic agent comprises one or more RNA components.

In some embodiments, the one or more RNA components is chosen from mRNA. In some
embodiments, the mRNA is a modified mRNA.

In some embodiments, the one or more RNA components comprise a gRNA nucleic acid. In
some embodiments, the gRNA nucleic acid is a gRNA.

In some embodiments, the one or more RNA components comprise a Class 2 Cas nuclease
mRNA and a gRNA. In some embodiments, the gRNA nucleic acid is or encodes a dual-guide
RNA (dgRNA). In some embodiments, the gRNA nucleic acid is or encodes a single-guide
RNA (sgRNA). In some embodiments, the gRNA is a modified gRNA. In some embodiments,
the modified gRNA comprises a modification at one or more of the first five nucleotides at a
5’ end. In some embodiments, the modified gRNA comprises a modification at one or more of
the last five nucleotides at a 3” end.

In some embodiments, the one or more RNA components comprise an mRNA. In some
embodiments, the one or more RNA components comprise an RNA-guided DNA-binding
agent, for example a Cas nuclease mRNA (such as a Class 2 Cas nuclease mRNA) or a Cas9
nuclease mRNA.

In some embodiments, the therapeutic and/or prophylactic agent comprises one or more
template nucleic acids.

In some embodiments, the therapeutic agent is chosen from one or more nucleic acids,
including, e.g., mRNA, antisense oligonucleotide, plasmid DNA, microRNA (miRNA),
miRNA inhibitors (antagomirs/antimirs), messenger-RNA-interfering complementary RNA
(micRNA)}, DNA, multivalent RNA, dicer substrate RNA, complementary DNA (¢cDNA), etc.
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Nucleic acids may be prepared according to any avatlable techunique. For mRNA, the primary
methodology of preparation is, but not limited to, enzymatic synthesis {also termed in vitro
transcription} which currently represents the most efficient method to produce long sequence-
specific mRNA. In vitro transcription describes a process of teroplate-directed synthesis of
RINA molecules from an engineered DNA template comprised of an upstream bacteriophage
promoter sequence {e.g., including but not limited to that from the T7, T3 and SP6 coliphage)
linked to a downstream sequence encoding the gene of interest. Template DNA can be
prepared for in vitre transcription from a number of sources with appropriate technigues
which are well known tn the art including, but not limited to, plasmid DNA and polymerase
chain reaction amplification (see Linpinsel, 1 L and Conn, G.L, General protocols for
preparation of plasmid DNA template and Bowman, J.C., Azizi, B, Lenz, TK , Ray, P, and
Williarns, L., in RNA in vitro transcription and RNA purification by denaturing PAGE in
Recombinant and in vitro RNA syntheses Methods v. 941 Conn G L. (ed), New York, NY.
Humana Press, 2012, which are incorporated herein by reference in their entirety).

Transcription of the RNA occcurs in vitro using the linearized DNA template in the presence of
the corresponding RNA polymerase and adenosine, guanosine, uridine and cytidine
ribonucieoside triphosphates (fNTPs) under conditions that support polymerase activity while
minimizing potential degradation of the resultant mRNA transcripts. In vitro transcription can
be performed using a variety of commercially available kits including, but not limited to
RiboMax Large Scale RNA Production System (Promega}, MegaScript Transcription kits
{Life Technologies) as well as with commercially available reagents including RNA
polymerases and rNTPs. The methodology for in vitro transcription of mRNA 15 well known
in the art. (see, e.g. Losick, R, 1972, In vitro transcription, Ann Rev Biochem v .41 409-46;
Kamakaka, R. T. and Kraus, W. L. 2001, In Vitro Transcription. Current Protocols in Cell
Biology. 2: 11.6: 11.6.1-11.6.17; Beckert, B. And Masquida, B (2010} Synthesis of RNA by
In Vitro Transcription in RNA in Methods in Molecular Biology v. 703 (Neilson, H. Ed}, New
York, N.Y. Humana Press, 2010; Brunelle, J.L. and Green, R, 2013, Chapter Five - In vitro
transcription from plasmid or PCR-amplified DNA, Methods in Enzymology v. 530, 101-114;
all of which are incorporated herein by reference}.

The desired in vitro transcribed mRNA may be purified from the undesired components of the
transcription or associated reactions (including unincorporated fNTPs, protein enzyme, salts,
short RNA oligos, etc.). Techniques for the isolation of the mRNA transcripts are well known
in the art. Well known procedures include, for non-limiting examples, phenol/chioroform
extraction or precipitation with either alcohol (ethanol, isopropanol) in the presence of
monovalent cations or lithtum chioride.

Additional, non-limiting examples of purification procedures which can be used inchude size
exclusion chromatography (Lukavsky, P.J. and Puglisi, 1.1, 2004, Large-scale preparation
and purification of polyacrylamide-free RNA oligonucleotides, RNA v. 10, 889-893, which 1s
incorporated herein by reference in its entirety), silica-based affinity chromatography and
polyacrylamide gel electrophoresis (Bowman, J.C, Azizi, B, Lenz, TX., Ray, P., and
Williams, L.D. in RNA in vitro transcription and RNA purification by denaturing PAGE in
Recombinant and in vitro RNA syntheses Methods v. 941 Conn G.1. {ed), New York, NY.
Humana Press, 2012, which is incorporated herein by reference in its entirety ). Punfication
can be performed using a variety of commercially available kits including, but not limited to
SV Total Isolation System (Promega) and In Vitro Transcription Cleanup and Concentration
Kit (Norgen Biotek).
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Furthermore, while reverse transcription can vield large quantities of mRNA, the products can
contain a number of aberrant RNA impurities associated with undesired polymerase activity
which may need to be removed from the fuli-length mRNA preparation. These include short
RINAs that result from abortive transcription initiation as well as double-stranded RNA
{dsRNA) generated by RNA-dependent RNA polymerase activity, RNA-primed transcription
from RNA templates and self-complementary 3' extension. It has been demonstrated that
these contaminants with dsRNA structures can lead to undesired immunostimulatory activity
through interaction with varicus innate immune sensors in eukaryotic cells that function to
recognize spectfic nucleic acid structures and induce potent immune responses. This in turg,
can dramatically reduce mRINA translation since protein synthesis is reduced during the innate
cellular immune response. Therefore, additional techniques to remove these dsRNA
contaminants have been developed and are known in the art including but not imuted to
scaleable HPLC purification (see, e.g., Kariko, K, Muramatsu, H., Ludwig, J. And Weissman,
D, 2011, Generating the optimal mRNA for therapy: HPLC purification eliminates immune
activation and improves translation of nucleoside-modified, protein-encoding mRNA, Nucl
Acid Res, v. 39 el42; Weissman, D, Pardi, N., Muramatsu, H., and Kariko, K., HPLC
Purification of in vitro transcribed long RNA in Synthetic Messenger RNA and Cell
Metabolism Modulation in Methods in Molecular Biology v.969 (Rabinovich, P.H. Ed}, 2013,
which are incorporated herein by reference in their entirety). HPLC puritied mRINA has been
reported to be translated at much greater levels, particularly in primary cells and 0 vivo,

A significant variety of modifications have been described in the art which are used to alter
specific properties of in vitro transcribed mRNA, and may improve its utility. These include,
but are not limited to modifications to the 5" and 3' termini of the mRNA. Endogenous
eukaryotic mRNA typically contain a cap structure on the 5'-end of a mature molecule which
plays an important role in mediating binding of the mRNA Cap Binding Protein (CBP}, which
is in turn respounsible for enhancing mRNA stability in the cell and efficiency of mRNA
translation. Therefore, highest levels of protein expression are achieved with capped mRNA
transcripts. The 5 '-cap contains a 5 '-5 '-triphosphate linkage between the 5 -most nucleotide
and guanine nucleotide. The conjugated guanine nucleotide 1s methylated at the N7 position.
Additional modifications include methylation of the ultimate and penultimate most S '-
nucleotides on the 2'-hydroxyl group.

Multiple distinct cap structures can be used to generate the 5 '-cap of in vitro transcribed
synthetic mRNA. 5 '-capping of synthetic mRNA can be performed co-transcriptionally with
chemical cap analogs (i.e., capping during in vitro transcription). For example, the Anti -
Reverse Cap Analog (ARC A) cap contains a 5 '-5 '“triphosphate guanine-guanine linkage
where one guanine contains an N7 methyl group as well as a 3'-0-methyl group. However, up
to 20% of transcripts remain uncapped during this co-transcriptional process and the synthetic
cap analog is not identical to the 5 '-cap structure of an authentic cellular mRNA, potentially
reducing translatability and cellular stability. Alternatively, synthetic mRNA molecules may
also be enzymatically capped post-transcriptionally. These may generate a more authentic 5 -
cap structure that more closely mimics, either structurally or functionally, the endogenous 5 '~
cap which have enhanced binding of cap binding proteins, increased half-life and reduced
susceptibility to 5' endonucleases and/or reduced 5' decapping. Numercus synthetic S'-cap
analogs have been developed and are known 1n the art to enhance mRNA stability and
translatability (see, e g, Grudzien-Nogalska, E. Kowalska J, Su, W, Kuhn, AN,
Slepenkov, 8.V, Darynkiewicz, E., Sahin, U, Jemielity, J., and Rhoads, R E., Synthetic
mRNAs with superior translation and stability properties in Synthetic Messenger RNA and
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Cell Metabolism Modulation in Methods in Molecular Biology v.969 (Rabinovich, P.H. Ed),
2013, which are incorporated herein by reference in their entirety).

On the 3 -terminus, a long chain of adenine nuclectides (poly-A tail) is normally added to
mRNA molecules during RNA processing. Immediately after transcription, the 3' end of the
transcript is cleaved to free a 3' hydroxyl to which poly-A polymerase adds a chain of adenine
nucleotides to the RNA in a process called polyadenylation. The poly-A tail has been
extensively shown to enhance both translational efficiency and stability of mRNA (see
Bernstein, P. and Ross, 1., 1989, Poly (A), poly {A) binding protein and the regulation of
mRNA stability, Trends Bio Sci v. 14 373-377; Guhaniyogi, J. And Brewer, G, 2001,
Regulation of mRNA stability in mammalian cells, Gene, v. 265, 11-23; Dreytus, M. And
Regnier, P, 2002, The poly (A) tail of mRNAs: Bodyguard in eukaryotes, scavenger in
bacteria, Cell, v. 11, 611-613, which are incorporated herein by reference in their entirety).

Poly (A} tailing of in vitro transcribed mRNA can be achieved using various approaches
including, but not limited to, cloning of a poly (T) tract into the DNA template or by post-
transcriptional addition using Poly (A) polymerase. The first case allows in vitro transcription
of mRINA with poly (A) tails of defined length, depending on the size of the poly (T) tract, but
requires additional manipulation of the template. The latter case involves the enzymatic
addition of a poly (A} tail to in vitro transcribed mRNA using poly (A) polymerase which
catalyzes the incorporation of adenine residues onto the 3 'termini of RNA, requiring no
additional manipulation of the DNA ternplate, but results in mRNA with poly(A) tails of
heterogeneous length. 5'-capping and 3 -poly (A) tailing can be performed using a variety of
commercially available kits including, but not limited to Poly (A) Polymerase Tailing kit
(EpiCenter), mMESSAGE mMACHINE T7 Ulira kit and Poly (A) Tailing kit (Life
Technologies) as well as with commercially available reagents, various ARCA caps, Poly (A)
polymerase, etc.

In addition to 5' cap and 3' poly adenylation, other modifications of the in vitro transcripts
have been reported to provide benefits as related to efficiency of translation and stability. It is
well known in the art that pathogenic DNA and RNA can be recognized by a variety of
sensors within eukaryotes and trigger potent innate immune responses. The ability to
discriminate between pathogenic and selt DNA and RNA has been shown to be based, at least
in part, on structure and nuciecside modifications since most nucleic acids from natural
sources contain modified nucleosides. To contrast, in vitro synthesized RNA lacks these
modifications, thus rendering it immunostimulatory which in turn can inhibit effective mRNA
transiation as outlined above. The introduction of modified nucleosides into in vitro
transcribed mRNA can be used to prevent recognition and activation of RNA sensors, thus
mitigating this undesired immunostimulatory activity and enhancing translation capacity (see,
e.g., Kariko, K. And Weissman, D. 2007, Naturally occurring nucleoside modifications
suppress the immunostimulatory activity of RNA: implication for therapeutic RNA
development, Curr Opin Drug Discov Devel, v.10 523-532; Pardi, N, Muramatsy, H,,
Weissman, D, Karko, K., In vitro transcription of long RNA containing modified
nucleosides in Synthetic Messenger RNA and Cell Metabolism Modulation in Methods in
Molecular Biology v.969 (Rabinovich, P.H. Ed}, 2013; Kariko, K., Muramatsu, H., Welsh,

F A, Ludwig, ., Kato, H, Alara, S, Weissman, D, 2008, Incorporation of Pseudouridine
Imto mRNA Yields Superior Nonimmunogenic Vector With Increased Translational Capacity
and Biological Stability, Mol Ther v. 16, 1833-1840). The modified mucleosides and
nucleotides used in the synthesis of modified RNAs can be prepared monitored and utilized
using general methods and procedures known in the art. A large variety of nucleogside
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modifications are available that may be incorporated alone or in combination with other
modified nucleosides to some extent into the in vitro transcribed mRNA (see, e.g., US
2012/0251618, which is incorporated herein by reference in its entirety). In vitro synthesis of
nucieoside-modified mRNA has been reported to have reduced ability to activate immune
sensors with a concomitant enhanced translational capacity.

Other components of mRNA which can be moditied to provide benefit in terms of
transiatability and stability include the 5' and 3' untransiated regions (UTR). Optimization of
the UTRs (favorable 5" and 3' UTRs can be obtained from cellular or viral RNAs), etther both
or independently, have been shown to increase mRNA stability and translational efficiency of
in vitro transcribed mRNA (see, e g, Pardi, N, Muramatsu, H., Weissman, D, Kariko, K., In
vitro transcription of long RNA containing modified nucleosides 1o Synthetic Messenger
RNA and Cell Metabolism Modulation in Methods in Molecular Biology v.969 (Rabinovich,
P H. Ed)}, 2013, which are incorporated herein by reference in their entirety).

in addition to mRNA, other nucleic acid payloads may be used for this disclosure. For
oligonucleoctides, methods of preparation include but are not limited to chemical synthesis and
enzymatic, chemical cleavage of a longer precursor, in vitro transcription as described above,
etc. Methods of synthesizing DNA and RNA nucleotides are widely used and well known in
the art (see, e.g., Gait, M. J. (ed.} Oligonucleotide synthesis: a practical approach, Oxford
[Oxtordshire}, Washington, D.C.; IRL Press, 1984; and Herdewijn, P. (ed.) Oligonucleotide
synthesis: methods and applications, Methods in Molecular Biology, v. 288 (Clifton, N.J.)
Totowa, N J.:Humana Press, 2005; both of which are incorporated herein by reference).

For plasmid DNA, preparation for use with embodiments of this disclosure commonly
utilizes, but is not limited to, expansion and isolation of the plasmid DNA in vitro in a liguid
culture of bacteria containing the plasmid of interest. The presence of a gene in the plasmid of
interest that encodes resistance to a particular antibiotic (penicillin, kanamyc¢in, etc.) allows
those bacteria containing the plasmid of interest to selectively grow in antibiotic-containing
cultures. Methods of 1solating plasroid DNA are widely used and well known in the art (see,
e.g., Heilig, J., Elbing, K. L. and Brent, R, (2001}, Large-Scale Preparation of Plasmid DNA|
Current Protocols in Molecular Biology, 41 :11: 1.7: 1.7.1-1.7.16; Rozkov, A, Larsson, B,
Gillstrom, S, Bjornestedt, R. and Schmidt, S, R, (2008), Large-scale production of
endotoxin-free plasmids for transient expression in mammalian cell culture, Biotechnol.
Bioeng., 99: 557-566; and US 6,197,553 B, which are incorporated herein by reference in
their entirety ). Plasmid isolation can be performed using a variety of commercially available
kits including, but not limited to Plasmid Plus (Qiagen), GenlET plasmid MaxiPrep (Thermo)
and Pure Yield MaxiPrep (Promega) kits as well as with commercially available reagents.

The amount of a therapeutic and/or prophylactic in the lipid nanoparticle composition may
depend on the size, composition, desired target and/or applicanion, or other properties of the
LNFP composition as well as on the properties of the therapeutic and/or prophylactic agent. For
exarople, the amount of an RNA usefil 10 a LNP composition may depend ou the size,
sequence, and other characteristics of the RNA. The relative amounts of & therapeutic and/or
prophylactic agent and other slements (e g, lipidsy in a LNP composition may also vary. In
some embodunents, the wi/wt ratio of the lipid component to a therapeutic and/or
prophylactic agent in a LMNP composition may be from about 5: 1 to about 60:1, such as & 1,
e T SRR DR SO TUR® T WA U3 T O N S D0 S U S DA < S S B 00 U £6 50 U A A DU 5 SR A0 T4 4 1 ACSE B 130 TN
35:1,40:1, 451, 50:1, and 60:1. For example, the wt/wt ratio of the lipid component to a

66



WO 2023/091490 PCT/US2022/050111

therapeutic and/or prophylactic agent may be from about 10°1 to about 4001, In certain
embodiments, the wt/wt ratio is about 20; 1

fn some embodiments, the pid nanoparticle composition includes one or more RNAs, and the
one or morg RINAs, hipids, and amounts thereof may be selected to provide a specific NP
ratio. The NP ratio of the LNP composition refers to the molar ratio of nitrogen atoms in oue
or more lipids to the vursber of phosphate groups in an RNA L In general, alower PP ratio s
preferred. The one or more RNA lipids, and amounts thereof may be selected to provide an
NP oratic from about 271 toabout 300 suchas 2.1, 3.1, 41, S8 &1, 701, &1, 901, 1001, 1208,
P4:1) 1601, 181, 2001, 2201, 2401, 2601, 2811, or 301, In certain ernbodiments, the PUP rano
may be from about 211 1o about 8.1 In other embodiments, the NP ratio is from about 511 o
about 8:1. For example, the N:P ratio woay be about 5.0:1, about 3 51, about 5.67:1, about
601, about 6.5:1, or about 7.0:1. For examiple, the MO ratio may be sbout 5.67:1

PRODUCTION OF LIPID NANOPARTICLE COMPOSITIONS

Iy some embodiments, the Hipid nanoparticle composition may be prepared by first combining
the ionizable lipid compounds described herein with or without g helper lipid and/or other
Hpid components {e.g., a phospholipid {e g, DOPE or DRPC), a PEG Hipd (eg, 1,2-
dimyristoyi-sn-glyeerol methoxypolyethylene glveol, also known as PEG-DMG), a structural
tipid {e.g, cholesterol)) in a buffer solution and then forming the hipid nanoparticle, e.g., via
nanoprecipitation.

In some embodiments, the lipid nanoparticle composition may be made according to methods
described e.g., in WO 2020/160397 which s incorporated berein by reference in its entivety.

{HARACTERIZATION OF NANGPARTICLE COMPQSITIONS

The characteristics of the liptd nanoparticle composition mway depend on the components
thereof. For example, a liptd nanoparticle including cholestero as a structural Liptd may have
different charactenistics than a hipid navoparticle that includes a ditferent structural hipd,
Stmilarly, the characteristics of a Hipid nanoparticle may depend on the absolute or relative
amounis of tis componenis. Fornstance, 3 lipid nasoparticle inchuding a higher molar fraction
of & phospholipid may have different characteristics than g hipid nanoparticle including a
tower molar fraction of a phospheliptd. Characteristics may also vary depending on the
method and conditions of preparation of the nanoparticle composition

The lipid nanoparticies may be characterized by a variety of methods, For example,
sucroscopy {(e.g, ransmission election microscopy or scanmuog electron microscopy ) may be
used to examing the morphology and size distribution of a nanoparticlie composition. Dynaniic
tight scatiering or potentiometry (e.g., potentiometric Htrations) may be used to measure zeta
potentials, Dynamic light scattering may also be utilized 1o deternune particle sizes.
Instruments such as the fetasizer Nano 25 (2.2, by Malvern Instruments Lid, Malvern,
Worcestershire, UK} moay aiso be used o measure multiple characteristios of a nanoparticle
composition, such as particle size, polydispersity index, and zets potential.

fn some embodiments, the particle size, the polvdispersity index (PDI) avd the zeta potential
of the lipid nanoparticle compositions may be determined by a reta potential analyzer. An
exemplary zeta potential analyzer s a Zetasizer Nano 28 (e g, by Malvers Instruments Lid,
Malvern, Worcestershire, UK). The lipid nanoparticle composition can be dispersed a buffer
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sobution for such determination, e.g., 1n 1 PBS for determining particle size and 15 mM PBS
for determining zeta potential

fn some embodiments, the mean diameter of the hipid nanoparticle composition {e.g, an
empty LINF or & therapeutic agent-loaded LNP) 15 between 10z of nm and 100s of om as
measured by dynamic light scattering {BLS}. In some embodiments, the mean diameter of the
LMP composition i3 from about 40 wun to about 1530 nm. Tn some embodiments, the roean
diameter of the LNP compaosition is about 40 nm, 45 nm, 50 nm, 55 am, 60 nm, 65 am, 70
nm, 75 nm, 30 oay, 35 am, 90 am, 95 omy, 100 ooy, 105 omy, 110 om, 1S omy, 120 om, 125 om,
P3G mm, 135 nm, 140 mom, 145 nm, or 150 . In some embodiments, the mean diameter of
the LNF composition is from about 50 nm to about 100 nm, from about 50 any to about 8¢
nm, from about 530 nm o about 30 nm, from about SO nro o about 70 oy, from about 50 nm
0y about 60 nm, from about 60 nm to sbowt 100 nm, from about 60 nm to about 90 mm, from
atrout 00 nm 1o about 80 nm, from about 60 nm 10 about 70 om, from about 70 om0 about
FSC nrn, from about 70 nim 10 about 130 nm, from about 70 nm to gbout 100 om, from about
70 nim 1o about 90 nm, from about 70 nm 1o about 80 nm, from about 80 nm to about 150 nm,
from about 80 nm 10 sbouwd 130 nmy, from about 80 nm fo about 100 nm, from about 80 nm to
about 90 nm, from about 90 nm to about 150 nmy, from about 90 nm to about 130 om, or from
about 20 nm to about 100 nm. In certain embodiments, the mean diameter of the LMNP
composition 18 from about 70 nm to about 130 nm or from about 70 wn 1o about 100 . In
some embodiments, the mean diameter of the LINE composition 13 about 80 nim. In some
emsbodiments, the mean diameter of the LNP composition ts about 100 nm. In some
embodiments, the mean dlameter of the LNP composition is about 110 o, Insome
embodiments, the mean diameter of the LNP composition is about 120 nm.

i some embodiments, the polydispersity index ("PDT”) of a plurality of the lipid
nanoparticles {e.g., empty LINPs or a therapeutic agent-icaded LINPs} formuiated with the
ionizable Hpid compounds of the disclosure 15 fess than 0.3, In some embodiments, plurality
of the lipid nanoparticles formulated with the 1omizable lipid compounds of the disclosure has
a P of from about & to about 025 In some embodiments, plurality of the lipid nanoparticles
formulated with the tonizable hipd compounds of the disclosure has a PDY of from about 010
to about 0.20.

Surface hvdrophobicity of lipid nanoparticles can be measured by Generalized Polarization by
Laurdan {GPL}. In this method, Laurdan, a flucrescent aminonaphithalene ketone lipid, is
posi-inserted wnto the nanopariicle surface and the fluorescence spectram of Laurdan 1
coliected to determine the normalized Generalized Polarization (N-GP}. In some
embodiments, the have a surface hydrophobicity expressed as N-GP of between about .5
and about 1.5, For example, 1o some embodiments, the hipd nanoparticles formulated with the
ipnizable lipid compounds of the disclosure have a surface hydrophobicity expressed as N-GP
of about 0.5, about 0.6, about 0.7, about 08, about $.9, about 1.0, about 1.1, about 1.2, about
1.3, about 1 4, or about 1.5, In some embodiments, the hipid nanoparticles formulated with the
sonizable lipid compounds of the disclosurs have a surface bydrophobicity expressed as N-GP
of about 1.0 or about 1.1,

The zeta potential of a Hipid nanoparticle may be used to indicate the electrokivetic potential
of the composition. For example, the zeta potential wmay descoribe the surface charge of s ipid
nanoparticle composition. Lipid nanoparticies with relatively low charges, positive or
negative, are generally desirable, as more highly charged species may interact undesirably
with cells, tissues, and other elements in the body. In some embodiments, the zeta potential of
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the lipid nanopartictes may be from about ~10 mV to about +20 mV, from about -10mV 1o
about +15 mV, from gbout - 10 mV to about +10 'V, from about - 10 mV 10 about +3 mV,
from about - 10 mV to about O mV, from about -10 mV 1o about -5 mV, from about -5 mV o
about 20 mV, from about -3 1oV 1o about +15 mV, from about -5 mV o about +10 mVY, from
about -5 'V 1o about +3 mV, from gbout -5 mV 1o about O mVY, from ghout O mV 1o about
+20 mY, from about O mY o about +13 mVY, from about O mV to about +10 mV, from about
8 mV 1o about +5 mV, from about +3 oV to about +20 1wV, fromw about +3 mV 1o about +13
mV, or trom about 5 mV to about +10 mY,

The concentration of a therapeutic and/or prophyvlactic {e.g, RNA) in the liptd nanoparticie
compaosition may be determined by an uliraviolet-visible spectroscopy. The lipid nanoparticle
composition can be dispersed 1o a butter solution and a solvent for such determination, e.g.,
100 uk of the diluted formulation in 14PBS may be added to 900 ul of a 4:1 {v/v) nuxuure of
methanol and chloroform. After mixing, the absorbance spectrum of the solution may be
recorded, for example, between 230 nim and 330 nm on a DU 800 spectrophotometer (e g, by
Beckman Coulter, Beckman Coulter, Inc., Brea, CA) The concentration of the therapsutic
and/or prophyiactic agent tn the nanoparticle composition can be caloulated based on the
extinction coetticient of the therapeutic and/or prophylactic agent used in the composition and
on the difference between the absorbance at a wavelength of,| for example, 260 nm and the
baseline value at a wavelength of) for example, 330 nm.

The efficiency of the encapsulation of a therapeutic and/or prophylactic agent in a lipid
nanopariicle composition describes the amount of the therapeutic and/or prophvlaciic agent
that is encapsulated or otherwise associated with the lipid nanoparticles after preparation,
relative to the inttial amount provided  The encapsulation efficiency is desired to be high
{e.g, close 1o 10056}, The encapsulation efficiency may be measured, for example, by
comparing the amount of the therapeutic and/or prophylactic agent in a selution containing a
inaded ENP before and after breaking up the loaded LNP with one or more orgaic solvents
or detergents. Fluorescence may be used to measure the amount of free therapeutic and/or
prophylactic {e.g., RNA}Y in a solution,

For instance, the encapsulation efficiency may be evaluated using an assay known o one
skilled in the art. In one embodiment, g QUANT-IT™M RIBOGREEN® RNA assay {e.g, by
Invitrogen Corporation Carlsbad, CA) may be used. In one embodiment, the samples may be
HOL M EDTA, pH 7.5 50 ul of the diluted samples may be transferred to a polystyrens
S well plate and either 50 pl of TE buffer or 50 pill of a 2% Truon X-100 solution may be
added to the wells. The plate may be incubated at 3 temperature of 37° € for 15 minutes. The
RIBOGREEN® reagent mayv be diluted 1:100 16 TE buffer, and 100 pl of this solution may
be added to each well. The flucrescence intensity can be measured using a flucrescence piats
reader {e.g., by Wallac Victor 1420 Muluifablel Counter; Perkin Ehmer, Waltham, MA) at an
excitation wavelength of, for example, about 480 nm and an emission wavelength of, for
exampieg, about 520 nm. The fluorescence values of the reagent blank may be subtracted from
that of each of the samples and the percentage of free RNA may be determined by dividing
the fluorescence intensity of the intact sample (without addition of Triton X-1003 by the
Hluoreacence value of the disrupted sample {caused by the addition of Triton X104},

i some embodiments, for the loaded LNPs formulated with the 1onizable lipid compounds of
the disclosure, the encapsulation efficiency of a therapentic and/or prophylactic agent is at

least 50%, for example 50%, $5%., 60%, 65%, 70%, 75%, 80%. $5%, 00%, 91%4, 02%, 93%,
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94%0, 95%, 96%, 97%, 98%, 99%, or 180%. In some embodinments, the encapsulation
efficiency s at least 80%. In some embodiments, the encapsulation etficiency 1s at least 90%.
In some embodiments, the encapsulation efficiency of the therapeutic and/or prophviactic
agent 18 between 80% and 100%.

ADDITIONAL EXEMPLARY LNP FORMULATIONS

The liptd nanoparticies may include a lipid component and one or more additional
components, such as a therapeutic and/or prophyiactic agent. A lipid nanoparticle composition
may be designed for one or more specific applications or targets. The elements of g lipid
nanaparticle may be selected based on a particular application or target, and/or based on the
efficacy, toxicity, expense, ease of use, availability, or other feature of one or more clemoents,
Similarly, the particular formulation of g lipid nanoparticle composition may be selected for a
particular application or target according to, for example, the efficacy and toxicity of
particular combinations of elements,

In some embodiments, the hipid components of the lipid nanoparticle composition include one
or more ionizable lipid compounds desceribed herein, a phospholipid (such as an unsaturated
ipid, e.g., DOPE or DSPCY, a PEGHipid, and a structural lipd.

I some embodiments, the imd components of the hipid nanoparticle composition include one
or more ionizable lipid compounds described hergin, a phospholipid, a PEG-hipid, and a
structural ipd.

In some embodiments, the LNP composifion comprises one or more tonizable Hipid
compounds described herein, a phospholipid, a structural lipid, a PEG-Hpid, and one or more
therapeutic and/or prophylactic agents.

In some embodiments, the LNP composition comprises one of more ionizable lipid
compounds deseribed berein, in an amount from about 40% to about 60%.

i some embodiments, the LNP composition comprises the phospholipid in an amount from
about 0% to about Z0%. For example, in some embodinents, the LNP composiiion comprises
DSPC in an amount from about 0% to sbout 20%.

fn some embodiments, the LNP composition comprises the structural Bpid i1y an amount from
about 30%% to about 50%. For example, in some embodiments, the NP composition
comprises cholesterol in an amount from about 30% to about 30%.

In some embodiments, the LNF composition comprises the PEG-lipid in an amount from
abrout 0% 1o about 5%, For example, in some embodiments, the LMNP composition comprises
PEG-1 or PEGu-DMG in an amount trom about 0% to about 3%.

In some embodimenis, the pid coroponents of the nanoparticle composition include about 30
mol%% to about 60 mol®s one or more onizable hipid compounds described herein, about O
mot%%6 1o about 30 mol%e phospholipid, about 185 mol% to about 43,5 mol% structural bipid,
and about 0 mols 1o about 10 mol% of PEG-lpid, provided that the total yuol®% does not
excesd 100%. In some embodiments, the lipid components of the nanoparticle composition
include about 35 mol 10 about 55 mol®6 one or more ionizable Hipid compounds described
herein, about 5 mol% to about 25 mold% phospholipid, about 30 mai% to about 40 mol%
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struciural lipid, and about 8 wol% to about 10 moi of PEG-himd. In one embodiment, the
iipid components include about 50 mol% one or more wonizable lipid compounds described
herein, about 10 mni®s phospholipid, about 38.5 mol% structural lipid, and about 1.5 mol% of
PEG-lipid. In one erbodiment, the lipid components include about 40 mol% one or more
ionizable pd compounds deseribed herein, about 20 mol% phospholipid, about 38.5 mol%%
struciural lipid, and about 1.5 mol¥ of PEG-lpid. In some embodiments, the phospholipid
may be DOPE or DSPC o some embodiments, the PEG-hipid roay be PEG-1 or PEGy-
DMG, and/or the structural lipid may be cholesterol,

i some embodiments, the LNP composition comprises about 40 molS to about 60 mol®s of
one or more ionizable lipid compounds deseribed herein, about & moi% to about 20 mal¥%
phospholipid, about 30 mol% to about 50 mol¥s stractural hpd, and about 0 mol 1o about §
mol%% PEG-hipid. In some embodiments, the LMP composifion comprises comprises about 40
moi% 1o about 60 moi% of one or more ionizable lipid compounds described berein, about §
moi% 1o about 20 moi% DSPC, about 30 mol®s to about 50 mol®s cholesierol, and about §
mol% 1o about 5 mol% PEG-1 or PEGu-DMG

The lipid nanoparticies may be desigoned for one or more specific applications or targets. For
example, a nanoparticle composition may be designed to deliver a therapeutic and/or
prophylactic such as an RMA to a particular cell, fissue, organ, or systers or group thereof'in a
rnammal’s body. Physiochemical properties of the lipid nanoparticles may be altered in order
o increase selectivity for particular bodily targeis. For instance, particle sizes may be adjusted
based on the fenestration sizes of different organs. The therapentic and/or prophylactic agent
included in a LINP composition may also be selected based on the desired delivery targst or
targets. For example, a therapeutic and/or prophyiactic agent may be selected for a partienlar
indication, condition, disease, or disorder and/or for delivery to a particular cell, tissue, organ,
of system or group thereof {e.g., localized or specific delivery}. In certain embodiments, a
Hpid nanoparticle composition may inchude an roRMA encoding a polypeptide of inferest
capable of being translated within a cell to produce the pelypeptide of interest. Such a
composition may be designed to be apecifiesily delivered 10 a particular organ. o soms
embodiments, a composition may be designed to be specifically delivered to a wammalhan
fiver.

IN VIV FORMULATION STUBIES

To monitor the effectiveness of the hipid nanoparticle compositions debiver therapeutic and/or
prophyigctios to targeted cells, different nanoparticle compositions including a particular
therapeutic and/or prophylactic (for example, a modified or naturally occurring RMNA such as
an mwRMNA may be prepared and admimstered to animal populations. Aniroals {e.g., mice,
rats, or non-human primates) may be intravencusly, intramuscularly, intraarterially, or
wntratumorally administered a single dose including the LNP composition described berein
and an mBNA expressing a protein, ¢.g, human erythropoietin (hEPQ) or luciferase. A
control composition including PBX may also be employed.

Upon administration of the LMNP composiiions to an animal, dose delivery profiles, dose
reaponses, and toxicity of particular formulations and doses thereof can be measured by
enzyme-hnked prununosorbent assays (ELISA), bioluminescent imaging, or other methaods,

For the LINP compeositions including mRINA, time courses of protein expression can alse be
evaluated. Samples collected from the animals for evaluation may include blood, sera, and
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tssue {for example, muscle tissue from the site of an intramuscular injection and toternal
tissue), sample collection may involve sacrifice of the animals.

I some embodiments, hEPO concentrations may be defermined using an enzyme- linked
foctin assay (ELLAY Simple Plex Assay (ProteinSimiple) with @ Human Erythroprotein
cartridge. Standards for this assay may be calibrated according to the 2. IRP WHO
preparafion.

The LNP compositions including mRNA are usetul in the evaluation of the efficacy and
usefulness of various formulations tor the delivery of therapeutic and/or prophviactics. Higher
ievels of protein expression induced by administration of 3 composition including an mRNA
will be indicative of hugher mRNA translation and/or vanoparticle corposition mRNA
delivery efficiencies. As the non-RNA components are not thought o atfect transiational
machineries themselves, a higher level of protetn expression is hikely indicative of a higher
etficiency of dehivery of the therapeutic and/or prophylactic by 2 given nanoparticle
compaosition relative to other nanoparticle compositions of the absence thereof.

In some embodiments, an i vivo eXprossion assay may be used to assess potency of
expression of the ionizable lipids of the disclosure.

I some embodiments, protein expression {e.g., hEPO) may be measured in mice following
administration of the ivaded LNP composition. In some emboduments, the concentration of
HEPO 1o serum maay be tested after adrmnistration {e g, about six hours after injection).

In some embodiments, the LNP composifion may be intravencusly adminisiered to mice {e g,
CD-1 nucel.

In some embodimenis, residual tevels of the hipds 1 organs or tissue of the subject after
adnirnistration {e.g, 6h, 12k, 18h, 24k, 36h, or 48 h atter administration) may be measured. In
some embodiments, the restdual levels of the lipids of the disclosure in the liver may be
measured.

In some embodimenis, an in viro expression assay may bre nsed to asaess the lipids and LNP
COMPOSoNn.

fn some embodiments, cells (e.g, Hela) moay be plated iy an imaging plate (e.g, poly-B3-
tysene cogted) and cultured tn serum {e.g., human seram, mouse serum, cynomolgus monkey
serum or fetal bovine serum).

In some embodiments, the LN composition comprising an mRNA expressing fluorescent
protetn {e.g., green Hluorescent protein (FP Y} and a fluorescent hipd {e.g, rhodamine-DOPE)}
may be added to the plate and the plate imaged for uptake and expression. In some
embodiments, expression may be evaiuated by measuring fluorescence {e.g , from GFPY In
some ernbodiroents, uptake (accumulation) may be evaluated by measuring the Huorescence
signal from a fluorescent lipid (e.g., rhodamine-DOPE).

Methods for using the LNP Composition

In some embodiments, provided herein is a method of delivering a therapeutic agent (i.e.,
cargo) to at least one organ chosen from the pancreas, one or both lungs, and the spleen of a
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subject in need thereof comprising administering to said subject a lipid nanoparticle
composition comprising one or more ionizable lipid compounds disclosed herein (e.g.,
compounds of Formula (I)-(VII)) with a minimum amount delivered elsewhere in body, such
as in the liver, of the subject.

In some embodiments, the method delivers a therapeutic agent (i.e., cargo) to the pancreas
and/or one or both lungs a subject in need thereof with a minimum amount delivered
elsewhere in body, such as in the liver, of the subject.

In some embodiments, less than 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%
or 1% of the total therapeutic cargo administered to the subject is delivered to the liver of the
subject. In some embodiments, less than 6%, 7%, 8%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19%, or 20% of the total therapeutic cargo administered to the subject is
delivered to the liver of the subject.

In some embodiments, more than 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%,
50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, or 10% of the total therapeutic cargo
administered to the subject is delivered to the pancreas and/or one or both lungs of the subject.
In some embodiments, more than 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%,
50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, or 10% of the total therapeutic cargo
administered to the subject is delivered to the pancreas of the subject. In some embodiments,
more than 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%,
30%, 25%, 20%, 15%, or 10% of the total therapeutic cargo administered to the subject is
delivered to the lungs of the subject.

As used herein, the percent amount of the total therapeutic cargo administered to the subject
and delivered to a location in the subject is measured by the level of protein expression, or
mRNA knockdown level.

In some embodiments, the method of delivering a therapeutic cargo disclosed above
comprises administering to a subject a lipid nanoparticle composition comprising one or more
ionizable lipid compounds disclosed herein, encapsulating the therapeutic cargo. In some
embodiments, the lipid nanoparticles in the lipid nanoparticle composition are formed from
one or more compounds chosen from the ionizable lipids of Formulas (10)-(VIIO) and
Formulas (I)-(VIID), pharmaceutically acceptable salts thereof, and stereoisomers of any of
the foregoing. In some embodiments, the lipid nanoparticles are formed from one or more
compounds chosen from the ionizable lipids of Formulas (10), (I), or (IA), pharmaceutically
acceptable salts thereof, and stereoisomers of any of the foregoing. In some embodiments, the
lipid nanoparticles are formed from one or more compounds chosen from the ionizable lipids
of Formula (I10), (ITA), (IIB), (IIC), or (IID), pharmaceutically acceptable salts thereof, and
stereoisomers of any of the foregoing. In some embodiments, the lipid nanoparticles are
formed from one or more compounds chosen from the ionizable lipids of Formula (II10),
(IITA), or (IIIB) pharmaceutically acceptable salts thereof, and stereoisomers of any of the
foregoing. In some embodiments, the lipid nanoparticles are formed from one or more
compounds chosen from the ionizable lipids of Formula (IVO), (IVA), (IVB), (IVC), or
(IVD), pharmaceutically acceptable salts thereof, and stereoisomers of any of the foregoing.
In some embodiments, the lipid nanoparticles are formed from one or more compounds
chosen from the ionizable lipids of Formula (VO), (V), (VA), or (VB), pharmaceutically
acceptable salts thereof, and stereoisomers of any of the foregoing. In some embodiments, the
lipid nanoparticles are formed from one or more compounds chosen from the ionizable lipids

73



WO 2023/091490 PCT/US2022/050111

of Formula (VIO), (VIA), or (VIB), pharmaceutically acceptable salts thereof, and
stereoisomers of any of the foregoing. In some embodiments, the lipid nanoparticles are
formed from one or more compounds chosen from the ionizable lipids of one of Formulas
(VIIO) or (VIIA)~(VIID), pharmaceutically acceptable salts thereof, and stereoisomers of any
of the foregoing.

Non-limiting exemplary embodiments of the ionizable lipids of the present disclosure, lipid
nanoparticles and compositions comprising the same, and their use to deliver agents {e.g.,
therapeutic agents, such as nucleic acids) and/or to modulate gene and/or protein expression
are described in further detail below.

In some embodiments, the ionizable lipids and lipid nanoparticle compositions disclosed
herein may be used for a variety of purposes, including delivery of encapsulated or associated
{e.g., complexed) therapeutic agents such as nucleic acids to cells, in vitro and/or in vivo.
Accordingly, in some embodiments, provided are methods of treating or preventing diseases
or disorders in a subject in need thereof comprising administering to the subject the lipid
nanoparticle composition described herein. In some embodiments, the lipid nanoparticle
encapsulates or is associated with a suitable therapeutic agent, wherein the lipid nanoparticle
comprises one or more of the novel ionizable lipids described herein, a pharmaceutically
acceptable salt thereof, and/or a stereoisomer of any of the foregoing.

In some embodiments, the lipid nanoparticles of the present disclosure are useful for delivery
of therapeutic cargo.

In some embodiments, disclosed herein are methods of inducing expression of a desired
protein in vitro and/or in vivo by contacting cells with the lipid nanoparticle composition
comprising one or more novel ionizable lipids described herein, wherein the lipid nanoparticle
encapsulates or s associated with a nucleic acid that is expressed to produce a desired protein
(e.g., a messenger RINA or plasmid encoding the desired protein) or inhibit processes that
terminate expression of mRNA (e.g., miBNA inhibitors).

In some embodiments, disclosed herein are methods of decreasing expression of target genes
and proteins in vitro and/or in vivo by countacting cells with a lipid nanoparticle comprising
one or more novel ionizable lipids described herein, wherein the lipid nanoparticle
encapsulates or is associated with a nucleic acid that reduces target gene expression {e.g., an
antisense oligonucleotide or small interfering RNA (siRNA)).

In some embodiments, disclosed herein are methods for co~-delivery of one or more nucleic
acid (e.g. mRINA and plasmid DNA). separately or in combination, such as may be useful to
provide an effect requiring colocalization of different nucleic acids (e.g. mRNA encoding for
a suitable gene modifying enzyroe and DNA segment(s) for incorporation into the host
genome).

In some embodiments, the lipid nanoparticle compositions are useful for expression of protein
encoded by mRNA. In some embodiments, provided herein are methods for expression of
protein encoded by mRNA.

In some embodiments, the lipid nanoparticles compositions are useful for upregulation of

endogenous protein expression by delivering miRNA inhibitors targeting one specific miRNA
or a group of miRNA regulating one target mRNA or several mRNA. In some embodiments,
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provided herein are methods for upregulating endogenous protein expression comprising
delivering miRNA inhibitors targeting one or more miRNA regulating one or more mRNA.

In some embodiments, the lipid nanoparticle compositions are useful for down-regulating
{e.g., silencing) the protein levels and/or mRNA levels of target genes. In some embodiments,
provided herein are methods for down-regulating (e.g., silencing) protein and/or mRNA levels
of target genes.

In some embodiments, the lipid nanoparticles are usetul for delivery of mRNA and plasmids
for expression of transgenes. In some embodiments, provided herein are methods for
delivering mRNA and plasmids for expresston of transgenes.

In some embodiments, the lipid nanoparticle compositions are useful for inducing a
pharmacological effect resulting from expression of a protein, e.g., increased production of
red blood cells through the delivery of a suitable erythropoietin mRNA, or protection against
infection through delivery of mRNA encoding for a suitable antigen or antibody. In some
embodiments, provided herein are methods for inducing a pharmacological effect resulting
from expression of a protein, e.g., increased production of red blood cells through the delivery
of a suitable erythropoietin mRNA, or protection against infection through delivery of mRNA
encoding for a suitable antigen or antibody.

In some embodiments, the disclosure relates to a method of gene editing, comprising
contacting a cell with an LNP. In some embodiments, the disclosure relates to any method of
gene editing described herein, comprising cleaving DNA.

In some embodiments, the disclosure relates to a method of cleaving DNA, comprising
contacting a cell with an LNP composition.

In some embodiments, the disclosure relates to any method of cleaving DNA described
herein, wherein the cleaving step comprises introducing a single stranded DNA nick. In some
embodiments, the disclosure relates to any method of cleaving DNA described herein,
wherein the cleaving step comprises introducing a double-stranded DNA break. In some
embodiments, the disclosure relates to any method of cleaving DNA described herein,
wherein the LNP composition comprises a Class 2 Cas mRNA and a guide RNA nucleic acid.
In some embodiments, the disclosure relates to any method of cleaving DNA described
herein, further comprising introducing at least one template nucleic acid into the cell. In some
embodiments, the disclosure relates to any method of cleaving DNA described herein,
comprising contacting the cell with an LNP composition comprising a template nucleic acid.

In some embodiments, the disclosure relates to any a method of gene editing described herein,
wherein the method comprises administering the LNP composition to an animal, for example
a human. In some embodiments, the disclosure relates to any method of gene editing
described herein, wherein the method comprises administering the LNP composition to a cell,
such as a eukaryotic cell.

In some embodiments, the disclosure relates to any method of gene editing described herein,
wherein the method comprises administering the mRNA formulated in a first LNP
composition and a second LNP composition comprising one or more of an mRNA, a gRNA, a
gRNA nucleic acid, and a template nucleic acid. In some embodiments, the disclosure relates
to any method of gene editing described herein, wherein the first and second LNP
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compositions are administered simultaneously. In some embodiments, the disclosure relates to
any method of gene editing described herein, wherein the first and second LNP compositions
are administered sequentially.

In some embodiments, the disclosure relates to any method of gene editing described herein,
wherein the method comprises administering the mRNA and the guide RNA nucleic acid
formulated in a single LNP composition.

In some embodiments, the disclosure relates to any method of gene editing described herein,
wherein the gene editing results in a gene knockout.

In some embodiments, the disclosure relates to any method of gene editing described herein,
wherein the gene editing results in a gene correction.

In some embodiments, the disclosure relates to methods for in vivo delivery of interfering
RNA to the lung of a mammalian subject.

In some embodiments, relates to methods of treating a disease or disorder in a mammalian
subject. In some embodiments, these methods comprise administering a therapeutically
effective amount of a composition of this disclosure to a subject having a disease or disorder
associated with expression or overexpression of a gene that can be reduced, decreased,
downregulated, or silenced by the composition.

The compositions of this disclosure may be administered by various routes, for example, to
effect systemic delivery via intravenous, parenteral, intraperitoneal, or topical routes. In some
embodiments, a sSiRNA may be delivered intracellularly, for example, in cells of a target tissue
such as lung or liver, or in inflamed tissues. In some embodiments, this disclosure provides a
method for delivery of siRNA in vivo. A nucleic acid-lipid composition may be administered
intravenously, subcutaneously, or intraperitoneally to a subject.

The compositions and methods of the disclosure may be administered to subjects by a variety
of mucosal administration modes, including by oral, rectal, vaginal, intranasal,
intrapulmonary, or transdermal or dermal delivery, or by topical delivery to the eyes, ears,
skin, or other mucosal surfaces. In some aspects of this disclosure, the mucosal tissue layer
includes an epithelial cell layer. The epithelial cell can be pulmonary, tracheal, bronchial,
alveolar, nasal, buccal, epidermal, or gastrointestinal. Compositions of this disclosure can be
administered using conventional actuators such as mechanical spray devices, as well as
pressurized, electrically activated, or other types of actuators.

Compositions of this disclosure may be administered in an aqueous solution as a nasal or
pulmonary spray and may be dispensed in spray form by a variety of methods known to those
skilled in the art. Pulmonary delivery of a composition of this disclosure is achieved by
administering the composition in the form of drops, particles, or spray, which can be, for
example, aerosolized, atomized, or nebulized. Particles of the composition, spray, or aerosol
can be in either a liquid or solid form. Non-limiting examples of systems for dispensing
liquids as a nasal spray are disclosed in U.S. Pat. No. 4,511,069. Such formulations may be
conveniently prepared by dissolving compositions according to the present disclosure in water
to produce an aqueous solution, and rendering said solution sterile. The formulations may be
presented in multi-dose containers, for example in the sealed dispensing system disclosed in
U.S. Pat. No. 4,511,069. Other suitable nasal spray delivery systems have been described in
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TRANSDERMAL SYSTEMIC MEDICATION, Y. W. Chien ed., Elsevier Publishers, New
York, 1985; and in U.S. Pat. No. 4,778,810. Additional aerosol delivery forms may include,
e.g. , compressed air-Jet-, ultrasonic-, and piezoelectric nebulizers, which deliver the
biologically active agent dissolved or suspended in a pharmaceutical solvent, e.g., water,
ethanol, or mixtures thereof.

Nasal and pulmonary spray solutions of the present disclosure typically comprise the drug or
drug to be delivered, optionally formulated with a surface active agent, such as a nonionic
surfactant (e.g., polysorbate-80), and one or more buffers. In some embodiments of the
present disclosure, the nasal spray solution further comprises a propellant. The pH of the nasal
spray solution may be from pH 6.8 to 7.2. The pharmaceutical solvents employed can also be
a slightly acidic aqueous buffer of pH 4-6. Other components may be added to enhance or
maintain chemical stability, including preservatives, surfactants, dispersants, or gases.

In some embodiments, this disclosure is a pharmaceutical product which includes a solution
containing a composition of this disclosure and an actuator for a pulmonary, mucosal, or
intranasal spray or aerosol.

A dosage form of the composition of this disclosure can be liquid, in the form of droplets or
an emulsion, or in the form of an aerosol.

A dosage form of the composition of this disclosure can be solid, which can be reconstituted
in a liquid prior to administration. The solid can be administered as a powder. The solid can
be in the form of a capsule, tablet, or gel.

To prepare compositions for pulmonary delivery within the present disclosure, the
biologically active agent can be combined with various pharmaceutically acceptable additives,
as well as a base or carrier for dispersion of the active agent(s).

Examples of additives include pH control agents such as arginine, sodium hydroxide, glycine,
hydrochloric acid, citric acid, and mixtures thereof. Other additives include local anesthetics
(e.g., benzyl alcohol), isotonizing agents (e.g. , sodium chloride, mannitol, sorbitol),
adsorption inhibitors (e.g., Tween 80), solubility enhancing agents (e.g. , cyclodextrins and
derivatives thereof), stabilizers (e.g., serum albumin), and reducing agents (e.g., glutathione).
When the composition for mucosal delivery is a liquid, the tonicity of the composition , as
measured with reference to the tonicity of 0.9% (w/v) physiological saline solution taken as
unity, is typically adjusted to a value at which no substantial, irreversible tissue damage will
be induced in the mucosa at the site of administration. Generally, the tonicity of the solution is
adjusted to a value of 1/3 to 3, more typically 1/2 to 2, and most often 3/4 to 1.7.

The biologically active agent may be dispersed in a base or vehicle, which may comprise a
hydrophilic compound having a capacity to disperse the active agent and any desired
additives. The base may be selected from a wide range of suitable carriers, including but not
limited to, copolymers of polycarboxylic acids or salts thereof, carboxylic anhydrides (e.g. ,
maleic anhydride) with other monomers (e.g., methyl(meth)acrylate, acrylic acid, etc.),
hydrophilic vinyl polymers such as polyvinyl acetate, polyvinyl alcohol,
polyvinylpyrrolidone, cellulose derivatives such as hydroxymethylcellulose,
hydroxypropylcellulose, etc., and natural polymers such as chitosan, collagen, sodium
alginate, gelatin, hyaluronic acid, and nontoxic metal salts thereof. Often, a biodegradable
polymer is selected as a base or carrier, for example, polylactic acid, poly(lactic acid-gly colic
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acid) copolymer, polyhydroxybutyric acid, poly(hydroxybutyric acid-gly colic acid)
copolymer, and mixtures thereof. Alternatively or additionally, synthetic fatty acid esters such
as polyglycerin fatty acid esters, sucrose fatty acid esters, etc., can be employed as carriers.
Hydrophilic polymers and other carriers can be used alone or in combination, and enhanced
structural integrity can be imparted to the carrier by partial crystallization, ionic bonding,
crosslinking, and the like. The carrier can be provided in a variety of forms, including fluid or
viscous solutions, gels, pastes, powders, microspheres, and films for direct application to the
nasal mucosa. The use of a selected carrier in this context may result in promotion of
absorption of the biologically active agent.

Compositions for mucosal, nasal, or pulmonary delivery may contain a hydrophilic low
molecular weight compound as a base or excipient. Such hydrophilic low molecular weight
compounds may provide a passage medium through which a water-soluble active agent, such
as a physiologically active peptide or protein, may diffuse through the base to the body
surface where the active agent is absorbed. The hydrophilic low molecular weight compound
may optionally absorb moisture from the mucosa or the administration atmosphere and may
dissolve the water-soluble active peptide. In some embodiments, the molecular weight of the
hydrophilic low molecular weight compound is less than or equal to 10,000, such as not more
than 3,000. Examples of hydrophilic low molecular weight compounds include polyol
compounds, such as oligo-, di- and monosaccharides including sucrose, mannitol, lactose, L-
arabinose, D-erythrose, D-ribose, D-xylose, D-mannose, D-galactose, lactulose, cellobiose,
gentibiose, glycerin, polyethylene glycol, and mixtures thereof. Further examples of
hydrophilic low molecular weight compounds include N-methylpyrrolidone, alcohols (e.g.,
oligovinyl alcohol, ethanol, ethylene glycol, propylene glycol, etc.), and mixtures thereof.

The compositions of this disclosure may alternatively contain as pharmaceutically acceptable
carriers substances as required to approximate physiological conditions, such as pH adjusting
and buffering agents, tonicity adjusting agents, and wetting agents, for example, sodium
acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride, sorbitan
monolaurate, triethanolamine oleate, and mixtures thereof. For solid compositions,
conventional nontoxic pharmaceutically acceptable carriers can be used which include, for
example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like.

In certain embodiments of the disclosure, the biologically active agent may be administered in
a time release formulation, for example in a composition which includes a slow release
polymer. The active agent can be prepared with carriers that will protect against rapid release,
for example a controlled release vehicle such as a polymer, microencapsulated delivery
system, or bioadhesive gel. Prolonged delivery of the active agent, in various compositions of
the disclosure can be brought about by including in the composition agents that delay
absorption, for example, aluminum monosterate hydrogels and gelatin.

EXAMPLES:
Example 1. Synthesis of various ionizable lipids

Synthesis of 7596
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SDA-7596

To a solution of 8-bromooctanoic acid (5.0 g, 22.41 mmol, 1 eq) in MeOH (50 mL) was added
dropwise SOCIl: (5.33 g, 44.82 mmol, 3.25 mL, 2 eq) at 0 °C, then the mixture was stirred

at 70 °C for 5 h. The mixture was concentrated under reduced pressure to get methyl 8-
bromooctanoate (4.5 g, crude) as yellow oil.

Step 2:

To a solution of BnNH; (0.78 g, 7.28 mmol, 793.49 uL, 1 eq) in DMF (10 mL) was added
K2CO5(5.03 g, 36.40 mmol, 5 eq), KI (3.02 g, 18.20 mmol, 2.5 eq) and the solution of methyl
8-bromooctanoate (3.5 g, 14.76 mmol, 2.03 eq) in DMF (4 mL), then the mixture was stirred
at 80 °C for 12 h. The mixture was filtered and the filtrate was poured into H,O and extracted
with EtOAc. The combined organic layer was washed with brine, dried over Na,SOs, filtered
and the filtrate was concentrated under reduced pressure to give a residue. The residue was
purified by silica gel chromatography to give methyl 8-[benzyl-(8-methoxy-8-oxo-
octyl)amino]-octanoate (2.6 g, 6.20 mmol, 85% yield) as yellow oil.

Step 3:

To a solution of methyl 8-[benzyl-(8-methoxy-8-oxo0-octyl)amino]octanoate (2.6 g, 6.20
mmol, 1 eq) in THF (3 mL) and MeOH (10 mL) was added a solution of NaOH (845.87 mg,
21.15 mmol, 3.41 eq) in H2O (5 mL), then the mixture was stirred at 25 °C for 12 h. The
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reaction mixture was concentrated under reduced pressure to get a residue. The residue

was added into H>O and extracted with EtOAc. The aqueous phase was adjusted to pH=6~7
with 1N HCI, then extracted with EtOAc. The organic layer was washed with brine, dried
over NaxSQy, filtered and the filtrate was concentrated under reduced pressure to give 8-
[benzyl(7-carboxyheptyl)Jamino]octanoic acid (2.0 g, 5.11 mmol, 82% yield) as colorless oil.
Step 4:

To a solution of methoxymethyl(triphenyl)phosphonium;chloride (24.16 g, 70.47 mmol, 3
eq) in THF (360 mL) was added dropwise n-BuLi (2.5 M, 26.31 mL, 2.8 eq) at 0 °C and the
mixture was stirred at 25 °C for 2 h. A solution of undecan-6-one (4.0 g, 23.49 mmol, 1 eq) in
THF (120 mL) was added into the mixture at 0 °C, then stirred at 25 °C for 12 h. The mixture
was poured into H>O at 0 °C and extracted with EtOAc. The combined organic layer was
washed with brine, dried over Na,SOy, filtered and the filtrate was concentrated under reduced
pressure to get a residue. The residue was purified by silica gel chromatography to give 6-
(methoxymethylene)undecane (18.0 g, 90.75 mmol, 77% yield) as colorless oil.

Step S:

A solution of 6-(methoxymethylene)undecane (18.0 g, 90.75 mmol, 1 eq) in THF (72 mL) and
HCI (3 M, 18.00 mL, 5.95e-1 eq) aq. was stirred at 70 °C for 12 h. The mixture was poured
into H>O at 0 °C, extracted with EtOAc. The combined organic layer was washed with brine,
dried over NaySOy, filtered and the filtrate was concentrated under reduced pressure to get a
residue. The residue was purified by silica gel chromatography to give 2-pentylheptanal (15.0
g, 81.38 mmol, 90% yield) as colorless oil.

Step 6:

To a solution of NaH (3.95 g, 98.74 mmol, 7.05 mL, 60% purity, 1.3 eq) in THF (280

mL) was added dropwise ethyl 2-diethoxyphosphorylacetate (22.14 g, 98.74 mmol, 19.59
mL, 1.3 eq) at 0 °C, the mixture was stirred at 25 °C for 0.5 h. A solution of 2-pentylheptanal
(14.0 g, 75.96 mmol, 1 eq) in THF (70 mL) was added into the mixture at O °C, then the
mixture was warmed to 25 °C and stirred at 25 °C for 2 h. The mixture was poured into H>O at
0 °C, extracted with EtOAc. The combined organic layer was washed with brine, dried over
NaxSOq, filtered and the filtrate was concentrated under reduced pressure to get a residue. The
residue was purified by silica gel chromatography to give ethyl 4-pentylnon-2-enoate (16.0 g,
62.89 mmol, 83% yield) as colorless oil.

Step 7:

A solution of Pd/C (2.5 g, 10% purity) and ethyl 4-pentylnon-2-enoate (5.0 g, 19.65 mmol, 1
eq) in EtOH (100 mL) was stirred at 25 °C for 1 h under H» (15 Psi). The mixture was filtered
and the filtrate was concentrated under reduced pressure to give ethyl 4-pentylnonanoate (15.0
g, crude) as colorless oil.

Step 8:

To a solution of LAH (1.48 g, 39.00 mmol, 7.05 mL, 2 eq) in THF (50 mL) was added a
solution of ethyl 4-pentylnonanoate (5.0 g, 19.50 mmol, 1 eq) in THF (10 mL) at 0 °C and
stirred at O °C for 1 h. The mixture was poured into H>O at 0 °C, then the mixture was filtered
and the filtrate was extracted with EtOAc. The combined organic layer was washed with
brine, dried over NaxSQy, filtered and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel chromatography to give 4-pentylnonan-1-ol (10.0 g,
46.64 mmol, 80% yield) as colorless oil.

Step 9:
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To a solution of 4-pentylnonan-1-ol (1.15 g, 5.36 mmol, 2.1 eq) and 8-[benzyl(7-
carboxyheptyl) amino]octanoic acid (1.0 g, 2.55 mmol, 1 eq) in DCM (10 mL) was added
DMAP (156.01 mg, 1.28 mmol, 0.5 eq) and EDCI (1.47 g, 7.66 mmol, 3 eq) at 0 °C, then
stirred at 25 °C for 12 h. The mixture was added into H>O and extracted with DCM. The
combined organic layer was washed with brine, dried over NaxSOQq, filtered and the filtrate
was concentrated under reduced pressure to get a residue. The residue was purified by silica
gel chromatography to give 4-pentylnonyl 8-[benzyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]
octanoate (1.5 g, 1.91 mmol, 75% yield) as colorless oil.

Step 10:

A solution of Pd/C (200 mg, 637.52 umol, 10% purity, 1 eq) and 4-pentylnonyl 8-[benzyl-[8-
ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (500 mg, 637.52 umol, 1 eq) in THF (20

mL) was stirred at 25 °C for 2 h under Hz (15 Psi). The mixture was filtered and the filtrate
was concentrated under reduced pressure to get a residue. The residue was purified by silica
gel chromatography to give 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl Jamino]
octanoate (900 mg, crude) as colorless oil.

Step 11:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (100 mg, 698.41 umol, 1 eq) in DCM (5
mL) was added (COCl)z (443.24 mg, 3.49 mmol, 305.69 pL, 5 eq) and DMF (5.10 mg, 69.84
umol, 5.37 pL, 0.1 eq), stirred at 25 °C for 2 h. The mixture was concentrated under reduced
pressure to give 3-pyrrolidin-1-ylpropanoyl chloride (112 mg, crude) as a yellow solid. The
crude was used directly.

Step 12:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (100 mg,
144.06 umol, 1 eq) in DCM (2 mL) was added TEA (43.73 mg, 432.18 umol, 60.15 pL, 3 eq)
and 3-pyrrolidin-1-ylpropanoyl chloride (114.15 mg, 576.24 pmol, 4 eq, HCI) at 0 °C, stirred
at 25 °C for 12 h. The mixture was concentrated under reduced pressure to give a residue. The
residue was purified by silica gel chromatography to give 4-pentylnonyl 8-[[8-ox0-8-(4-
pentylnonoxy)octyl]-(3-pyrrolidin-1-ylpropanoyl)amino]octanoate (87 mg, 101.94 umol, 71%
yield) as colorless oil.

TH NMR (400 MHz, CDCls), 4.03-4.07 (m, 4H), 3.15-3.40 (m, 4H), 2.85 (brs, 2H), 2.59 (brs,
6H), 2.27-2.33 (m, 4H), 1.82(s, 4H), 1.48-1.62(m, 12 H), 1.24-1.32 (m, SOH), 0.89 (t, J=6.8
Hz, 12H)

[M+H]": 819.6
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Synthesis of 7649

NHBoc
)oJ\/\/\/\/H i o
N\/\/\/\)J\ R
O 0 K,COs, K
DMF, 80 °C, 12 h
step 1
Int. 12 from SDA-7596
NHBoc
—_—
O O 25°C,1h
Int. 15 step 2

j\/\/\/\/ H) i —>aq.CHO, NoRCOs
N\/\/\/\)j\
0 0 ACOH, NaBHsCN
MeOH, 25 °C, 70 min
step 3

N ‘\_\é
5
[ad
-
=

SDA-7649
Step 1:
To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl JaminoJoctanoate (150 mg,
216.09 pmol, 1 eq) in DMF (5 mL) was added K>COs (149.33 mg, 1.08 mmol, 40.10 pL, 5
eq) and KI (71.74 mg, 432.18 umol, 2 eq), then a solution of tert-butyl N-(4-
bromobutyl)carbamate (217.94 mg, 864.35 umol, 177.19 uL, 4 eq) in DMF (2 mL) was added
into the mixture and stirred at 80 °C for 12 h. The reaction mixture was filtered and
concentrated under reduced pressure to get a residue. The residue was purified by silica gel
chromatography to give 4-pentylnonyl8-[4-(tert-butoxycarbonylamino)butyl-[8-ox0-8-(4-
pentylnonoxy)octyl Jamino]octanoate (120 mg, 138.66 umol, 64% yield) as colorless oil.
Step 2:
A solution of 4-pentylnonyl 8-[4-(tert-butoxycarbonylamino)butyl-[8-0x0-8-(4-pentylnonoxy)
octylJaminoJoctanoate (120 mg, 138.66 umol, 1 eq) in HCl/dioxane (4 M, 6.00 mL, 173.08
eq) was stirred at 25 °C for 1 h. The reaction mixture was concentrated under reduced pressure
to give 4-pentylnonyl 8-[4-aminobutyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (110
mg, crude, HCI) as a yellow solid.

Step 3:

To a solution of 4-pentylnonyl 8-[4-aminobutyl-[8-ox0-8-(4-
pentylnonoxy)octyl Jamino]octanoate (110 mg, 137.20 umol, 1 eq, HCI) and formaldehyde
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(1.30 g, 15.97 mmol, 1.19 mL, 37% purity, 116.42 eq) in MeOH (10 mL) was added NaHCOs3
(34.58 mg, 411.60 umol, 16.01 uL, 3 eq), stirred at 25 °C for 10 min, then AcOH (247.17 mg,
4.12 mmol, 235.40 uL, 30 eq) and NaBH3CN (25.87 mg, 411.60 umol, 3 eq) was added to the
mixture and stirred at 25 °C for 1 h. The reaction mixture was quenched with sat. NaHCOs3
and extracted with EtOAc. The combined organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to get a residue.
The residue was purified by silica gel chromatography to give 4-pentylnonyl 8-[4-
(dimethylamino)butyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (87 mg, 109.66
umol, 80% yield) as colorless oil.

TH NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 2.58-2.62 (m, 6H), 2.38 (t, J=6.4 Hz,
2H), 2.28-2.31 (m, 10H), 1.56-1.63 (m, 16H), 1.24-1.32 (m, S0H), 0.89 (t, J=7.2 Hz, 12H)
[M+H]": 793.6

Synthesis of 7593

\N/

0 0 O
Int. 17

OH

EDCI, DMAP, DIEA
DCM, 0-25°C, 12 h

Int. 12 from SDA-7596

SN
0 Oﬁr 0
O)J\/\/\/\/ N \/\/\/\)J\O
SDA-7593

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (160 mg,
230.49 umol, 1 eq) and 4-(dimethylamino)butanoic acid (60.47 mg, 360.72 pmol, 1.56 eq,
HCl) in DCM (2 mL) was added DMAP (28.16 mg, 230.49 umol, 1 eq), DIEA (59.58 mg,
460.99 umol, 80.30 uL, 2 eq) and EDCI (132.56 mg, 691.48 pmol, 3 eq) at 0 °C and stirred at
25 °C for 12 h. The mixture was concentrated under reduced pressure. The residue was
purified by prep-HPLC and desalted by sat. NaHCOs, extracted with EtOAc, organic layer
was washed with brine, dried over Na>SQOy, filtered and the filtrate was concentrated under
reduced pressure to give 4-pentylnonyl 8-[4-(dimethylamino) butanoyl-[8-ox0-8-(4-
pentylnonoxy)octyl Jamino]octanoate (21 mg, 26.01 umol, 11% yield) as a white solid.

TH NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 3.27 (t, J=8.0 Hz, 2H), 3.20 (t, J=7.6 Hz,
2H), 2.26-2.37 (m, 14H), 1.81-1.87 (m, 2H), 1.57-1.67 (m, 8H), 1.48-1.53 (m, 4H), 1.24-
1.31(m, 50H), 0.89 (t, J=6.8 Hz, 12H)

[M+H]": 807.6
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Synthesis of 7608

OH

0 " 0
Ao~~~ Ho 5" 2 ?
o o
Int. 18 OJI\/\/\/\/N\/\/\/\)LO
" .
DIEA, ACN
50°C, 12h

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (250 mg,
360.15 umol, 1 eq) in ACN (5 mL) was added DIEA (93.09 mg, 720.29 pmol, 125.46 uL, 2
eq) and 2-bromoethanol (90.01 mg, 720.29 umol, 51.14 pL, 2 eq). The mixture was stirred
at 50 °C for 12 hrs. The reaction mixture was poured in H>O and extracted with EtOAc. The
combined organic layers were washed with brine, dried over Na>SQq, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-
HPLC. The compound was desalted with NaHCOs saturated solution and extracted with
EtOAc. The combined organic layers was dried over Na;SOy, filtered and concentrated under
reduced pressure to give 4-pentylnonyl 8-[2-hydroxyethyl-[8-ox0-8-(4-

pentylnonoxy)octyl Jamino]octanoate (40 mg, 54.18 umol, 15% yield) as a yellow oil.

TH NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz 4H), 3.55 (t, J=4.8 Hz, 2H), 2.59 (t, J=5.2 Hz,
2H), 2.46 (t, J=7.2 Hz, 4H), 2.30 (t, J=7.6 Hz, 4H), 1.57-1.64 (m, 9H), 1.40-1.50 (m, 4H),
1.20-1.35 (m, 50H), 0.89 (t, J=6.8 Hz, 12H)

[M+H]": 738.7

Synthesis of 7675

It190

K CO3, KI, DMF
65°C, 12h
Int. 12 from SDA-7596 Int. 20

\N/

100°C, 12 h, MW, \/\;/\A /\/\(;/\/

SDA-7675

Step 1:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (500 mg,
720.29 umol, 1 eq) in DMF (5 mL) was added K>CO3; (497.76 mg, 3.60 mmol, 40.10 puL, 5
eq), KI (239.14 mg, 1.44 mmol, 2 eq) and 2-(2-bromoethyl)oxirane (435.06 mg, 2.88 mmol,
58.49 uL, 4 eq). The mixture was stirred at 65 °C for 12 h. The mixture was filtered and the
filtrate was added poured in H>O, extracted with EtOAc. The organic layer was washed with
brine, dried over NaxSQy, filtered and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel chromatography to give 4-pentylnonyl 8-[2-(oxiran-2-
yD)ethyl-[8-ox0-8-(4-pentylnonoxy)octyl] aminoJoctanoate (400 mg, 523.39 umol, 73% yield)
as colorless oil.

Step 2 :

A solution of 4-pentylnonyl 8-[2-(oxiran-2-yl)ethyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]
octanoate (200 mg, 261.69 pmol, 1 eq) in MexNH (2 M, 20.00 mL) in THF was stirred at 100
°C for 12 h under microwave. The mixture was purified by prep-HPLC to give 4-pentylnonyl
8-[[4-(dimethylamino)-3-hydroxy-butyl]-[8-0x0-8-(4- pentylnonoxy)octyl Jamino]octanoate
(52 mg, 64.25 umol, 26% yield) as yellow oil.
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'H NMR (400 MHz, CDCls), 4.06 (t, J=6.8 Hz 4H), 3.82-3.88 (m, 1H), 2.50-2.75(m, 4H),
2.20-2.45 (m, 14H), 1.55-1.68 (m, 10H), 1.43-1.52 (m, 4H), 1.20-1.35 (m, 50H), 0.89 (t, J=6.8
Hz, 12H)

[M+H]": 809.6

Synthesis of 7633

Br

¢

o]

J

NHBoc Int. 21B
O\rl/\/\/\/\ /\N\/YO KoCO3, KI

o AcOH, NaBH5CN

J/ MeOH, 25 °C, 1 h
0
H Int. 23 step 4

NH>

S
KN

I N X DMF, 80°C, 12 h
Int. 12 from SDA-7596 step 1
/\/5\/\/0\[]/\/\/\/\,\,/\/\/\/\"/0\/\/5\/\ )
o H 0 HCl/Dioxane
—_—
0 25°C,1h
J/ Int. 22 step 2
o)
N \/\/E\/\
OY\/\/\/\N/\/\/\/\H/O
0 H 0 37% CH,0, NaHCO;
—_—
o]

OYW\/\NW\/\H/O\/\/E\/\ H H

H 0 0 CBry, PPhy 0
o] Oj K,COs, DCM OJ/
j H 25°C, 70 min H
NHBoc NHBoc

Int. 21A step 3 Int. 21B

/N\

SDA-7633
Step 1:
To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl JaminoJoctanoate (300 mg,
432.18 pmol, 1 eq) in DMF (10 mL) was added K,COs (298.65 mg, 2.16 mmol, 40.10 pL, 5
eq), KI(143.48 mg, 864.35 pmol, 2 eq) and tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy]ethyl]
carbamate (674.63 mg, 2.16 mmol, 5 eq), stirred at 80 °C for 12 h. The reaction mixture was
filtered and the filtrate was quenched with water (10 mL) and extracted with dichloromethane.
The combined organic layer was washed with brine, dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to get a residue. The residue was purified by
silica gel chromatography to give 4-pentylnonyl 8-[2-[2-[2-(tert-
butoxycarbonylamino)ethoxy]ethoxy]ethyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate
(350 mg, 378.19 umol, 88% yield) as yellow oil.
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Step 2:

A solution of 4-pentylnonyl 8-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy] ethoxy]ethyl-[8-
0x0-8- (4-pentylnonoxy)octyl]amino]octanoate (300 mg, 324.17 umol, 1 eq) in HCl/dioxane
(4 M, 6.00 mL, 74.04 eq) was stirred at 25 °C for 1 h. The reaction mixture was concentrated
in vacuo to give 4-pentylnonyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-ox0-8-(4-
pentylnonoxy)octyl Jamino] octanoate (300 mg, crude, HCI) as a yellow solid.

Step 3:

To a solution of tert-butyl N-[2-[2-(2-hydroxyethoxy)ethoxy]ethyl]carbamate (2.0 g, 8.02
mmol, 1 eq) in DCM (20 mL) was added CBrs (3.46 g, 10.43 mmol, 1.3 eq) and K»COs (1.44
g, 10.43 mmol, 1.3 eq), then a solution of PPhs3 (3.37 g, 12.84 mmol, 1.6 eq) in DCM (40 mL),
stirred at 25 °C for 1 h. The reaction mixture was filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography to give tert-butyl N-[2-[2-(2-
bromoethoxy)ethoxy]ethyl]carbamate (1.2 g, 3.84 mmol, 48% yield) as colorless oil.

Step 4:

To a solution of 4-pentylnonyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-ox0-8-(4-
pentylnonoxy) octyl]amino]octanoate (300 mg, 348.11 pmol, 1 eq, HCl) and formaladehyde
(2.81 g, 34.62 mmol, 2.58 mL, 37% purity, 99.44 eq) in MeOH (5 mL) was added NaHCO3
(87.73 mg, 1.04 mmol, 40.62 pL, 3 eq), then stirred at 25 °C for 10 min, AcOH (627.14 mg,
10.44 mmol, 597.28 uL, 30 eq) and NaBH3CN (65.63 mg, 1.04 mmol, 3 eq) was added into
the mixture and stirred at 25 °C for 1 h. The reaction mixture was quenched with sat. NaHCO3
and extracted with EtOAc. The combined organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to get a residue.
The residue was purified by silica gel chromatography to give 4-pentylnonyl8-[2-[2-[2-
(dimethylamino)ethoxy]ethoxy]ethyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (104
mg, 121.87 pmol, 35% yield) as colorless oil.

'H NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz, 4H), 3.50-3.61 (m, 8H), 2.67 (t, J=3.2 Hz,
2H), 2.53 (t, J=5.6 Hz, 2H), 2.44-2.48 (m, 4H), 2.27-2.32 (m, 10H), 1.55-1.64 (m, 8H), 1.40-
1.47 (m, 4H), 1.20-1.35 (m, S0H), 0.89 (t, J=6.8 Hz, 12H)

[M+H]": 853.6
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Synthesis of 7631

NaOH, MeOH
THF, H,0
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3 70°C, 2h ) DMF, 80 °C: 12 h o) Bn 0 0~25°C, 12h

Int. 22 step 1 Int. 23 step 2 Int. 24 step 3
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o
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N

SDA-7631
Step 1 :
To a solution of 6-bromohexanoic acid (10.0 g, 51.27 mmol, 1 eq) in MeOH (200 mL) was
added SOCI; (12.20 g, 102.54 mmol, 7.44 mL, 2 eq). The mixture was stirred at 70 °C for 2
hr. The reaction mixture was diluted with H>O and washed with petroleum ether, extracted
with EtOAc. The combined EtOAc layers were dried over Na>SQs, filtered and concentrated
under reduced pressure to give methyl 6-bromohexanoate (10.0 g, 47.83 mmol, 93% yield) as
white solid.

Step 2 :

To a solution of BnNH> (1.28 g, 11.96 mmol, 1.30 mL, 1 eq) in DMF (50 mL) was added
K2COs5 (8.26 g, 59.79 mmol, 5 eq) and KI (4.96 g, 29.89 mmol, 2.5 eq), then a solution of
methyl 6-bromohexanoate (5 g, 23.91 mmol, 2 eq) in DMF (20 mL) was added to the mixture
and stirred at 80 °C for 12 hr. The reaction mixture was filtered and the filtrate was diluted
with EtOAc 200 mL and washed with water and brine. The combined organic layers was
dried with anhydrous Na,SQOys, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by silica gel chromatography to give methyl 6-[benzyl-(6-
methoxy-6-oxo-hexyl) amino]hexanoate (8.5 g, 23.38 mmol, 98% yield) as white solid.

Step 3 :

To a solution of methyl 6-[benzyl-(6-methoxy-6-oxo-hexyl)amino]hexanoate (5.0 g, 13.76
mmol, 1 eq) in MeOH (20 mL), THF (6 mL) was added NaOH (1.88 g, 46.91 mmol, 3.41 eq)
in H20O (10 mL) at 0 °C. The mixture was stirred at 25 °C for 12 hr. The reaction mixture was
diluted with H>O and extracted with EtOAc. The aqueous phase was freeze-dried after
adjusting pH=7 with 1M HCI aqueous. The crude product was triturated with EtOH at 25 °C
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for 2 hr, then filtered and the filtrate was concentrated under reduced pressure to give 6-
[benzyl(5-carboxypentyl)amino]hexanoic acid (4.5 g, 13.42 mmol, 98% yield) as white solid.

Step 4 :

A mixture of 6-[benzyl(5-carboxypentyl)amino]hexanoic acid (1.0 g, 2.98 mmol, 1 eq) in
DCM (10 mL) was added DMAP (182.10 mg, 1.49 mmol, 0.5 eq), 4-hexyldecan-1-ol (1.48 g,
6.11 mmol, 2.05 eq), EDCI (1.71 g, 8.94 mmol, 3 eq) at 0 °C and was degassed and purged
with N». The mixture was stirred at 40 °C for 8 hr under N, atmosphere. The reaction mixture
was diluted with H>O and extracted with EtOAc. The combined organic layers were dried
over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by silica gel chromatography to give 4-hexyldecyl 6-[benzyl-[6-(4-hexyldecoxy)-
6-oxo-hexyl]amino] hexanoate (0.96 g, 1.22 mmol, 41% yield) as yellow oil.

Step S :

A solution of 4-hexyldecyl 6-[benzyl-[6-(4-hexyldecoxy)-6-ox0-hexyl|amino]hexanoate (960
mg, 1.22 mmol, 1 eq) and Pd/C (0.6 g, 1.22 mmol, 10% purity, 1.00 eq) in THF (50 mL) was
stirred under Ha (30 psi) at 25 °C for 2 hours. The mixture was filtered and the solvent was
removed under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to give 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6 -oxo-hexyl]amino]hexanoate
(650 mg, 936.38 umol, 77% yield) as brown oil.

Step 6 :

To a solution of 4-(dimethylamino)butanoic acid hydrochloride (0.4 g, 2.39 mmol, 1 eq) and
oxalyl dichloride (1.77 g, 13.97 mmol, 1.22 mL, 5 eq) in DCM (5 mL) was added two drops
of DMF (20.42 mg, 279.36 umol, 21.49 uL, 0.1 eq), and stirred at 25 °C for 3 hr under N,
atmosphere. The reaction mixture was concentrated under reduced pressure to give 4-
(dimethylamino)butanoyl chloride (0.4 g, crude) as yellow oil.

Step 7 :

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl |Jamino]hexanoate (0.4 g,
576.23 pmol, 1 eq), 4-(dimethylamino)butanoyl chloride (344.86 mg, 2.30 mmol, 4 eq) in
DCM (3 mL) was added TEA (174.93 mg, 1.73 mmol, 240.61 pL, 3 eq) at 0 °C. The mixture
was stirred at 25 °C for 12 hr. The reaction mixture was diluted with H>O and extracted with
EtOAc. The combined organic layers were dried over NaxSOs, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by silica gel chromatography to
give 4-hexyldecyl 6-[4-(dimethylamino) butanoyl-[6-(4-hexyldecoxy)-6-oxo-
hexyl]amino]hexanoate (174 mg, 215.53 umol, 37% yield) as yellow oil.

'H NMR (400 MHz, CDCl), 4.01-4.07 (m, 4H), 3.20-3.31 (m, 4H), 2.28-2.35 (m, 8H), 2.24
(S, 6H), 1.80-1.84 (m, 2H), 1.57-1.70 (m, 12H), 1.24-1.34 (m, 50H), 0.89 (t, J=6.8 Hz, 12H)
[M+H]": 807.6
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Synthesis of 7651
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Step1:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl|Jamino]hexanoate (0.3 g,
432.18 pmol, 1 eq) in DMF (3 mL) was added K>COs3 (298.65 mg, 2.16 mmol, 5 eq) and KI
(143.48 mg, 864.35 umol, 2 eq), tert-butyl N-(4-bromobutyl)carbamate (435.89 mg, 1.73
mmol, 354.38 uL, 4 eq). The mixture was stirred at 80 °C for 12 hr. The reaction mixture was
diluted with H>O and extracted with EtOAc. The combined organic layers were dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by silica gel chromatography to give 4-hexyldecyl 6-[4-(tert-
butoxycarbonylamino)butyl-[6-(4-hexyldecoxy)-6-oxo-hexyl] amino]hexanoate (0.25 g,
288.88 umol, 67% yield) as yellow oil.

Step 2 :

A solution of 4-hexyldecyl 6-[4-(tert-butoxycarbonylamino)butyl-[6-(4-hexyldecoxy)-6-oxo-
hexyl] amino]hexanoate (0.2 g, 231.11 umol, 1 eq) in HCl/dioxane (4 M, 4.00 mL, 69.23 eq)
was stirred at 25 °C for 3 hours under N atmosphere. The reaction mixture was concentrated
under reduced pressure to get 4-hexyldecyl 6-[4-aminobutyl-[6-(4-hexyldecoxy)-6-oxo-hexyl]
amino]hexanoate (0.1 g, crude) as yellow oil.
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Step 3 :

To a solution of 4-hexyldecyl 6-[4-aminobutyl-[6-(4-hexyldecoxy)-6-oxo-
hexyl]aminolhexanoate (0.1 g, 130.67 umol, 1 eq), formaldehyde (1.09 g, 36.30 mmol, 1.00
mL, 277.81 eq) in MeOH (2 mL) was added NaHCOs (32.93 mg, 392.01 pmol, 15.25 uL, 3
eq) at 25 °C and stirred at 25 °C for 15 min, then AcOH (235.41 mg, 3.92 mmol, 224.20 uL,,
30 eq) and NaBH3CN (24.63 mg, 392.01 umol, 3 eq) was added to the mixture at 25 °C. The
resulting mixture was stirred at 25 °C for 3 hr. The reaction mixture was diluted with H>O and
extracted with EtOAc. The combined organic layers were dried over Na»SQa, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to give 4-hexyldecyl 6-[4-(dimethylamino)butyl-[6- (4-hexyldecoxy)-6-oxo0-
hexyl]amino]hexanoate (38 mg, 47.90 umol, 37% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 2.35-2.49 (m, 6H), 2.28-2.32 (m, 6H),
2.23 (s, 6H), 1.55-1.65(m, 8H), 1.43-1.45 (m, 8H), 1.24-1.30 (m, 50H), 0.89 (t, J=6.8 Hz,
12H)

[M+H]": 793.6

Synthesis of 7667

Int. 18
Br/\/OH _
\/\jjj\/\/o Owd)/:/\/ OEA, AON
\n/\/\/\N/\/\/\n/ 25~50°C, 12 h
o) H 0

Int. 28 from SDA-7631

\/\\:5\/\/0\([)(\/\/\ mOV\/Cii/\/

SDA-7667
To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl |Jamino]hexanoate (0.2 g,
288.12 umol, 1 eq) in ACN (3 mL) was added DIEA (74.47 mg, 576.23 umol, 100.37 uL, 2
eq), 2-bromoethanol (72.01 mg, 576.23 umol, 40.91 puL, 2 eq) at 25 °C. The mixture was
stirred at 50 °C for 12 hr. The reaction mixture was diluted with H>O and extracted with
EtOAc. The combined organic layers were dried over Na,SQs, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by silica gel chromatography to
give the compound 4-hexyldecyl6-[[6-(4- hexyldecoxy)-6-oxo-hexyl]-(2-
hydroxyethyl)amino]hexanoate (28 mg, 37.93 umol, 13% yield) as yellow oil.

'H NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz 4H), 3.54 (t, J=5.2 Hz, 2H), 2.59 (t, J=5.2 Hz,
2H), 2.47 (t, J=7.6 Hz, 4H), 2.3 (t, J=7.6 Hz, 4H), 1.66-1.70 (m, 4H), 1.55-1.57 (m, 4H), 1.43-
1.49 (m, 4H), 1.24-1.33 (m, 50H), 0.89 (t, J=6.8 Hz, 12H)

[M+H]": 738.5
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Synthesis of 7677

\/\j}\/\/wwv\i/\/ K2COs, KI, DMF \/\:ij\/v\"/\/\/\/\/\/ﬁrvv(i/\/

80°C, 12 h

Int. 28 from SDA- 7631 step 1 Int. 32

_NHMeyTHE
o
o

110 °C, 24 h, M.W.

step 2
OH
/N\

SDA-7677

Step 1:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl|Jamino]hexanoate (1 g, 1.44
mmol, 1 eq) in DMF (10 mL) was added K2CO3 (995.52 mg, 7.20 mmol, 5 eq) and KI
(478.27 mg, 2.88 mmol, 2 eq), 2-(2-bromoethyl)oxirane (870.12 mg, 5.76 mmol, 354.38 uL, 4
eq). The mixture was stirred at 80 °C for 12 hr. TLC showed 4-hexyldecyl 6-[[6-(4-
hexyldecoxy)-6-oxo-hexyl] amino]hexanoate was consumed completely and one new spot
was formed. The reaction mixture was diluted with H,O and extracted with EtOAc. The
combined organic layers were dried over NaxSQq, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by silica gel chromatography to give 4-
hexyldecyl 6-[[6-(4-hexyldecoxy)-6-ox0-hexyl]-[2-(oxiran-2-yl)ethyl] amino]hexanoate (0.5
g, 654.23 umol, 45% yield) as yellow oil.

Step 2 :

A mixture of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl]-[2-(oxiran-2-yl)ethyl Jamino]
hexanoate (0.2 g, 261.69 umol, 1 eq) in Me:NH (1 M, 261.69 pL, 1 eq) were taken up into a
microwave tube. The sealed tube was heated at 110 °C for 24 hr under microwave. TLC
showed 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl]-[2-(oxiran-2-
yl)ethyl]Jamino]hexanoate was remaining and a new spot was formed. The combined organic
phase was diluted with EtOAc and washed with water and brine, dried with anhydrous
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by prep-HPLC to give a compound 4-hexyldecyl 6-[[4-(dimethylamino)-3-hydroxy-
butyl]-[6-(4-hexyldecoxy)-6-oxo0-hexyl J]amino]hexanoate (42 mg, 51.89 umol, 20% yield) as
yellow oil.

TH NMR (400 MHz, CDCl3), 4.05 (t, J=6.8 Hz 4H), 3.65-3.88 (m, 1H), 2.25-2.61 (m, 18H),
1.52-1.70 (m, 10H), 1.42-1.50 (m, 4H), 1.20-1.35 (m, S0H), 0.89 (t, J=6.8 Hz, 12H)
[M+H]": 809.6
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Synthesis of 7632

Int. 13
o o
\ﬂ/\/\/\ﬂ/\/\/\ﬂ/ 1. Int. 13, (COCI),, DMF, DCM, 25 °C, 3 h
o 0 2. TEA, DCM, 0-25 °C, 12 h

Int. 28 from SDA-7631

SDA-7632
To a solution of 3-pyrrolidin-1-ylpropanoic acid (0.4 g, 2.79 mmol, 1 eq) and oxalyl
dichloride (1.77 g, 13.97 mmol, 1.22 mL, 5 eq) in DCM (5 mL) was added two drops of DMF
(20.42 mg, 279.36 umol, 21.49 uL, 0.1 eq). The mixture was stirred at 25 °C for 3 hr under N»
atmosphere. The reaction mixture was concentrated under reduced pressure to give compound
3-pyrrolidin-1-ylpropanoyl chloride (0.5 g, crude, HCI) as yellow oil. The crude was used
directly.
To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl |Jamino]hexanoate (0.4 g,
576.23 pmol, 1 eq), 3-pyrrolidin-1-ylpropanoyl chloride (372.54 mg, 2.30 mmol, 4 eq) in
DCM (3 mL) was added TEA (174.93 mg, 1.73 mmol, 240.61 pL, 3 eq) at 0 °C. The mixture
was stirred at 25 °C for 12 hr. The reaction mixture was diluted with H>O and extracted with
EtOAc. The combined organic layers were dried over NaxSOs, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by silica gel chromatography to
give 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6 -oxo-hexyl]-(3-pyrrolidin-1-
ylpropanoyl)amino]hexanoate (190 mg, 231.90 pmol, 40% yield) as yellow oil.
H NMR (400 MHz, CDCl3), 3.97-4.08 (m, 4H), 3.21-331 (m, 4H), 2.89 (t, J=7.6 Hz, 2H),
2.52-2.65 (m, 6H), 2.25-2.35 (m, 4H), 1.93 (brs, 4H), 1.52-1.67 (m, 12H), 1.15-1.35 (m, S0H),
0.89 (t, J=6.4 Hz, 12H)
[M+H]": 819.6
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Synthesis of 7670

NHBoc Int. 21B

K»COs, Kl
DMF, 80 °C, 12 h

step 1

R
N T o
NET L

25°C,3h

step 3

Int. 33

NHBoc

aq.CHO, NaBH3CN
O\n/\/\/\N/\/\/\“/O -
0 NaHCO3;, AcOH, MeOH

© H 25°C,3.25h
J/0 step 4

\/\jj)\/\/o\n/\/\/\,(\/\/\n/o H H

0 H 0 J/O CBry, PPhs J/O
—_—
O 0 K,CO3, DCM 0
J/ 25°C, 5h H

o} step 2
NHBoc

H NHBo

SDA-7670

I
2]

Int. 21A Int. 21B

Step1:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl |Jamino]hexanoate (1.0 g,
1.44 mmol, 1 eq) in DMF (3 mL) was added K»COs (995.52 mg, 7.20 mmol, 5 eq) and KI
(478.28 mg, 2.88 mmol, 2 eq), tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy]ethyl carbamate
(1.80 g, 5.76 mmol, 354.38 uL, 4 eq). The mixture was stirred at 80 °C for 12 hr. The reaction
mixture was diluted with H>O and extracted with EtOAc. The combined organic layers were
dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by silica gel chromatography to give 4-hexyldecyl 6-[2-[2-[2-(tert-
butoxycarbonylamino)ethoxy]ethoxy]ethyl-[6-(4- hexyldecoxy)-6-ox0-
hexyl]amino]hexanoate (0.5 g, 540.28 umol, 38% yield) as yellow oil.

Step 2 :
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To a solution of tert-butyl N-[2-[2-(2-hydroxyethoxy)ethoxy]ethyl]carbamate (1.0 g, 4.01
mmol, 1 eq) in DCM (50 mL) was added carbon tetrabromide (1.73 g, 5.21 mmol, 1.3 eq),
K2COs (720.68 mg, 5.21 mmol, 1.3 eq) and PPh;s (1.68 g, 6.42 mmol, 1.6 eq) in DCM (10
mL). The mixture was stirred at 25 °C for 5 hr. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to give tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy] ethyl] carbamate (2.6 g,
8.33 mmol, 42% yield) as white solid.

Step 3 :

A solution of 4-hexyldecyl 6-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[6-(4-
hexyldecoxy)-6-oxo-hexyl Jamino]hexanoate (0.5 g, 540.28 umol, 1 eq) in HCl/dioxane (4 M,
9.35 mL, 69.23 eq) was stirred at 25 °C for 3 hours under N; atmosphere. The reaction
mixture was concentrated under reduced pressure to give compound 4-hexyldecyl 6-[2-[2-(2-
aminoethoxy) ethoxy]ethyl-[6-(4-hexyldecoxy)-6-oxo-hexylJamino]hexanoate (0.55 g, crude,
HCl) as yellow oil.

Step 4 :

To a solution of 4-hexyldecyl 6-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[6-(4-hexyldecoxy)-6-
oxo- hexyl]amino]hexanoate (0.55 g, 638.20 umol, 1 eq, HCl), formaldehyde (5.45 g, 67.16
mmol, 5 mL, 37% purity, 105.23 eq) in MeOH (10 mL) added NaHCOs (160.85 mg, 1.91
mmol, 74.47 pL, 3 eq) at 25°C and stirred at 25°C for 15min, then AcOH (1.16 g, 19.23
mmol, 1.10 mL, 30.14 eq), NaBH3CN (120.31 mg, 1.91 mmol, 3 eq) was added to the
mixture. The resulting mixture was stirred at 25°C for 3hr. The reaction mixture was diluted
with H>O and extracted with EtOAc. The combined organic layers were dried over NaSOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by silica gel chromatography to give 4-hexyldecyl 6-[2-[2-[2-
(dimethylamino)ethoxy]ethoxy]ethyl-[6-(4-hexyldecoxy)-6-ox0-hexylJamino]hexanoate (227
mg, 266.00 umol, 42% yield) as yellow oil.

'H NMR (400 MHz, CDCl3), 4.04 (t, J=7.2 Hz, 4H), 3.61(s, 4H), 3.58 (t, J=6.4 Hz, 2H), 3.53
(t, J=6.4 Hz, 2H), 2.65 (t, J=6.4 Hz, 2H), 2.52 (t, J=5.6 Hz, 2H), 2.45 (t, J=7.2 Hz, 4H), 2.30
(t, J=7.6 Hz, 4H), 2.27 (s, 6H), 1.55-1.69 (m, 8H), 1.40-1.49 (m, 4H), 1.20-1.35 (m, 50H),
0.89 (t, J=6.4 Hz, 12H)

[M+H]": 853.7
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Synthesis of 7607

OH
Int. 26
o ?n o
N~~~y ——————
HOJ\/\N\/ OH
Q. Q.
Y\/\/\/\N/\/\/\/\"/

Int. 4 EDCI, DMAP, DCM
0-25°C,12h

step 1

Int. 18
Ha, PA/C, THF o BT
[
—_—
15 psi, 25 °C, 12 h o °
ST S I NSNS DIEA, AGN, THF
o A 0

step 2 70°C, 12h
step 3
Int. 36

\/\jj)\/\/o\g/\/\/\/\mo\/\/ii/\/

SDA-7607

Step 1:

To a solution of 8-[benzyl(7-carboxyheptyl )Jamino]octanoic acid (1.7 g, 4.34 mmol, 1

eq) in DCM (20 mL) was added DMAP (265.21 mg, 2.17 mmol, 0.5 eq), 4-hexyldecan-1-ol
(2.16 g, 8.90 mmol, 2.05 eq) and EDCI (2.50 g, 13.02 mmol, 3 eq) at 0 °C and stirred at 25
°C for 12 h under Nz atmosphere. The reaction mixture was diluted with H,O and extracted
with EtOAc. The combined organic layers were dried over NaxSOs, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to give 4-hexyldecyl 8-[benzyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (2.9 g, 3.45 mmol, 80% yield) as colorless oil.

Step 2:

A solution of Pd/C (1.0 g, 1.78 mmol, 10% purity, 1 eq) in THF (30 mL) was added 4-
hexyldecyl 8-[benzyl-[8-(4-hexyldecoxy)-8-oxo-octyl]amino]octanoate (1.5 g, 1.78 mmol, 1
eq) was stirred under Hz (15 psi) at 25 °C for 12 hr. The mixture was filtered through celite
and the filtrate was removed under reduced pressure to get a residue. The residue was purified
by silica gel chromatography to give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-

octyl JaminoJoctanoate (700 mg, 933.00 umol, 52% yield) as a colorless oil.

Step 3:

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (150 mg,
199.93 umol, 1 eg) in ACN (0.5 mL) and THF (1 mL) was added DIEA (51.68 mg, 399.86
umol, 69.65 uL, 2 eq) and then a solution of 2-bromoethanol (64.55 mg, 399.86 umol, 36.67
uL, 2 eq, HCI) in THF (0.5 mL) was added into the mixture. The mixture was stirred at 70

°C for 12 h. The reaction mixture was diluted with H>O and extracted with petroleum ether.
The combined organic layers were washed with brine, dried over NaxSOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-octyl]-(2-
hydroxyethyl)amino]octanoate (60 mg, 75.15 pmol, 38% yield) as colorless oil.

TH NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz 4H), 3.53 (t, J=5.2 Hz, 2H), 2.58 (t, J=4.8 Hz,
2H), 2.45 (t, J=7.2 Hz, 4H), 2.29 (t, J=7.6 Hz, 4H), 1.5-1.62 (m, 8H), 1.42-1.45 (m, 4H), 1.24-
1.30 (m, 58H), 0.89 (t, J=6.8 Hz, 12H)

[M+H]": 794.6
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Br
Int. 14

NHBoc

K»CO3, Kl
DMF, 80 °C, 24 h

step 1

HCl/dioxane
—_————

25°C,1h
step 2

37% CH,0, NaHCO;
—_—

AcOH, NaBH;CN
THF, 25°C,2h

step 3

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (150 mg,
199.93 umol, 1 eq) in DMF (5 mL) was added K2COs3 (138.16 mg, 999.64 pmol, 5 eq), KI

(66.38 mg, 399.86 umol, 2 eq) and tert-butyl N-(4-bromobutyl)carbamate (252.06 mg, 999.64

umol, 204.93 uL, 5 eq) in DMF (2 mL) The mixture was stirred at 80 °C for 24 hr. The
reaction mixture was diluted with H,O and extracted with EtOAc. The combined organic
layers were washed with brine, dried over Na,SOy, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by silica gel chromatography to give 4-
hexyldecyl 8-[4-(tert-butoxycarbonylamino)butyl-[ 8-(4-hexyldecoxy)-8-oxo-

octyl JaminoJoctanoate (140 mg, 151.93 umol, 76% yield) as a white solid.

Step 2:

A solution of 4-hexyldecyl 8-[4-(tert-butoxycarbonylamino)butyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (100 mg, 108.52 umol, 1 eq) in HCl/dioxane (4 M, 4.70 mL, 173.08
eq) was stirred at 25 °C for 1 hr . The reaction mixture was concentrated under reduced
pressure to give 4-hexyldecyl 8-[4-aminobutyl-[8-(4-hexyldecoxy)-8-oxo-

octylJaminoJoctanoate (90 mg, crude) as a colorless oil.

Step 3:
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To a solution of 4-hexyldecyl 8-[4-aminobutyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (125 mg, 145.71 umol, 1 eq, HCl) and formaldehyde (509.36 mg,
16.96 mmol, 467.30 uL, 116.42 eq) in MeOH (5 mL) was added NaHCOs3 (36.72 mg, 437.14
umol, 17.00 puL, 3 eq). The mixture was stirred at 25 °C for 10 min, then AcOH (262.51 mg,
4.37 mmol, 250.01 pL, 30 eq) and NaBH3CN (27.47 mg, 437.14 umol, 3 eq) was added into
the mixture and stirred at 25 °C for 1 h. The reaction mixture was filtered and then diluted
with aq. NaHCOs and extracted with EtOAc. The combined organic layers were washed with
brine, dried over NaSQO4, and concentrated under reduced pressure to give a residue. The
residue was purified by silica gel chromatography to give 4-hexyldecyl 8-[4-
(dimethylamino)butyl-[8-(4-hexyldecoxy)-8-oxo-octyl J]amino]octanoate (24 mg, 28.25 umol,
19% yield) as a colorless oil.

'H NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 2.49-2.55 (m, 6H), 2.31-2.37 (m, 2H),
2.28-2.30 (m, 10H), 1.53-1.64 (m, 16H), 1.24-1.32 (m, 58H), 0.89 (t, J=7.2 Hz, 12H)
[M+H]": 849.6

Synthesis of 7668

Int. 17 O
\/\)J\OH
1. (COCI),, DMF, DCM, 25 °C, 12 h
\[I/\/\/\/\N/\/\/\/Y 2, TEA, DCM, 0-25°C, 12 h

H

Int. 36 from SDA-7607

RS

SDA-7668
To a solution of 4-(dimethylamino)butanoic acid (100 mg, 596.54 pmol, 1 eq, HCl) in DCM
(5 mL) was added oxalyl dichloride (227.15 mg, 1.79 mmol, 156.65 pL, 3 eq) and DMF (1
mL). The mixture was stirred at 25 °C for 12 hr. The reaction mixture was concentrated under
reduced pressure to give 4-(dimethylamino)butanoyl chloride (110 mg, crude, HCI) as a white
solid.
The 4-(dimethylamino)butanoyl chloride (49.60 mg, 266.57 umol, 2 eq, HCl) was dropwise
added to a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-octyl Jamino]octanoate (100
mg, 133.29 umol, 1 eq) and TEA (40.46 mg, 399.86 pmol, 55.66 pL, 3 eq) in DCM (2 mL) at
0 °C and stirred at 25 °C for 12 hr. The reaction mixture was diluted with H,O and extracted
with EtOAc. The combined organic layers were washed with brine, dried over Na;SOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by silica gel chromatography to give 4-hexyldecyl 8-[4-(dimethylamino)butanoyl-[8-(4-
hexyldecoxy)-8-oxo-octyl |Jamino]octanoate (36 mg, 41.11 umol, 31% yield) as a white solid.
'H NMR (400 MHz, CDCls), 4.02-4.06 (m, 4H), 3.28 (t, J=7.6 Hz, 2H), 3.20 (t, J=6.8 Hz,
2H), 2.30-2.34 (m, 8H), 2.24 (s, 6H), 1.79-1.86 (m, 2H), 1.61-1.62 (m, 8H), 1.48-1.52(m, 4H),
1.24-1.31 (m, 58 H), 0.89 (t, J=6.8 Hz, 12H)
[M+H]": 863.7
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Synthesis of 7676
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/N\
SDA-7676

Step 1:

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (400 mg,
533.14 pmol, 1 eq) in DMF (2 mL) was added K2COs (368.42 mg, 2.67 mmol, 5 eq) and KI
(177.01 mg, 1.07 mmol, 2 eq) then 2-(2-bromoethyl)oxirane (322.02 mg, 2.13 mmol, 4 eq)
was added into the mixture. The mixture was stirred at 65 °C for 12 hr. The reaction mixture
was filtered and the filtrate was added into H>O and extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na>SOs, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by silica gel chromatography to
give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-ox0-octyl]-[2-(oxiran-2-yl)ethyl J]amino]octanoate
(140 mg, 170.66 umol, 32% yield) as a colorless oil.

Step 2:

A solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-ox0-octyl]-[2-(oxiran-2-yl)ethyl Jamino]
octanoate (100 mg, 121.90 pmol, 1 eq) in N-methylmethanamine (5.48 g, 121.48 mmol, 6.15
mL, 996.61 eq, THF 2M solution) was stirred at 100 °C for 12 hr. The reaction mixture was
diluted with NaHCOs3 and extracted with EtOAc. The combined organic layers were washed
with brine, dried over Na>SQq, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC to give 4-hexyldecyl 8-[[4-(dimethylamino)-
3-hydroxy-butyl]-[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (30 mg, 34.66 umol, 28%
yield) as yellow oil.

TH NMR (400 MHz, CDCl3), 4.05 (t, J=6.4 Hz 4H), 3.82-3.88 (m, 1H), 2.48-2.70 (m, 4H),
2.25-2.45 (m, 14H), 1.52-1.72 (m, 10H), 1.40-1.50 (m, 4H), 1.18-1.35 (m, 58H), 0.89 (t, J=6.8
Hz, 12H)

[M+H]": 865.7
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Synthesis of 7671

(0]
C’\‘/\)I\OH
Int. 13
1. (COCIy,, DMF, DCM, 25°C, 3h

L
v

To a solution of 3-pyrrolidin-1-ylpropanoic acid (450 mg, 3.14 mmol, 1 eq) in DCM (15 mL)
was added (COCl); (1.20 g, 9.43 mmol, 825.32 uL, 3 eq) and DMF (3 mL). The mixture was
stirred at 25 °C for 3 hr. The reaction mixture was concentrated under reduced pressure to
give 3-pyrrolidin-1-ylpropanoyl chloride (600 mg, crude, HCI) as a yellow solid.

The 3-pyrrolidin-1-ylpropanoyl chloride (396.04 mg, 2.00 mmol, 5 eq, HCI) in DCM (4 mL)
was dropwise added to a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-
octylJaminoJoctanoate (300 mg, 399.86 umol, 1 eq) and TEA (121.38 mg, 1.20 mmol, 166.96
uL, 3 eq) in DCM (3 mL) added at 0 °C. The mixture was stirred at 25 °C for 12 hr. The
reaction mixture was diluted with H,O and extracted with EtOAc. The combined organic
layers were washed with brine, dried over Na,SOy, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by prep-HPLC, then concentrated under
reduced pressure to remove ACN, then adjusted pH=8 with aq. NaHCOs3 and extracted with
EtOAc. The combined organic layers were washed with brine, dried over Na,SOs, and
concentrated under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-octyl]-(3-pyrrolidin-1-
ylpropanoyl)amino]octanoate (116 mg, 128.53 umol, 32% yield) as clear colorless oil.

TH NMR (400 MHz, CDCls), 4.02-4.06 (m, 4H), 3.28 (t, J=7.6 Hz, 2H), 3.21 (t, J=7.6 Hz,
2H), 2.86 (t, J=7.6 Hz, 2H), 2.48-2.68 (m, 6H), 2.27-2.32 (m, 4H), 1.82(brs, 4H), 1.57-
1.65(m, 8H), 1.45-1.54(m, 4H), 1.23-1.32 (m, 58H), 0.89 (t, J=6.4 Hz, 12H)

[M+H]": 875.7

2.TEA, DCM, 0-25°C,12h

Int. 36 from SDA-7607

G“

SDA-7671
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Synthesis of 7669
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SDA-7669

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (200 mg,
266.57 pmol, 1 eq) in DMF (5 mL) was added K»COs (184.21 mg, 1.33 mmol, 5 eq), KI
(88.50 mg, 533.14 umol, 2 eq) and tert-butyl N-[2-[2-(2-
bromoethoxy)ethoxy]ethyl]carbamate (416.12 mg, 1.33 mmol, 5 eq) in DMF (2 mL), then the
mixture was stirred at 80 °C for 12 hr. The reaction mixture was diluted with H>O and
extracted with EtOAc. The combined organic layers were washed with brine, dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by silica gel chromatography to give 4-hexyldecyl 8-[2-[2-[2-(tert-
butoxycarbonylamino)ethoxy]ethoxy]ethyl-[8-(4-hexyldecoxy)-8-oxo-octyl |amino]octanoate
(150 mg, 152.82 umol, 57% yield) as a yellow oil.

Step 2:
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A solution of 4-hexyldecyl 8-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[8-(4-
hexyldecoxy)-8-oxo-octyl Jamino]octanoate (140 mg, 142.63 umol, 1 eq) in HCl/dioxane (4
M, 6.17 mL, 173.08 eq) was stirred at 25 °C for 1 hr. The reaction mixture was concentrated
under reduced pressure to give 4-hexyldecyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-(4-
hexyldecoxy)-8-oxo-octyl |Jamino]octanoate (125 mg, crude) as a yellow oil.

Step 3:

To a solution of 4-hexyldecyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-(4-hexyldecoxy)-8-
oxo-octylJaminoJoctanoate (125 mg, 141.81 umol, 1 eq) and formaldehyde (495.72 mg, 16.51
mmol, 454.79 uL, 116.42 eq) in MeOH (10 mL) was added NaHCOs (35.74 mg, 425.44
umol, 16.55 uL, 3 eq) and stirred at 25 °C for 10 min, then AcOH (255.49 mg, 4.25 mmol,
243.32 uL, 30 eq) and NaBH3;CN (26.74 mg, 425.44 umol, 3 eq) was added to the mixture at
25 °C for 1 hr. The reaction mixture was filtered and the filtrate was diluted with aq. NaHCOs3
and extracted with EtOAc. The combined organic layers were washed with brine, dried over
Na»SO4, and concentrated under reduced pressure to give a residue. The residue was purified
by prep-HPLC, concentrated under reduced pressure to remove ACN, then diluted with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were washed with brine,
dried over Na»SOs, and concentrated under reduced pressure to give a residue. The residue
was purified by silica gel chromatography to give 4-hexyldecyl 8-[2-[2-[2-
(dimethylamino)ethoxy]ethoxy]ethyl-[8-(4-hexyldecoxy)-8-ox0-octyl Jamino]octanoate (25
mg, 27.21 umol, 19% yield) as a colorless oil.

'H NMR (400 MHz, CDCl3), 4.04 (t, J=7.2 Hz, 4H), 3.50-3.61 (m, 8H), 2.67 (t, J=6.4 Hz,
2H), 2.55 (t, J=6.0 Hz, 2H), 2.40-2.50(m, 4 H), 2.25-2.35 (m, 10H), 1.55-1.65 (m, 8H), 1.40-
1.48 (m, 4H), 1.20-1.35 (m, 58H), 0.89 (t, J=6.8 Hz, 12H)

[M+H]+: 909.7

Example 2. Preparation of Lipid Nanoparticle Compositions

C12-200 is commercially available ionizable lipid and has a chemical name of 1,1'-((2-(4-(2-
((2-(bis(2-hydroxydodecyl)amino)ethyl )(2-hydroxydodecyl) amino)ethyl)piperazin-1-
yDethyl)azanediyl)bis(dodecan-2-ol). A composition composed of

ionizable lipid:structural lipid:sterol: PEG-lipid (C12-200:DOPE:cholesterol:14:0 PEG2000
PE) at a molar ratio of 35:16:46.5:2.5, respectively. Lipids were solubilized in ethanol. These
lipids were mixed at the above-indicated molar ratios and diluted in ethanol (organic phase) to
5.5 mM total lipid concentration. The mRNA solution (aqueous phase) was prepared

with RNAse-free water and 100 mM citrate buffer pH 3 for a final concentration of 50 mM
citrate buffer. The ionizable lipid to mRNA N:P ratio maintained at 15:1.

All other compositions (i.e., compositions of MC3 (a commercially available ionizable lipid
having a chemical name of (6Z,97,287,31Z)-heptatriacont-6,9,28,3 1-tetraene-19-yl 4-
(dimethylamino)butanoate, and compositions of novel ionizable lipids 7669, 7671, 7668, 767,
7650) were composed of ionizable lipid:structural lipid:sterol:PEG-lipid (SDA lipid
#:DSPC:cholesterol:14:0 PEG2000 PE) at a molar ratio of 50:38.5:10:1.5, respectively. Lipids
were solubilized in ethanol. Compositions were then handled as above, except the
formulations were maintained at ionizable lipid to mRNA N:P ratio of 6:1. The lipid mix and
mRNA solution were mixed at a 1:3 ratio by volume, respectively, on a NanoAssemblr Ignite
(Precision Nanosystems) at a total flow rate of 9 mL/min. Resulting compositions were then
loaded into Slide-A-Lyzer G2 dialysis cassettes (10k MWCO) and dialyzed in 200 times
sample volume of 1x PBS for 4 hrs at room temp with gentle stirring. The PBS was refreshed,
and the compositions were further dialyzed for at least 14 hrs at 4 °C with gentle stirring. The
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dialyzed compositions were then collected and concentrated by centrifugation at 2000xg
using Amicon Ultra centrifugation filters (100k MWCO). Concentrated particles were
characterized for size, polydispersity, and particle concentration using Zetasizer Ultra
(Malvern Panalytical) and for mRNA encapsulation efficiency using Quant-

iT RiboGreen RNA Assay Kit (ThermoFisher Scientific).

Molar ratios of the components of each composition are summarized below.

Molar ratio
Lipid No. c::z::s:;z ¢ cholesterol | DSPC | DOPE Dllyllzlg_
7596 50 38.5 10 - 1.5
7667 50 38.5 10 - 1.5
7668 50 38.5 10 - 1.5
7669 50 38.5 10 - 1.5
7670 50 38.5 10 - 1.5
7671 50 38.5 10 - 1.5
7676 50 38.5 10 - 1.5
7649 50 38.5 10 - 1.5
7650 50 38.5 10 - 1.5
7651 50 38.5 10 - 1.5
7677 50 38.5 10 - 1.5
C12-200 35 46.5 - 16 25
MC3 50 38.5 10 - 1.5

Example 3. In-vivo bioluminescent imaging

8-9 week old female Balb/c mice were utilized for bioluminescence-based ionizable lipid
screening efforts. Mice were obtained from Jackson Laboratories (JAX Stock: 000651) and
allowed to acclimate for one week prior to manipulations. Animals were placed under a heat
lamp for a few minutes before introducing them to a restraining chamber. The tail was wiped
with alcohol pads (Fisher Scientific) and 100uL of a lipid nanoparticle composition descrbed
above containing 10ug total mMRNA (Sug Fluc + Spg EPO) was injected intravenously using a
29G insulin syringe (Covidien). Any resulting bleeding was stemmed using a sterile gauze
pad (Fisher Scientific) and animals were placed back into their home cage. 4-6 hours post-
dose, animals were injected with 200uL of 15mg/mL D-Luciferin (GoldBio) and placed in an
isoflurane induction chamber set to deliver 2.5% isoflurane delivered at an oxygen flow rate
of 1-2 liters per min. After 5 minutes of isoflurane exposure, mice were placed in set nose
cones inside the IVIS Lumina LT imager (PerkinElmer). Livinglmage software was utilized
for imaging. Whole body bio-luminescence was captured at auto-exposure after which
animals were removed from the IVIS and placed into a CO2 chamber for euthanasia. Cardiac
puncture was performed on each animal after placing it in dorsal recumbency, and blood
collection was performed using a 25G insulin syringe (BD). Blood was collected in Lithium-
Heparin coated tubes (Fisher Scientific) and immediately placed on ice. Once all blood
samples were collected, tubes were spun at 2000G for 10 minutes using a tabletop centrifuge
and plasma was aliquoted into individual Eppendorf tubes (Fisher Scientific) and stored at -
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80C for subsequent EPO quantification. EPO levels in plasma were determined using EPO
MSD kit (Meso Scale Diagnostics). Results are shown below.

Compou
nd: 7669 7671 7668 7676 7650 C12-200 MC3
Area of
Body
Whole 5120 | 2900 7800 | 7720 | 4850 | 2690 [ 5090 | 3040 | 1090 | 1210 | 3.6E+0 [ 4.32E+ | 1.36E+ | 969000
body 00 00 0 0 0 0 0 0 8 08 08 00
Liver 9240 | 1290 | 2960 | 1840 | 7400 | 1470 | 1830 | 1610 | 8310 | 5630 | 923000 | 697000 | 220000 | 203000
0 00 00 00 0 0 00 00 0 0 00 00 00 00
Soleen 1120 | 9170 | 4220 | 5740 | 5640 | 6050 | 2550 | 2590 | 1080 [ 8240 | 128000 | 139000 | 166000 | 206000
P 00 0 00 00 0 0 00 00 00 0 0 0 0 0
Pancrea | 1060 | 8780 | 1410 | 1850 | 2690 | 8080 | 1770 | 2200 | 8720 | 1270
s 00 0 00 00 0 0 00 00 0 00 236000 | 216000 | 192000 | 232000
7300 | 7010 | 2150 | 1800 | 3750 [ 7900 | 2620 | 1700 | 1380 | 1500
Lung 0 0 00 00 0 0 00 00 00 0 545000 | 266000 | 300000 | 258000

As can be seen, novel compounds 7676, 7671, 7650, 7669, and 7668 selectively targeted the
pancreas and lung over the whole body, liver, or spleen.

Figure 2 contains images from bioluminescent imaging in mice liver (1 second after), spleen
(1 second and 1 minute after) following administration of one of novel compounds 7669,
7671, 7668, 7676, 7650, C12-200, and MC3.

Figures 3-6 contain images from wholy body bioluminescent imaging in mice after
administration of one of novel compounds 7669, 7671, 7668, 7676, 7650, C12-200, and MC3.
The scales in Figures 3-6 are different across images and have not been normalized.
Accordingly, the ionizable lipid scaffolds demonstrate selective delivery of the therapeutic
cargos outside the liver and, due to the lower lipid levels in the liver, lower liver toxicity is
expected.

Example 4: Synthesis of exemplary ionizable lipid compounds.

4.1. Synthesis of compound 2129

Br\/\/\/\/cozHM B~~~ COsMe BINH2 K2COs I
0~70°C,5h DMF, 80°C' 12 h
step 1 step 2
Bn Bn
NaOH, MeOH/THF

[
MeO,C _~_~o~ N~ COoMe —————— 5 !
H,0, 25°C, 12 h HOC o~ SN S COH

step 3 intermediate A
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CO,Et
O PPh3 OMe PVCOZEt z
HCI, H0, THF E‘O Ot
__HCl H0, THR. _ _OFtap o
n-| BuL| THF 70°C, 12 h NaH, THF
0~25°C, 14 h 0-25°C. 2.5

xé

aq.CHO, NaHCO;
e

AcOH, NaBH;CN
MeOH, 25 °C, 70 min
step 13

step 4 step 5 step 6
COoEt OH intermediate A
H2 Pd/C, EtOH LAH THF
15 Psi, 25 °C 1h °C 1h EDCI, DLVIAP’ DCM
step 7 step 8 0-25°C, 12h
step 9
O
N H,, Pd/C, THF
(0] (0]
15 psi, 25°C, 2 h
step 10
NHBoc
O O
. . ar 2
intermediate B r
K,COs, K
NHBoc DMF, 80°C, 12 h
H) step 11
)?\/\/\/\/N\/\/\/\i HCl/dioxane
R
O 0 25°C, 1h
step 12

To a solution of 8-bromooctanoic acid (5 g, 22.41 mmol, 1 eq) in MeOH (50 mL) was added
dropwise SOCI; (5.33 g, 44.82 mmol, 3.25 mL, 2 eq) at 0 °C, then the mixture was stirred

at 70 °C for 5 hours. The mixture was concentrated under reduced pressure to get methyl 8-
bromooctanoate (4.5 g, crude) as yellow oil.

Step 2:

To a solution of BnNH; (0.78 g, 7.28 mmol, 793.49 uL, 1 eq) in DMF (10 mL) was added
K2CO5(5.03 g, 36.40 mmol, 5 eq), KI (3.02 g, 18.20 mmol, 2.5 eq) and the solution of methyl
8-bromooctanoate (3.5 g, 14.76 mmol, 2.03 eq) in DMF (4 mL), then the mixture was stirred
at 80 °C for 12 hours. The mixture was filtered and the filtrate was poured into H>O (50 mL)
and extracted with EtOAc (10 mLx3). The combined organic layer was washed with brine (10
mLx2), dried over NaxSQyq, filtered and the filtrate was concentrated under reduced pressure
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to give a residue. The residue was purified by column chromatography (SiO», Petroleum
ether/Ethyl acetate = 100/1 to 20/1) to give methyl 8-[benzyl-(8-methoxy-8-oxo-octyl)amino]-
octanoate (2.6 g, 6.20 mmol, 85.12% yield) as yellow oil.

'H NMR (400 MHz, CDCl3), 7.22-7.31 (m, 5H), 3.67 (s, 6H), 3.53 (s, 4H), 2.38 (t, /= 7.2
Hz, 4H), 2.30 (t, J = 7.6 Hz, 4H), 1.59-1.63 (m, 6H), 1.43-1.50 (m, 4H), 1.27-1.35 (m, 14H).

Step 3:

To a solution of methyl 8-[benzyl-(8-methoxy-8-oxo0-octyl)amino]octanoate (2.6 g, 6.20
mmol, 1 eq) in THF (3 mL) and MeOH (10 mL) was added a solution of NaOH (845.87 mg,
21.15 mmol, 3.41 eq) in H2O (5 mL), then the mixture was stirred at 25 °C for 12 hours. The
reaction mixture was concentrated under reduced pressure to get a residue. The residue

was added into H>O (10 mL) and extracted with EtOAc (10 mLx3). The aqueous phase was
adjusted the pH = 6~7 with 1N HCI, then extracted with EtOAc (20 mLx5). The organic layer
was washed with brine (10 mLx2), dried over NaxSOy, filtered and the filtrate was
concentrated under reduced pressure to give 8-[benzyl(7-carboxyheptyl)amino]octanoic acid
(2 g, 5.11 mmol, 82.43% yield, - purity) as colorless oil.

TH NMR (400 MHz, DMSO), 7.21-7.30 (m, 5H), 3.49 (s, 2H), 2.34 (t, J = 6.8 Hz, 4H), 2.16
(t, J=7.2 Hz, 4H), 1.38-1.47 (m, 8H), 1.21-1.25 (m, 12H).

Step 4:

To a solution of methoxymethyl(triphenyl)phosphonium;chloride (24.16 g, 70.47 mmol, 3
eq) in THF (360 mL) was added dropwise n-BuLi (2.5 M, 26.31 mL, 2.8 eq) at 0 °C and the
mixture was stirred at 25 °C for 2 hours. A solution of undecan-6-one (4 g, 23.49 mmol, 1
eq) in THF (120 mL) was added into the mixture at 0 °C, then stirred at 25 °C for 12 hours.
The mixture was poured into HO (200 mL) at 0 °C and extracted with EtOAc (100 mLx3).
The combined organic layer was washed with brine (100 mLx2), dried over Na,SOs, filtered
and the filtrate was concentrated under reduced pressure to get a residue. The residue was
purified by column chromatography (SiOa, Petroleum ether/Ethyl acetate = 100/0 to 50/1) to
give 6-(methoxymethylene)undecane (18 g, 90.75 mmol, 77.27% yield) as colorless oil.

Step S:

A solution of 6-(methoxymethylene)undecane (18 g, 90.75 mmol, 1 eq) in THF (72 mL) and
HCl (3 M, 18.00 mL, 5.95e-1 eq) aq. was stirred at 70 °C for 12 hours. The mixture was
poured into H>O (100 mL) at 0 °C, extracted with EtOAc (50 mLx3). The combined organic
layer was washed with brine (50 mLx2), dried over Na;SOs, filtered and the filtrate was
concentrated under reduced pressure to get a residue. The residue was purified by column
chromatography (Si0», Petroleum ether/Ethyl acetate = 100/1 to 20/1) to give 2-
pentylheptanal (15 g, 81.38 mmol, 89.67% yield, - purity) as colorless oil.

TH NMR (400 MHz, CDCl3), 5.75 (s, 1H), 3.52 (s, 3H), 2.05 (t, /= 7.2 Hz, 2H), 1.85 (t, J =
7.2 Hz, 2H), 1.28-1.35 (m, 12H), 0.90 (t, J= 7.2 Hz, 6H).

Step 6:

To a solution of NaH (3.95 g, 98.74 mmol, 7.05 mL, 60% purity, 1.3 eq) in THF (280

mL) was added dropwise ethyl 2-diethoxyphosphorylacetate (22.14 g, 98.74 mmol, 19.59
mL, 1.3 eq) at 0 °C, the mixture was stirred at 25 °C for 0.5 hour. A solution of 2-
pentylheptanal (14 g, 75.96 mmol, 1 eq) in THF (70 mL) was added into the mixture at 0 °C,
then the mixture was warmed to 25 °C and stirred at 25 °C for 2 hours. The mixture was
poured into H>O (200 mL) at 0 °C, extracted with EtOAc (100 mLx3). The combined organic
layer was washed with brine (50 mLx2), dried over Na;SOs, filtered and the filtrate was
concentrated under reduced pressure to get a residue. The residue was purified by column
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chromatography (Si0», Petroleum ether/Ethyl acetate = 100/1 to 20/1) to give ethyl 4-
pentylnon-2-enoate (16 g, 62.89 mmol, 82.80% yield) as colorless oil.

TH NMR (400 MHz, CDCls), 9.56 (d, J= 3.2, 1H), 2.24-2.25 (m, 1H), 1.43-1.61 (m, 2H),
1.29-1.34 (m, 2H), 1.26 (s, 12H), 0.90 (t, J = 7.2 Hz, 6H).

Step 7:

A solution of Pd/C (2.5 g, 10% purity) and ethyl 4-pentylnon-2-enoate (5 g, 19.65 mmol, 1
eq) in EtOH (100 mL) was stirred at 25 °C for 1 hour under H» (15 Psi). The mixture

was filtered and the filtrate was concentrated under reduced pressure to give the compound
ethyl 4-pentylnonanoate (15 g, crude) as colorless oil.

TH NMR (400 MHz, CDCls), 6.74 (dd, J;=9.2 Hz, J,= 15.6 Hz, 1H), 5.76 (d, J= 15.6 Hz,
1H), 4.19 (q, J = 7.2 Hz, 2H), 2.09-2.15 (m, 1H), 1.30-1.42 (m, 2H), 1.24-1.29 (m, 17H), 0.88
(t, J=7.2 Hz, 6H).

Step 8:

To a solution of LAH (1.48 g, 39.00 mmol, 7.05 mL, 2 eq) in THF (50 mL) was added a
solution of ethyl 4-pentylnonanoate (5 g, 19.50 mmol, 1 eq) in THF (10 mL) at 0 °C and
stirred at O °C for 1 hour. The mixture was poured into H,O (30 mL) at 0 °C, then the mixture
was filtered and the filtrate was extracted with EtOAc (50 mLx3). The combined organic
layer was washed with brine (50 mL*2), dried over Na,SOy, filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography
(81032, Petroleum ether/Ethyl acetate = 100/1 to 20/1) to give 4-pentylnonan-1-ol (10 g, 46.64
mmol, 79.74% yield) as colorless oil.

'H NMR (400 MHz, CDCls), 4.13 (q, J= 7.2 Hz, 2H), 2.28 (t, J = 8.0, 2H), 1.57-1.60 (m,
4H), 1.25-1.32 (m, 18H), 0.89 (t, /= 7.2 Hz, 6H).

Step 9:

To a solution of 4-pentylnonan-1-ol (1.15 g, 5.36 mmol, 2.1 eq) and 8-[benzyl(7-
carboxyheptyl) amino]octanoic acid (1 g, 2.55 mmol, 1 eq) in DCM (10 mL) was added
DMAP (156.01 mg, 1.28 mmol, 0.5 eq) and EDCI (1.47 g, 7.66 mmol, 3 eq) at 0 °C, then
stirred at 25 °C for 12 hours. The mixture was added into H>O (10 mL) and extracted with
DCM (10 mLx*3). The combined organic layer was washed with brine (10 mLx2), dried over
Na»S0q, filtered and the filtrate was concentrated under reduced pressure to get a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 30/1
to 10/1) to give 4-pentylnonyl 8-[benzyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino] octanoate
(1.5 g, 1.91 mmol, 74.89% yield) as colorless oil.

TH NMR (400 MHz, CDCl3), 3.64 (q, J= 6.8 Hz, 2H), 1.50-1.55 (m, 2H), 1.22-1.31 (m,
20H), 0.89 (t, J= 7.2 Hz, 6H).

Step 10:

A solution of Pd/C (200 mg, 637.52 umol, 10% purity, 1 eq) and 4-pentylnonyl 8-[benzyl-[8-
ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (500 mg, 637.52 umol, 1 eq) in THF (20

mL) was stirred at 25 °C for 2 hours under H> (15 Psi). The mixture was filtered and the
filtrate was concentrated under reduced pressure to get a residue. The residue was purified by
column chromatography (SiO;, Petroleum ether/Ethyl acetate=30/1 to 5/1) to give 4-
pentylnonyl 8-[[8-0x0-8-(4-pentylnonoxy)octyl Jamino] octanoate (900 mg, crude) as colorless
oil.

Step 11:
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To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl]amino]octanoate (150 mg,
216.09 pmol, 1 eq) in DMF (5 mL) was added K»COs (149.33 mg, 1.08 mmol, 40.10 uL, 5
eq) and KI (71.74 mg, 432.18 umol, 2 eq), then a solution of tert-butyl N-(4-
bromobutyl)carbamate (217.94 mg, 864.35 umol, 177.19 pL, 4 eq) in DMF (2 mL) was added
into the mixture and stirred at 80 °C for 12 hours. The reaction mixture was filtered and
concentrated in vacuo to get a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 20/1 to 3/1). 4-pentylnonyl8-[4-(tert-
butoxycarbonylamino)butyl-[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (120 mg,
138.66 umol, 64.17% yield, - purity) as colorless oil.

'H NMR (400 MHz, CDCls), 4.05 (t, J = 7.2 Hz, 4H), 2.60 (t, J= 7.2 Hz, 4H), 2.30 (t, J= 7.2
Hz, 4H), 1.60-1.63 (m, 12H), 1.24-1.32 (m, 50H), 0.89 (t, /= 7.2 Hz, 12H).

Step 12:

A solution of 4-pentylnonyl 8-[4-(tert-butoxycarbonylamino)butyl-[8-0x0-8-(4-pentylnonoxy)
octylJaminoJoctanoate (120 mg, 138.66 umol, 1 eq) in HCl/dioxane (4 M, 6.00 mL, 173.08
eq) was stirred at 25 °C for 1 hour. The reaction mixture was concentrated in vacuo to give 4-
pentylnonyl 8-[4-aminobutyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (110 mg,
crude, HCI) as a yellow solid.

Step 13:

To a solution of 4-pentylnonyl 8-[4-aminobutyl-[8-ox0-8-(4-pentylnonoxy)octylJamino]
octanoate (110 mg, 137.20 pmol, 1 eq, HCIl) and formaldehyde (1.30 g, 15.97 mmol, 1.19 mL,
37% purity, 116.42 eq) in MeOH (10 mL) was added NaHCOs (34.58 mg, 411.60 pmol,
16.01 pL, 3 eq), stirred at 25 °C for 10 minutes, then AcOH (247.17 mg, 4.12 mmol, 235.40
uL, 30 eq) and NaBH3CN (25.87 mg, 411.60 pmol, 3 eq) were added to the mixture and
stirred at 25 °C for 1 hour. The reaction mixture was quenched with sat NaHCOs (10 mL) and
extracted with EtOAc (310 mL). The combined organic layer was washed with brine (2x5
mL), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to get a residue.
The residue was purified by column chromatography (SiO, Ethyl acetate: MeOH = 30/1 to
1/1) to give 4-pentylnonyl 8-[4-(dimethylamino)butyl-[8-ox0-8-(4-

pentylnonoxy)octyl Jamino]octanoate (87 mg, 109.66 pmol, 79.93% yield, 100% purity) as
colorless oil.

TH NMR (400 MHz, CDCl3), 4.04 (t, J=6.8 Hz, 4H), 2.58-2.62 (m, 6H), 2.38 (t, J=6.4 Hz,
2H), 2.28-2.31 (m, 10H), 1.56-1.63 (m, 16H), 1.24-1.32 (m, S0H), 0.89 (t, J=7.2 Hz, 12H).
LCMS: (M+H"):793.6 @ 3.527 min.
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4.2. Synthesis of compound 2130

bt S N L

intermediate A from 2129

EDCI, DMAP, DCM

0-25°C, 12 h
step 1 Br
H2 Pd/C, THF r.
15 psi, 25 °C, 12 h KaCOn KI
W /\/\/\/\Ir N
step 2
intermediate C step 3
\/\:5\/\/ \/\/é/\/ Hotdioane
—_—
25°C,1h
step 4
NHBOC 37% CH,0, NaHCO;
_—
AcOH, NaBH;CN
\"/\/\/\/\ /\/\/\/\n/ THF, 25°C, 2h
H) step 5
/N\ 2130
Step 1:

To a solution of 8-[benzyl(7-carboxyheptyl )Jamino]octanoic acid (1.7 g, 4.34 mmol, 1

eq) in DCM (20 mL) was added DMAP (265.21 mg, 2.17 mmol, 0.5 eq), 4-hexyldecan-1-ol
(2.16 g, 8.90 mmol, 2.05 eq) and EDCI (2.50 g, 13.02 mmol, 3 eq) at 0 °C and stirred at 25
°C for 12 hours under N> atmosphere. The reaction mixture was diluted with H>O (10 mL)
and extracted with EtOAc 15 mL (5 mLx3). The combined organic layers were dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to 91/9) to
give compound 4-hexyldecyl 8-[benzyl-[8-(4- hexyldecoxy)-8-oxo0-octyl Jamino]octanoate
(2.9 g, 3.45 mmol, 79.51% yield) as colorless oil.

Step 2:

A solution of Pd/C (1 g, 1.78 mmol, 10% purity, 1 eq) in THF (30 mL) was added 4-
hexyldecyl 8-[benzyl-[8-(4-hexyldecoxy)-8-oxo-octyl]amino]octanoate (1.5 g, 1.78 mmol, 1
eq) was stirred under Hz (15 psi) at 25 °C for 12 hours. The mixture is filtered through celite
and the filtrate was removed under reduced pressure to get a residue. The residue was purified
by column chromatography (SiO», Petroleum ether/Ethyl acetate = 5/1 to 0/1) to give 4-
hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl]amino]octanoate (700 mg, 933.00 umol,
52.27% yield) as a colorless oil.

Step 3:
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To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (150 mg,
199.93 pmol, 1 eq) in DMF (5 mL) was added K»COs (138.16 mg, 999.64 umol, 5 eq), KI
(66.38 mg, 399.86 umol, 2 eq) and tert-butyl N-(4-bromobutyl)carbamate (252.06 mg, 999.64
umol, 204.93 uL, 5 eq) in DMF (2 mL). The mixture was stirred at 80 °C for 24 hours. The
reaction mixture was diluted with H,O 6 mL and extracted with EtOAc 6 mL (2 mLx3). The
combined organic layers were washed with Brine 3 mL (1 m x3), dried over Na,SOy, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (Si0», Petroleum ether/Ethyl acetate = 6/1 to 0/1) to give 4-
hexyldecyl 8-[4-(tert-butoxycarbonylamino)butyl-[ 8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (140 mg, 151.93 umol, 75.99% yield) as a white solid.

TH NMR (400 MHz, CDCl3), 5.1 (brs, 1H), 4.04 (t, J=6.8 Hz, 4H), 3.10-3.20(m, 2H), 2.40-
2.44 (m, 6H), 2.29 (t, J=7.2 Hz, 4H), 1.53-1.64 (m, 12H), 1.44-1.48 (m, 13H), 1.24-1.32 (m,
58H), 0.89 (t, J=7.2 Hz, 12H).

Step 4:

A solution of 4-hexyldecyl 8-[4-(tert-butoxycarbonylamino)butyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (100 mg, 108.52 umol, 1 eq) in HCl/dioxane (4 M, 4.70 mL, 173.08
eq) was stirred at 25 °C for 1 hour . The reaction mixture was concentrated under reduced
pressure to give 4-hexyldecyl 8-[4-aminobutyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (90 mg, crude) as a colorless oil.

Step S:

To a solution of 4-hexyldecyl 8-[4-aminobutyl-[8-(4-hexyldecoxy)-8-ox0-octyl Jamino]
octanoate (125 mg, 145.71 pmol, 1 eq, HCl) and formaldehyde (509.36 mg, 16.96 mmol,
467.30 uL, 116.42 eq) in MeOH (5 mL) was added NaHCO; (36.72 mg, 437.14 pmol, 17.00
uL, 3 eq). The mixture was stirred at 25 °C for 10 minutes, then AcOH (262.51 mg, 4.37
mmol, 250.01 uL, 30 eq) and NaBH3CN (27.47 mg, 437.14 pmol, 3 eq) was added into the
mixture and stirred at 25 °C for 1 hour. The reaction mixture was filtered and then diluted
with aq. NaHCOs 4 mL and extracted with EtOAc 9 mL (3 mLx3). The combined organic
layers were washed with Brine 6 mL (2 mLx3), dried over Na;SQO4, and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(8102, Petroleum ether/Ethyl acetate = 1/1 to 0/1, Ethyl acetate/MeOH=10/1 to 0/1) to give 4-
hexyldecyl 8-[4-(dimethylamino)butyl-[8-(4-hexyldecoxy)-8-oxo-octylJamino]octanoate (24
mg, 28.25 umol, 19.39% yield, 100% purity) as a colorless oil.

TH NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 2.49-2.55 (m, 6H), 2.31-2.37 (m, 2H),
2.28-2.30 (m, 10H), 1.53-1.64 (m, 16H), 1.24-1.32 (m, 58H), 0.89 (t, J=7.2 Hz, 12H).
LCMS: (M+H"): 849.6 @ 3.694 min.

109



WO 2023/091490 PCT/US2022/050111

4.3. Synthesis of compound 2131

NaOH, MeCOH

OH SOCly, MeOH BnNH,, KxCO3, KI MeO OMe THF, H,0
Br/\/\/\n/ —_— 5 /\/\/\[rOMe —_— e Y\/\/\,}l/\/\/Y e
S 70°C,2h r T DMF, 80°C 12 h I6) Bn o 0~25°C, 12 h
step 1 step 2 step 3
OH
HO OH 5 from WX-2136
\f(\/\/\N/\/\/\ﬂ/
1
[e] Bn [e] EDCI, DMAP, DCM OY\/\/\I}I/\/\/\H/O
0~40°C,8h o] Bn o]
Br
step 4 (H
Hy, 30 PSI, Pd/C NHBoc
—_—
THF, 25°C, 2h fo) 0. KoCOs, KI, DMF
Y\N\H/W\Ir 80°C, 12h
step 5 (o] (o]
intermediate D
step 6
HCl/dioxane
O —_—
0,
O 25°C,3 h
step 7
NHBoc
o aq.CHO, NaHCO;
_—
\r(\/\/\ /\/\/\Ir AcOH, NaBH3CN
© MeOH, 25 °C, 3.25 h
step 8
\/\5\/\/ Y\/\/\ /\/\/\H/O\/\/é/\/
(e}
compound 2131
/N\
Step 1:

To a solution of 6-bromohexanoic acid (10 g, 51.27 mmol, 1 eq) in MeOH (200 mL) was
added SOCI; (12.20 g, 102.54 mmol, 7.44 mL, 2 eq). The mixture was stirred at 70 °C for 2
hours. The reaction mixture was diluted with H>O 200 mL and washed with PE 600 mL(200
mLx3), extracted with EtOAc 600 mL(200 mLx3). The combined EtOAc layers were dried
over NaxSQy, filtered and concentrated under reduced pressure to give compound methyl 6-
bromohexanoate (10 g, 47.83 mmol, 93.29% yield) as white solid.

Step 2:

To a solution of BnNHz (1.28 g, 11.96 mmol, 1.30 mL, 1 eq) in DMF (50 mL) was added
K2COs5 (8.26 g, 59.79 mmol, 5 eq) and KI (4.96 g, 29.89 mmol, 2.5 eq), then a solution of
methyl 6-bromohexanoate (5 g, 23.91 mmol, 2 eq) in DMF (20 mL) was added to the mixture
and stirred at 80 °C for 12 hours. The reaction mixture was filtered and the filtrate was diluted
with EtOAc 200 mL and washed with water 600 mL (200 mLx3) and brine 400 mL (200
mLx2). The combined organic layers was dried with anhydrous Na,SOs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO», Petroleum ether/Ethyl acetate = 99/1 to 91/9) to give the compound
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methyl 6-[benzyl-(6-methoxy-6-oxo-hexyl) amino]hexanoate (8.5 g, 23.38 mmol, 97.78%
yield) as white solid.

TH NMR (400 MHz, CDCl3), 7.24-7.28 (m, 5H), 3.64 (s, 6H), 3.50 (s, 2H), 2.36 (t, J=7.2 Hz,
4H), 2.26 (t, J=7.6 Hz, 4H), 1.55-1.60 (m, 4H), 1.35-1.48 (m, 4H), 1.24-1.35 (m, 4H).
LCMS: (M+H"): 364.1.

Step 3:

To a solution of methyl 6-[benzyl-(6-methoxy-6-oxo-hexyl)amino]hexanoate (5 g, 13.76
mmol, 1 eq) in MeOH (20 mL), THF (6 mL) was added NaOH (1.88 g, 46.91 mmol, 3.41 eq)
in H2O (10 mL) at 0 °C. The mixture was stirred at 25 °C for 12 hours. The reaction mixture
was diluted with H,O 100 mL and extracted with EtOAc 600 mL(200 mLx3). The aqueous
phase was freeze-dried after adjusting pH = 7 with 1M HCI aqueous. The crude product was
triturated with EtOH (100 mL) at 25 °C for 2 hours, then filtered and the filtrate was
concentrated under reduced pressure to give the compound 6-[benzyl(5-
carboxypentyl)aminolhexanoic acid (4.5 g, 13.42 mmol, 97.53% yield) as white solid.

'H NMR (400 MHz, DMSO), 7.18-7.28 (m, SH), 3.46 (s, 2H), 2.29 (t, J=6.8 Hz, 4H), 2.06 (1,
J=7.2 Hz, 4H), 1.30-1.50 (m, 8H), 1.15-1.25 (m, 4H).

Step 4:

A mixture of 6-[benzyl(5-carboxypentyl)amino]hexanoic acid (1 g, 2.98 mmol, 1 eq) in DCM
(10 mL) was added DMAP (182.10 mg, 1.49 mmol, 0.5 eq), 4-hexyldecan-1-ol (1.48 g, 6.11
mmol, 2.05 eq), EDCI (1.71 g, 8.94 mmol, 3 eq) at 0 °C and was degassed and purged with N>
for 3 times. The mixture was stirred at 40 °C for 8 hours under N atmosphere. The reaction
mixture was diluted with H,O 20 mL and extracted with EtOAc 60 mL (20 mLx3). The
combined organic layers were dried over Na;SOy, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate = 1/0 to 91/9) to give compound 4-hexyldecyl 6-[benzyl-[6-(4-
hexyldecoxy)-6-oxo-hexylJamino] hexanoate (0.96 g, 1.22 mmol, 41.06% yield) as yellow oil.

Step S:

A solution of 4-hexyldecyl 6-[benzyl-[6-(4-hexyldecoxy)-6-ox0-hexyl|amino]hexanoate (960
mg, 1.22 mmol, 1 eq) and Pd/C (0.6 g, 1.22 mmol, 10% purity, 1.00 eq) in THF (50 mL) was
stirred under H» (30 psi) at 25 °C for 2 hours. The mixture is filtered and the solvent is
removed under reduced pressure to give a residue. The residue was purified by column
chromatography (Si0», Petroleum ether/Ethyl acetate = 1/0 to 3/1) to give compound 4-
hexyldecyl 6-[[6-(4-hexyldecoxy)-6 -oxo-hexyl]amino]hexanoate (650 mg, 936.38 pmol,
76.50% yield) as brown oil.

TH NMR (400 MHz, CDCl3), 7.27-7.30 (m, 5H), 4.03 (t, J=6.8 Hz, 4H), 3.53 (s, 2H), 2.39 (1,
J=7.2 Hz, 4H), 2.27 (t, J=7.6 Hz, 4H), 1.50-1.62 (m, 8H), 1.40-1.48(m, 4H), 1.24-1.35(m,
50H), 0.89 (t, J=6.8 Hz, 12H).

Step 6:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl|Jamino]hexanoate (0.3 g,
432.18 pmol, 1 eq) in DMF (3 mL) was added K>COs3 (298.65 mg, 2.16 mmol, 5 eq) and KI
(143.48 mg, 864.35 umol, 2 eq), tert-butyl N-(4-bromobutyl)carbamate (435.89 mg, 1.73
mmol, 354.38 uL, 4 eq). The mixture was stirred at 80 °C for 12 hours. The reaction mixture
was diluted with H2O 20 mL and extracted with EtOAc60 mL (20 mLx*3). The combined
organic layers were dried over NaxSOy, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (SiO», Petroleum
ether/Ethyl acetate = 1/1 to Y/1) to give compound 4-hexyldecyl 6-[4-(tert-
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butoxycarbonylamino)butyl-[6-(4-hexyldecoxy)-6-oxo-hexyl] amino]hexanoate (0.25 g,
288.88 umol, 66.84% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 5.01 (brs, 1H), 4.04 (t, J=6.8 Hz, 4H), 3.05-3.20 (m, 2H), 2.38-
2.50 (m, 6H), 2.30 (t, J=7.6 Hz, 4H), 1.57-1.67 (m, 12H), 1.35-1.50 (m, 13H), 1.24-1.30 (m,
50H), 0.89 (t, J=7.2 Hz, 12H). LCMS: (M+H"): 865.8.

Step 7:

A solution of 4-hexyldecyl 6-[4-(tert-butoxycarbonylamino)butyl-[6-(4-hexyldecoxy)-6-oxo-
hexyl] amino]hexanoate (0.2 g, 231.11 umol, 1 eq) in HCl/dioxane (4 M, 4.00 mL, 69.23 eq)
was stirred at 25 °C for 3 hours under N atmosphere. The reaction mixture was concentrated
under reduced pressure to get compound 4-hexyldecyl 6-[4-aminobutyl-[6-(4-hexyldecoxy)-6-
oxo-hexyl] amino]hexanoate (0.1 g, crude) as yellow oil.

Step 8:

To a solution of 4-hexyldecyl 6-[4-aminobutyl-[6-(4-hexyldecoxy)-6-oxo-hexyl]amino]
hexanoate (0.1 g, 130.67 umol, 1 eq), formaldehyde (1.09 g, 36.30 mmol, 1.00 mL, 277.81
eq) in MeOH (2 mL) was added NaHCOs (32.93 mg, 392.01 umol, 15.25 pL, 3 eq) at 25 °C
and stirred at 25 °C for 15 minutes, then AcOH (235.41 mg, 3.92 mmol, 224.20 pL, 30 eq)
and NaBH3CN (24.63 mg, 392.01 umol, 3 eq) were added to the mixture at 25 °C. The
resulting mixture was stirred at 25 °C for 3 hours. The reaction mixture was diluted with H,O
20 mL and extracted with EtOAc 60 mL (20 mLx3). The combined organic layers were dried
over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography (SiO», Ethyl acetate: MeOH = 1/0 to 10/1) to give
compound 4-hexyldecyl 6-[4-(dimethylamino)butyl-[6- (4-hexyldecoxy)-6-oxo-
hexyl]amino]hexanoate (38 mg, 47.90 umol, 36.66% yield, 100% purity) as yellow oil.

'H NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 2.35-2.49 (m, 6H), 2.28-2.32 (m, 6H),
2.23 (s, 6H), 1.55-1.65(m, 8H), 1.43-1.45 (m, 8H), 1.24-1.30 (m, 50H), 0.89 (t, J=6.8 Hz,
12H). LCMS: (M+H"): 793 6.

4.4. Synthesis of compound 2132

~N7
O (6] 0.
OH

—_—

intermediate B from 2129 EDCI, DMAP, DIEA

DCM, 0-25°C, 12 h

~\"
. OJ ]
)J\/\/\/\/N\/\/\/\)J\
Y 0

compound 2132

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (160 mg,
230.49 umol, 1 eq) and 4-(dimethylamino)butanoic acid (60.47 mg, 360.72 pmol, 1.56 eq,
HCl) in DCM (2 mL) was added DMAP (28.16 mg, 230.49 umol, 1 eq), DIEA (59.58 mg,
460.99 umol, 80.30 uL, 2 eq) and EDCI (132.56 mg, 691.48 pmol, 3 eq) at 0 °C and stirred at
25 °C for 12 hours. The mixture was concentrated under reduced pressure. The residue was
purified by prep-HPLC (column: Phenomenex Luna C18 100x30mmx=5um; mobile phase:
[water (HCI)-ACN]; B%: 65%-95%, 10min) and make it free by sat. NaHCOs3 (5 mL),
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extracted with EtOAc (5 mLx3), organic layer was washed with brine (5 mLx2), dried over
NaxSOq, filtered and the filtrate was concentrated under reduced pressure to give the 4-
pentylnonyl 8-[4-(dimethylamino) butanoyl-[8-ox0-8-(4-pentylnonoxy)octyl]amino]octanoate
(21 mg, 26.01 umol, 11.29% yield, 100% purity) as a white solid.

TH NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz, 4H), 3.27 (t, J=8.0 Hz, 2H), 3.20 (t, J=7.6 Hz,
2H), 2.26-2.37 (m, 14H), 1.81-1.87 (m, 2H), 1.57-1.67 (m, 8H), 1.48-1.53 (m, 4H), 1.24-
1.31(m, 50H), 0.89 (t, J=6.8 Hz, 12H). LCMS: (M+H"):807.6 @ 3.942 min.

4.5. Synthesis of compound 2133

|
1. (COClI),, DMF, DCM, 25 °C, 121 h
\r(\/\/\/\ /\/\/\/\n/ 2, TEA, DCM, 0-25°C, 12 h

intermediate C from 2130

\[(\/\/\/\N/\/\/\/\n/ \/\/ii/\/

r compound 2133

To a solution of 4-(dimethylamino)butanoic acid (100 mg, 596.54 umol 1 eq, HCI1) in CHzCl;
(5 mL) was added oxalyl dichloride (227.15 mg, 1.79 mmol, 156.65 pL, 3 eq) and DMF (1
mL). The mixture was stirred at 25 °C for 12 hours. The reaction mixture was concentrated
under reduced pressure to give 4-(dimethylamino)butanoyl chloride (110 mg, crude, HCI) as a
white solid. The 4-(dimethylamino)butanoyl chloride (49.60 mg, 266.57 pmol, 2 eq, HCI)
was dropwise added to a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-
octylJaminoJoctanoate (100 mg, 133.29 umol, 1 eq) and TEA (40.46 mg, 399.86 umol, 55.66
uL, 3 eq) in DCM (2 mL) at 0 °C and stirred at 25 °C for 12 hours. The reaction mixture was
diluted with H,O 6 mL and extracted with EtOAc 9 mL (3 mLx3). The combined organic
layers were washed with Brine 6 mL (2 mlx3), dried over Na;SOys, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 5/1 to 0/1, Ethyl acetate/Methanol = 10/1 to 8/1) to
give 4-hexyldecyl 8-[4-(dimethylamino)butanoyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (36 mg, 41.11 umol, 30.84% yield, 98.6% purity) as a white solid.

'H NMR (400 MHz, CDCls), 4.02-4.06 (m, 4H), 3.28 (t, J=7.6 Hz, 2H), 3.20 (t, J=6.8 Hz,
2H), 2.30-2.34 (m, 8H), 2.24 (s, 6H), 1.79-1.86 (m, 2H), 1.61-1.62 (m, 8H), 1.48-1.52(m, 4H),
1.24-1.31 (m, 58 H), 0.89 (t, J=6.8 Hz, 12H). LCMS: (M+H"): 863.7 @ 4.085 min.
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4.6. Synthesis of compound 2134
o}
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compound 2134

N

7N

Step 1:

To a solution of 4-(dimethylamino)butanoic acid;hydrochloride (0.4 g, 2.39 mmol, 1 eq) and
oxalyl dichloride (1.77 g, 13.97 mmol, 1.22 mL, 5 eq) in DCM (5 mL) was added two drops
of DMF (20.42 mg, 279.36 pmol, 21.49 pL, 0.1 eq), and stirred at 25 °C for 3 hours under N
atmosphere. The reaction mixture was concentrated under reduced pressure to give a
compound 4-(dimethylamino)butanoyl chloride (0.4 g, crude) as yellow oil.

Step 2:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl |Jamino]hexanoate (0.4 g,
576.23 pmol, 1 eq), 4-(dimethylamino)butanoyl chloride (344.86 mg, 2.30 mmol, 4 eq) in
DCM (3 mL) was added TEA (174.93 mg, 1.73 mmol, 240.61 pL, 3 eq) at 0 °C. The mixture
was stirred at 25 °C for 12 hours. The reaction mixture was diluted with H>O 20 mL and
extracted with EtOAc 60 mL (20 mLx3). The combined organic layers were dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Ethyl acetate: MeOH = 1/0 to 3/1) to give
compound 4-hexyldecyl 6-[4-(dimethylamino) butanoyl-[6-(4-hexyldecoxy)-6-oxo0-
hexyl]amino]hexanoate (174 mg, 215.53 umol, 37.40% yield, 100% purity) as yellow oil.
'H NMR (400 MHz, CDCls), 4.01-4.07 (m, 4H), 3.20-3.31 (m, 4H), 2.28-2.35 (m, 8H), 2.24
(S, 6H), 1.80-1.84 (m, 2H), 1.57-1.70 (m, 12H), 1.24-1.34 (m, 50H), 0.89 (t, J=6.8 Hz, 12H).
LCMS: (M+H"): 807.6 @ 3.898 min.
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4.7. Synthesis of compound 2135
0]
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HO T
intermediate B from 2129 DIEA, ACN
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OH
0 0]
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OJ\/\/\/\/ (¢}

compound 2135

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (250 mg,
360.15 umol, 1 eq) in ACN (5 mL) was added DIEA (93.09 mg, 720.29 pmol, 125.46 pL, 2
eq) and 2-bromoethanol (90.01 mg, 720.29 umol, 51.14 pL, 2 eq). The mixture was stirred

at 50 °C for 12 hours. The reaction mixture was poured in H>O (10 ml) and extracted

with EtOAc 45 mL (15 mL x 3). The combined organic layers were washed with brine 50 mL
(25 mLx3), dried over Na»SOy, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC (column: Phenomenex Luna C18 100 x
30mm x Sum; mobile phase: [water(HCI)-MEOH];B%: 70%-90%,10 minutes). The mobile
phase was adjusted pH to 7 with NaHCOjs saturated solution and extracted with EtOAc 15 mL
(5 mLx3). The combined organic layers was dried over NaxSQs, filtered and concentrated
under reduced pressure to give compound 4-pentylnonyl 8-[2-hydroxyethyl-[8-ox0-8-(4-
pentylnonoxy)octyl Jamino]octanoate (40 mg, 54.18 umol, 15.00% yield, 100% purity) as a
yellow oil.

IH NMR (400 MHz, CDCl3), 4.05 (t, J=6.8 Hz 4H), 3.55 (t, J=4.8 Hz, 2H), 2.59 (t, J=5.2 Hz,
2H), 2.46 (t, J=7.2 Hz, 4H), 2.30 (t, J=7.6 Hz, 4H), 1.57-1.64 (m, 8H), 1.40-1.50 (m, 4H),
1.20-1.35 (m, 50H), 0.89 (t, J=6.8 Hz, 12H). LCMS: (M+H"): 738.7 @ 3.257 min.

4.8. Synthesis of compound 2136

B
HO ™"
_ =
o o
Y\/\/\/\H/\/\/\/\n/ DIEA, ACN, THF
ol o} 709C, 12 h

intermediate C from 2130

O. O.
Y\M/\NM
o o
compound 2136 OH

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (150 mg,
199.93 umol, 1 eg) in ACN (0.5 mL) and THF (1 mL) was added DIEA (51.68 mg, 399.86
umol, 69.65 uL, 2 eq) and then a solution of 2-bromoethanol (64.55 mg, 399.86 umol, 36.67
uL, 2 eq, HCI) in THF (0.5 mL) was added into the mixture. The mixture was stirred at 70
°C for 12 hours. The reaction mixture was diluted with H,O (6 mL) and extracted with PE 6
mL (2 mLx3). The combined organic layers were washed with brine 3 mL (1 mL x3), dried
over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 4/1 to 0/1) to
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give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-octyl]-(2-hydroxyethyl)Jamino]octanoate (60
mg, 75.15 pmol, 37.59% yield, 99.495% purity) as colorless oil.

TH NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz 4H), 3.53 (t, J=5.2 Hz, 2H), 2.58 (t, J=4.8 Hz,
2H), 2.45 (t, J=7.2 Hz, 4H), 2.29 (t, J=7.6 Hz, 4H), 1.5-1.62 (m, 8H), 1.42-1.45 (m, 4H), 1.24-
1.30 (m, 58H), 0.89 (t, J=6.8 Hz, 12H). LCMS: (M+H"): 794.6 @ 4.085 min.

4.9. Synthesis of compound 2137

BI'/\/OH
DIEA, ACN
OY\MNMO 25~50°C, 12 h
H

intermediate D of 2131

RS

compound 2137

To a solution of 4-hexyldecyl 6-[[6-(4-hexy1decoxy)-6-oxo-hexy1]amino]hexanoate (02¢g,
288.12 umol, 1 eq) in ACN (3 mL) was added DIEA (74.47 mg, 576.23 umol, 100.37 uL, 2
eq), 2-bromoethanol (72.01 mg, 576.23 umol, 40.91 puL, 2 eq) at 25 °C. The mixture was
stirred at 50 °C for 12 hours. The reaction mixture was diluted with H>O 20 mL and extracted
with EtOAc 60 mL (20 mLx3). The combined organic layers were dried over Na>SOs, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (Si0», Ethyl acetate: MeOH = 1/0 to 10/1) to give the compound 4-
hexyldecyl6-[[6-(4- hexyldecoxy)-6-oxo-hexyl]-(2-hydroxyethyl )Jaminolhexanoate (28 mg,
37.93 umol, 13.16% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 4.04 (t, J=6.8 Hz 4H), 3.54 (t, J=5.2 Hz, 2H), 2.59 (t, J=5.2 Hz,
2H), 2.47 (t, J=7.6 Hz, 4H), 2.3 (t, J=7.6 Hz, 4H), 1.66-1.70 (m, 4H), 1.55-1.57 (m, 4H), 1.43-
1.49 (m, 4H), 1.24-1.33 (m, S0H), 0.89 (t, J=6.8 Hz, 12H).

LCMS: (M+H"):738.5 @ 3.419 min.

4.10: Synthesis of compound 2138

intermediate B from 2129 )K/\/\/\, \/\/\/\)\
KoCOs, KI, DMF
65°C, 12h

step 1
HO.
NHMeleHF g)
100 °C, 12 h, MW.
step 2 compound 2138

Step 1:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (500 mg,
720.29 umol, 1 eq) in DMF (5 mL) was added K>CO3; (497.76 mg, 3.60 mmol, 40.10 puL, 5
eq), KI (239.14 mg, 1.44 mmol, 2 eq) and 2-(2-bromoethyl)oxirane (435.06 mg, 2.88 mmol,
58.49 uL, 4 eq). The mixture was stirred at 65 °C for 12 hours. The mixture was filtered and
the filtrate was added into HO (5 mL), extracted with EtOAc (5 mLx3). The organic layer
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was washed with brine 10 mL(5 mLx2), dried over Na>SQy, filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 10/1 to 0/1) to give a compound 4-pentylnonyl 8-[2-
(oxiran-2-yl)ethyl-[ 8-ox0-8-(4-pentylnonoxy)octyl | amino]octanoate (400 mg, 523.39 umol,
72.66% yield, - purity) as colorless oil.

'H NMR (400 MHz, CDCls), 4.05 (t, J=6.4 Hz, 4H), 2.95-2.98 (m, 1H), 2.77 (t, J=4.8 Hz,
1H), 2.55-2.65 (m, 1H), 2.46-2.51 (m, 1H), 2.39-2.40 (m, 3H), 2.30 (t, J=7.6 Hz, 4H), 1.59-
1.64 (m, 12H), 1.40-1.44 (m, 4H), 1.24-1.32 (m, 50H), 0.89 (t, J=6.8 Hz, 12H).

(M+H"): 764.8.

Step 2:

A solution of 4-pentylnonyl 8-[2-(oxiran-2-yl)ethyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]
octanoate (200 mg, 261.69 pmol, 1 eq) in MexNH (2 M, 20.00 mL) in THF was stirred at 100
°C for 12 hours under microwave. The mixture was purified by prep-HPLC (column:
Phenomenex Luna C18 100 x 30mm X Sum; mobile phase: [water(HC1)-ACN]; B%: 50%-
80%,10 minutes) to give a compound 4-pentylnonyl 8-[[4-(dimethylamino)-3-hydroxy-butyl]-
[8-0x0-8-(4- pentylnonoxy)octylJamino]octanoate (52 mg, 64.25 umol, 26.00% yield) as
yellow oil.

'H NMR (400 MHz, CDCls), 4.06 (t, J=6.8 Hz 4H), 3.82-3.88 (m, 1H), 2.50-2.75(m, 4H),
2.20-2.45 (m, 14H), 1.55-1.68 (m, 10H), 1.43-1.52 (m, 4H), 1.20-1.35 (m, 50H), 0.89 (t, J=6.8
Hz, 12H). LCMS: (M+H"): 809.6 @ 3.526 min

4.11: Synthesis of compound 2139

o]
Br/\/Q
_—
O\n/\/\/\/\N/\/\/\/YO KoCO, KI, DMF
5 H S 65°C, 12h
intermediate C from 2130 step 1
NHMe,/THF
—_—
OWNMO o
5 o 100°C,12h
f step 2
o)
O\r(\/\/\/\N/\/\/\/\n/o
6] 6]
OH
_No compound 2139

Step 1:

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (400 mg,
533.14 umol, 1 eq) in DMF (2 mL) was added K2COs (368.42 mg, 2.67 mmol, 5 eq) and KI
(177.01 mg, 1.07 mmol, 2 eq) then 2-(2-bromoethyl)oxirane (322.02 mg, 2.13 mmol, 4 eq)
was added into the mixture. The mixture was stirred at 65 °C for 12 hours. The reaction
mixture was filtered and the filtrate was added into H>O 6 mL and extracted with EtOAc 15
mL (5 mL x3). The combined organic layers were washed with Brine 12 mL (4 mLx3), dried
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over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 10/1 to 0/1) to
give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-ox0-octyl]-[2-(oxiran-2-yl)ethyl J]amino]octanoate
(140 mg, 170.66 umol, 32.01% yield) as a colorless oil.

TH NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz, 4H), 2.96-2.98 (m, 1H), 2.77 (t, J=4.8 Hz,
1H), 2.58 (t, J=4.8 Hz, 2H), 2.49 (t, J=4.8 Hz, 1H), 2.37(t, J=4.8 Hz, 4H), 2.30 (t, J=7.2 Hz,
4H), 1.60-1.62 (m, 10H), 1.38-1.47 (m, 4H), 1.24-1.32 (m, 58H), 0.89 (t, J=6.8 Hz, 12H).
(M+H"): 820.8.

Step 2:

A solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-ox0-octyl]-[2-(oxiran-2-yl)ethyl Jamino]
octanoate (100 mg, 121.90 pmol, 1 eq) in N-methylmethanamine (5.48 g, 121.48 mmol, 6.15
mL, 996.61 eq, THF 2M solution) was stirred at 100 °C for 12 hours. The reaction mixture
was diluted with NaHCO;3 10 mL and extracted with EtOAc 24 mL (8 mL*3). The combined
organic layers were washed with Brine 15 mL (5 mL x3), dried over Na>SOqs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-
HPLC (column: Phenomenex Luna C18 100 x 30mm x Sum; mobile phase: [water(HCI)-
ACN]; B%: 55%-85%,10min) to give 4-hexyldecyl 8-[[4-(dimethylamino)-3-hydroxy-butyl]-
[8-(4-hexyldecoxy)-8-oxo0-octyl |amino]octanoate (30 mg, 34.66 pmol, 28.44% yield) as
yellow oil.

TH NMR (400 MHz, CDCl3), 4.05 (t, J=6.4 Hz 4H), 3.82-3.88 (m, 1H), 2.48-2.70 (m, 4H),
2.25-2.45 (m, 14H), 1.52-1.72 (m, 10H), 1.40-1.50 (m, 4H), 1.18-1.35 (m, 58H), 0.89 (t, J=6.8
Hz, 12H). LCMS: (M+H"): 865.7 @ 3.699 min.

4.12: Synthesis of compound 2140

step 1

intermediate D from 2131 f
o

110 °C, 24 h, MW.
step 2

N compound 2140

N

Step 1:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl|Jamino]hexanoate (1 g, 1.44
mmol, 1 eq) in DMF (10 mL) was added K2CO3 (995.52 mg, 7.20 mmol, 5 eq) and KI
(478.27 mg, 2.88 mmol, 2 eq), 2-(2-bromoethyl)oxirane (870.12 mg, 5.76 mmol, 354.38 uL, 4
eq). The mixture was stirred at 80 °C for 12 hours. TLC showed 4-hexyldecyl 6-[[6-(4-
hexyldecoxy)-6-oxo-hexyl] amino]hexanoate was consumed completely and one new spot
formed. The reaction mixture was diluted with H2O 20 mL and extracted with EtOAc 60
mL(20 mLx3). The combined organic layers were dried over NaxSOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO2, Petroleum ether/Ethyl acetate = 1/0 to 10/1) to give a compound 4-
hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl]-[2-(oxiran-2-yl)ethyl] amino]hexanoate (0.5
g, 654.23 umol, 45.41% yield) as yellow oil.

Step 2:
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A mixture of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-ox0-hexyl]-[2-(oxiran-2-yl)ethyl ]amino]
hexanoate (0.2 g, 261.69 umol, 1 eq) in Me:NH (1 M, 261.69 pL, 1 eq) were taken up into a
microwave tube. The sealed tube was heated at 110 °C for 24 hours under microwave. TLC
showed 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl]-[2-(oxiran-2-yl)ethyl Jamino]
hexanoate was remained and one new spot formed. The combined organic phase was diluted
with EtOAc 20 mL and washed with water 60 mL (20 mLx3) and brine 40 mL (20 mLx2),
dried with anhydrous Na,SQOys, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC (column: Phenomenex Luna C18 100 x
30mm x Sum;mobile phase: [water(HCI)-ACN]; B%: 45%-75%,10min) to give a compound
4-hexyldecyl 6-[[4-(dimethylamino)-3-hydroxy-butyl]-[6-(4-hexyldecoxy)-6-oxo-
hexyl]amino]hexanoate (42 mg, 51.89 umol, 19.83% yield, 100% purity) as yellow oil.

'H NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz 4H), 3.65-3.88 (m, 1H), 2.25-2.61 (m, 18H),
1.52-1.70 (m, 10H), 1.42-1.50 (m, 4H), 1.20-1.35 (m, S0H), 0.89 (t, J=6.8 Hz, 12H).
LCMS: (M+H"): 809.6 @ 3.602 min.

4.13: Synthesis of compound 2141

° ° Q
intermediate B from 2129 N\/YO
1 OH
1.1, (COCI),, DMF

DCM, 25 °C, 2 h
2. TEA, DCM, 0-25°C, 12 h

0 C’\\l\/\fo o) step 182
N \/\/\/\)J\
@) O

compound 2141

Step 1:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (100 mg, 698.41 umol, 1 eq) in DCM (5
mL) was added (COCl)z (443.24 mg, 3.49 mmol, 305.69 pL, 5 eq) and DMF (5.10 mg, 69.84
umol, 5.37 pL, 0.1 eq), stirred at 25 °C for 2 hours. The mixture was concentrated under
reduced pressure to give the compound 3-pyrrolidin-1-ylpropanoyl chloride (112 mg, crude)
as a yellow solid. The crude was used directly.

Step 2:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (100 mg,
144.06 umol, 1 eq) in DCM (2 mL) was added TEA (43.73 mg, 432.18 umol, 60.15 pL, 3 eq)
and 3-pyrrolidin-1-ylpropanoyl chloride (114.15 mg, 576.24 pmol, 4 eq, HCI) at 0 °C, stirred
at 25 °C for 12 hours. The mixture was concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO, Ethyl acetate /MeOH = 50/1 to
1/1) to give the compound 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl]-(3-pyrrolidin-1-
ylpropanoyl)amino]octanoate (87 mg, 101.94 pmol, 70.76% yield) as colorless oil.

TH NMR (400 MHz, CDCl3), 4.03-4.07 (m, 4H), 3.15-3.40 (m, 4H), 2.85 (brs, 2H), 2.59 (brs,
6H), 2.27-2.33 (m, 4H), 1.82(s, 4H), 1.48-1.62(m, 12 H), 1.24-1.32 (m, SOH), 0.89 (t, J=6.8
Hz, 12H). LCMS: (M+H"): 819.6 @ 3.842 min.
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4.14: Synthesis of compound 2142

wiiw Wﬁjw o
Y\AN\NMO

N 1. (COCI),, DMF, DCM, 25 °C, 3 h
0

0,
intermediate C from 2130 2.TEA, DCM, 0-25°C, 12 h

\/\BWOWNMOWE:/V

o}
J/go o}
N
C, compound 2142

Step 1:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (450 mg, 3.14 mmol, 1 eq) in CH2Cl (15
mL) was added (COCl)2 (1.20 g, 9.43 mmol, 825.32 uL, 3 eq) and DMF (3 mL). The mixture
was stirred at 25 °C for 3 hours. The reaction mixture was concentrated under reduced
pressure to give 3-pyrrolidin-1-ylpropanoyl chloride (600 mg, crude, HCl) as a yellow solid.
The 3-pyrrolidin-1-ylpropanoyl chloride (396.04 mg, 2.00 mmol, 5 eq, HCI) in DCM (4 mL)
was dropwise added to a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-
octylJaminoJoctanoate (300 mg, 399.86 umol, 1 eq) and TEA (121.38 mg, 1.20 mmol, 166.96
uL, 3 eq) in DCM (3 mL) added at 0 °C. The mixture was stirred at 25 °C for 12 hours. The
reaction mixture was diluted with H2O 5 mL and extracted with EtOAc 12 mL (4 mLx3). The
combined organic layers were washed with Brine 9 mL (3 mLx3), dried over NaxSOy, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by prep-
HPLC (column: Phenomenex Luna C18 100 x 30mm x Sum; mobile phase: [water(HCI)-
ACN]; B%: 70%-95%,10min), then concentrated under reduced pressure to remove ACN,
then adjusted pH= 8 with aq. NaHCOs 20ml and extracted with EtOAc 30 mL (10 mLx3).
The combined organic layers were washed with Brine 24 mL (8 mL x 3), dried over Na;SOs,
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/1 to 0/1,Ethyl
acetate/MeOH = 10/1 to 0/1 ) to give 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo0-octyl]-(3-
pyrrolidin-1-ylpropanoyl)amino]octanoate (116 mg, 128.53 pmol, 32.14% yield, 97% purity)
as colourless oil.

'H NMR (400 MHz, CDCls), 4.02-4.06 (m, 4H), 3.28 (t, J=7.6 Hz, 2H), 3.21 (t, J=7.6 Hz,
2H), 2.86 (t, J=7.6 Hz, 2H), 2.48-2.68 (m, 6H), 2.27-2.32 (m, 4H), 1.82(brs, 4H), 1.57-
1.65(m, 8H), 1.45-1.54(m, 4H), 1.23-1.32 (m, 58H), 0.89 (t, J=6.4 Hz, 12H).

LCMS: (M+H"): 875.7 @ 3.678 min.
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4.15: Synthesis of compound 2143

V\:B\/\/OEK\N\H/V\/EOV\/E:/\/ C’ ]

1.1, (COCl)o, DMF, DCM, 25 °C, 3 h
2. TEA, DCM, 0-25 °C, 12 h

intermediate D from 2131

\/\:5\/\/0\[]/\/\/\,\,/\/\/\"/0\/\/5:/\/
0 ﬁo 0

C,\‘ compound 2143

To a solution of 3-pyrrolidin-1-ylpropanoic acid (0.4 g, 2.79 mmol, 1 eq) and oxalyl
dichloride (1.77 g, 13.97 mmol, 1.22 mL, 5 eq) in DCM (5 mL) was added two drops of DMF
(20.42 mg, 279.36 umol, 21.49 uL, 0.1 eq). The mixture was stirred at 25 °C for 3 hours
under N atmosphere. The reaction mixture was concentrated under reduced pressure to give
compound 3-pyrrolidin-1-ylpropanoyl chloride (0.5 g, crude, HCI) as yellow oil. The crude
was used directly.

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl |Jamino]hexanoate (0.4 g,
576.23 pmol, 1 eq), 3-pyrrolidin-1-ylpropanoyl chloride (372.54 mg, 2.30 mmol, 4 eq) in
DCM (3 mL) was added TEA (174.93 mg, 1.73 mmol, 240.61 pL, 3 eq) at 0 °C. The mixture
was stirred at 25 °C for 12 hours. The reaction mixture was diluted with H>O 20 mL and
extracted with EtOAc 60 mL (20 mLx3). The combined organic layers were dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Ethyl acetate: MeOH = 1/0 to 3/1) to give
compound 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6 -oxo-hexyl]-(3-pyrrolidin-1-
ylpropanoyl)amino]hexanoate (190 mg, 231.90 pmol, 40.24% yield, 100% purity) as yellow
oil.

'H NMR (400 MHz, CDCls), 3.97-4.08 (m, 4H), 3.21-331 (m, 4H), 2.89 (t, J=7.6 Hz, 2H),
2.52-2.65 (m, 6H), 2.25-2.35 (m, 4H), 1.93 (brs, 4H), 1.52-1.67 (m, 12H), 1.15-1.35 (m, 50H)
0.89 (t, J=6.4 Hz, 12H). LCMS: (M+H"): 819.6 @ 3.905 min.

2
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4.16: Synthesis of compound 2144

g

NHBoc

intermediate B from 2129 KQCO3 Kl
DMF, 80°C, 12h
step 1
\n/\/\/\/\N/\/\/\/\n/

H HCI/Dloxane
25 °C,1h
J/ step 2

NHBoc _37% CH20, NaHCOs
\r\/\/\/\N " ACOH. NaBH,CN

MeOH, 25°C, 1 h

step 4

OH Br

J/O CBry, PPhy oH
—_—
K2CO3, DCM J/
\[I/\/\/\/\N/\/\/\/Y 25°C, 70 min

H NHBoc NHBoc

QO
step 3
compound 2144

0

o}

¢

N

Step 1:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (300 mg,
432.18 pmol, 1 eq) in DMF (10 mL) was added K,COs (298.65 mg, 2.16 mmol, 40.10 pL, 5
eq), KI(143.48 mg, 864.35 pmol, 2 eq) and tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy]ethyl]
carbamate (674.63 mg, 2.16 mmol, 5 eq), stirred at 80 °C for 12 hours. The reaction mixture
was filtered and the filtrate was quenched with water (10 mL) and extracted with
dichloromethane (3x10 mL). The combined organic layer was washed with brine (2x5 mL),
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to get a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/1 to
0/1) to give 4-pentylnonyl 8-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[8-oxo-
8-(4-pentylnonoxy)octyl Jamino]octanoate (350 mg, 378.19 umol, 87.51% yield) as yellow oil.

Step 2:

A solution of 4-pentylnonyl 8-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy] ethoxy]ethyl-[8-
0x0-8- (4-pentylnonoxy)octyl]amino]octanoate (300 mg, 324.17 umol, 1 eq) in HCl/dioxane
(4 M, 6.00 mL, 74.04 eq) was stirred at 25 °C for 1 hour. The reaction mixture was
concentrated in vacuo to give 4-pentylnonyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-ox0-8-
(4-pentylnonoxy)octyl]amino] octanoate (300 mg, crude, HCI) as a yellow solid.

'H NMR (400 MHz, CDCls), 5.10 (brs, 1H), 4.05 (t, J = 6.8 Hz, 4H), 3.64 (s, 4H), 3.55-3.56
(m, 4H), 3.32-3.33 (m, 2H), 2.66 (t, J= 5.2 Hz, 2H), 2.44 (t, J = 5.2 Hz, 4H), 2.30 (t, J = 7.6
Hz, 4H), 1.55-1.65 (m, 8H), 1.44-1.45 (m, 13H), 1.24-131 (m, 50H), 0.89 (t, /= 7.2 Hz,
12H). LCMS: (M+H"):825.8 @ 0.980 min.

122



WO 2023/091490 PCT/US2022/050111

Step 3:

To a solution of tert-butyl N-[2-[2-(2-hydroxyethoxy)ethoxy]ethyl]carbamate (2 g, 8.02
mmol, 1 eq) in DCM (20 mL) was added CBrs (3.46 g, 10.43 mmol, 1.3 eq) and K»COs (1.44
g, 10.43 mmol, 1.3 eq), then a solution of PPhs (3.37 g, 12.84 mmol, 1.6 eq) in DCM (40 mL)
was stirred at 25 °C for 1 hour. The reaction mixture was filtered and concentrated in vacuo.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
30/1 to 5/1) to give tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy]ethyl]carbamate (1.2 g, 3.84
mmol, 47.91% yield) as colorless oil.

Step 4:

To a solution of 4-pentylnonyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-ox0-8-(4-
pentylnonoxy) octylJamino]octanoate (300 mg, 348.11 pmol, 1 eq, HCl) and formaldehyde
(2.81 g, 34.62 mmol, 2.58 mL, 37% purity, 99.44 eq) in MeOH (5 mL) was added NaHCO3
(87.73 mg, 1.04 mmol, 40.62 pL, 3 eq), and then stirred at 25 °C for 10 minutes. AcOH
(627.14 mg, 10.44 mmol, 597.28 uL, 30 eq) and NaBH3CN (65.63 mg, 1.04 mmol, 3 eq) were
added into the mixture and stirred at 25 °C for 1 hour. The reaction mixture was quenched
with sat. NaHCOs (10 mL) and extracted with EtOAc (3%x10 mL). The combined organic layer
was washed with brine (2x5 mL), dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo to get a residue. The residue was purified by column chromatography
(8102, Ethyl acetate: MeOH = 20/1 to 1/1) to give 4-pentylnonyl8-[2-[2-[2-
(dimethylamino)ethoxy]ethoxy]ethyl-[8-ox0-8-(4-pentylnonoxy)octyl Jamino]octanoate (104
mg, 121.87 umol, 35.01% yield, 100% purity) as colorless oil.

'H NMR (400 MHz, CDCls), 4.05 (t, J=6.8 Hz, 4H), 3.50-3.61 (m, 8H), 2.67 (t, J=3.2 Hz,
2H), 2.53 (t, J=5.6 Hz, 2H), 2.44-2.48 (m, 4H), 2.27-2.32 (m, 10H), 1.55-1.64 (m, 8H), 1.40-
1.47 (m, 4H), 1.20-1.35 (m, S0H), 0.89 (t, J=6.8 Hz, 12H).

LCMS: (M+H"):853.6 @ 3.493 min.
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4.17: Synthesis of compound 2145

OH
\/\}j\/\/ \/\/ﬁ/{/\/ OJ/
OY\/\/\/\:WO H

NHBoc

0] o _ =
. . K,COg, KI
intermediate C of 2130 DMF, 80°C, 12 h
step 1
O\n/\/\/\/\N/\/\/\/\n/O HClidioxane
_— =

0 H 0 25°C, 1h
step 2

O
r\ﬁaoc aq.CH,0, NaBH;CN
_—
O\[I/\/\/\/\N/\/W\n/o NaHCO3, AcOH, MeOH

25 °C, 70 min

0 H 0 step 3

Step 1:

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (200 mg,
266.57 pmol, 1 eq) in DMF (5 mL) was added K»COs (184.21 mg, 1.33 mmol, 5 eq), KI
(88.50 mg, 533.14 umol, 2 eq) and tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy]
ethyl]carbamate (416.12 mg, 1.33 mmol, 5 eq) in DMF (2 mL), then the mixture was stirred at
80 °C for 12 hours. The reaction mixture was diluted with H>O 9 mL and extracted with
EtOAc 12 mL (4 mLx3). The combined organic layers were washed with Brine 9 mL (3
mLx3), dried over Na>SQq, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
10/1 to 0/1, Ethyl acetate/MeOH=10/1 to 0/1) to give 4-hexyldecyl 8-[2-[2-[2-(tert-
butoxycarbonylamino)ethoxy]ethoxy]ethyl-[8-(4-hexyldecoxy)-8-oxo-octyl |amino]octanoate
(150 mg, 152.82 umol, 57.33% yield) as a yellow oil.

Step 2:

A solution of 4-hexyldecyl 8-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[8-(4-
hexyldecoxy)-8-oxo-octyl Jamino]octanoate (140 mg, 142.63 umol, 1 eq) in HCl/dioxane (4
M, 6.17 mL, 173.08 eq) was stirred at 25 °C for 1 hour. The reaction mixture was
concentrated under reduced pressure to give 4-hexyldecyl 8-[2-[2-(2-aminoethoxy)ethoxy]
ethyl-[8-(4-hexyldecoxy)-8-ox0-octyl]amino]octanoate (125 mg, crude) as a yellow oil.

Step 3:
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To a solution of 4-hexyldecyl 8-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[8-(4-hexyldecoxy)-8-
oxo-octylJaminoJoctanoate (125 mg, 141.81 umol, 1 eq) and formaldehyde (495.72 mg, 16.51
mmol, 454.79 uL, 116.42 eq) in MeOH (10 mL) was added NaHCOs (35.74 mg, 425.44
umol, 16.55 uL, 3 eq) and stirred at 25 °C for 10 minutes. Then AcOH (255.49 mg, 4.25
mmol, 243.32 uL, 30 eq) and NaBH3CN (26.74 mg, 425.44 pmol, 3 eq) were added to the
mixture at 25 °C for 1 hour. The reaction mixture was filtered and the filtrate was diluted with
aq. NaHCO; 20 mL and extracted with EtOAc 30 mL (10 mLx*3). The combined organic
layers were washed with brine 24 mL (8 mL x 3), dried over Na,SOs, and concentrated under
reduced pressure to give a residue. The residue was purified by prep-HPLC (column:
Phenomenex Luna C18 100 x 30mm X Sum; mobile phase: [water(HC1)-ACN]; B%: 55%-
85%,10 minutes), concentrated under reduced pressure to remove ACN, then diluted with
aqueous NaHCO; 20ml and extracted with EtOAc 30 mL (10 mL x3). The combined organic
layers were washed with Brine 24 mL (8 mLx3), dried over Na>SQs, and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 1/1 to 0/1, Ethyl acetate : Methanol = 10/1 to 0/1) to
give 4-hexyldecyl 8-[2-[2-[2-(dimethylamino)ethoxy]ethoxy]ethyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (25 mg, 27.21 umol, 19.19% yield, 99% purity) as a colorless oil.

'H NMR (400 MHz, CDCl3), 4.04 (t, J=7.2 Hz, 4H), 3.50-3.61 (m, 8H), 2.67 (t, J=6.4 Hz,
2H), 2.55 (t, J=6.0 Hz, 2H), 2.40-2.50(m, 4 H), 2.25-2.35 (m, 10H), 1.55-1.65 (m, 8H), 1.40-
1.48 (m, 4H), 1.20-1.35 (m, 58H), 0.89 (t, J=6.8 Hz, 12H).

LCMS: (M+H"): 909.7 @ 3.641 min.

4.18: Synthesis of compound 2146
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Step 1:

To a solution of 4-hexyldecyl 6-[[6-(4-hexyldecoxy)-6-oxo-hexyl|Jamino]hexanoate (1 g, 1.44
mmol, 1 eq) in DMF (3 mL) was added K>COs3 (995.52 mg, 7.20 mmol, 5 eq), KI (478.28 mg,
2.88 mmol, 2 eq), and tert-butyl N-[2-[2-(2-bromoethoxy)ethoxy]ethyl]carbamate (1.80 g,
5.76 mmol, 354.38 pL, 4 eq). The mixture was stirred at 80 °C for 12 hours. The reaction
mixture was diluted with H,O 20 mL and extracted with EtOAc 60 mL (20 mLx3). The
combined organic layers were dried over NaxSQq, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate = 20/1 to 10/1) to compound 4-hexyldecyl 6-[2-[2-[2-(tert-
butoxycarbonylamino)ethoxy]ethoxy]ethyl-[6-(4- hexyldecoxy)-6-ox0-
hexyl]amino]hexanoate (0.5 g, 540.28 umol, 37.50% yield) as yellow oil.

Step 2:

To a solution of tert-butyl N-[2-[2-(2-hydroxyethoxy)ethoxy]ethyl]carbamate (1 g, 4.01
mmol, 1 eq) in DCM (50 mL) was added carbon tetrabromide (1.73 g, 5.21 mmol, 1.3 eq),
K2COs (720.68 mg, 5.21 mmol, 1.3 eq) and PPh;s (1.68 g, 6.42 mmol, 1.6 eq) in DCM (10
mL). The mixture was stirred at 25 °C for 5 hours. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO2, Petroleum ether/Ethyl acetate = 20/1 to 0/1) to give compound tert-
butyl N-[2-[2-(2-bromoethoxy)ethoxy] ethyl] carbamate (2.6 g, 8.33 mmol, 41.52% yield) as
white solid.

Step 3:

A solution of 4-hexyldecyl 6-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[6-(4-
hexyldecoxy)-6-oxo-hexylJamino]hexanoate (0.5 g, 540.28 umol, 1 eq) in HCl/dioxane (4 M,
9.35 mL, 69.23 eq) was stirred at 25 °C for 3 hours under N; atmosphere. The reaction
mixture was concentrated under reduced pressure to give compound 4-hexyldecyl 6-[2-[2-(2-
aminoethoxy) ethoxy]ethyl-[6-(4-hexyldecoxy)-6-oxo-hexylJamino]hexanoate (0.55 g, crude,
HCl) as yellow oil.

Step 4:

To a solution of 4-hexyldecyl 6-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[6-(4-hexyldecoxy)-6-
oxo- hexyl]amino]hexanoate (0.55 g, 638.20 umol, 1 eq, HCl), formaldehyde (5.45 g, 67.16
mmol, 5 mL, 37% purity, 105.23 eq) in MeOH (10 mL) added NaHCOs (160.85 mg, 1.91
mmol, 74.47 uL, 3 eq) at 25°C and stirred at 25°C for 15 minutes. Then AcOH (1.16 g, 19.23
mmol, 1.10 mL, 30.14 eq) and NaBH3CN (120.31 mg, 1.91 mmol, 3 eq) were added to the
mixture. The resulting mixture was stirred at 25°C for 3hours. The reaction mixture was
diluted with H,0O 20 mL and extracted with EtOAc 60 mL (20 mLx3). The combined organic
layers were dried over Na,SOq, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO», Ethyl acetate:MeOH =
1/0 to 10/1) to give compound 4-hexyldecyl 6-[2-[2-[2-(dimethylamino)ethoxy]ethoxy]ethyl-
[6-(4-hexyldecoxy)-6-ox0-hexyl]amino]hexanoate (227 mg, 266.00 pmol, 41.68% yield,
100% purity) as yellow oil.

'H NMR (400 MHz, CDCls), 4.04 (t, J=7.2 Hz, 4H), 3.61(s, 4H), 3.58 (t, J=6.4 Hz, 2H), 3.53
(t, J=6.4 Hz, 2H), 2.65 (t, J=6.4 Hz, 2H), 2.52 (t, J=5.6 Hz, 2H), 2.45 (t, J=7.2 Hz, 4H), 2.30
(t, J=7.6 Hz, 4H), 2.27 (s, 6H), 1.55-1.69 (m, 8H), 1.40-1.49 (m, 4H), 1.20-1.35 (m, 50H),
0.89 (t, J=6.4 Hz, 12H). LCMS: (M+H"): 853.7 @ 2.979 min.
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4.18: Synthesis of compound 2215
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Step 1:

A mixture of 2-hexyldecanoic acid (30 g, 116.99 mmol, 1 eq) in DCM (200 mL) was added
SOCIz (13.92 g, 116.99 mmol, 8.49 mL, 1.5 eq) was stirred at 25 °C for 12 hours under N»
atmosphere. The reaction mixture was concentrated under reduced pressure to give compound
2-hexyldecanoyl chloride (32 g, crude) as a yellow oil. The crude product was used to next
step directly for next step.

Step 2:

A mixture of hexane-1,6-diol (13.76 g, 116.42 mmol, 13.90 mL, 1 eq) in DCM (20 mL) and
THF (20 mL) was added TEA (11.78 g, 116.42 mmol, 16.20 mL, 1 eq) and 2-hexyldecanoyl
chloride (32 g, 116.42 mmol, 1 eq), then the mixture was stirred at 25 °C for 5 hours under N»
atmosphere. The reaction mixture was filtered and the filtrate was concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate = 10/1 to 1/1) to give compound 6-hydroxyhexyl 2-
hexyldecanoate (16 g, 44.87 mmol, 38.54% yield) as yellow oil.

'H NMR (400 MHz, CDCls), 4.07 (t, J = 6.4 Hz, 2H), 3.65 (t, J = 6.4 Hz, 2H), 2.31-2.36 (m,
1H), 1.57-1.66 (m, 6H), 1.35-1.45 (m, 6H), 1.20-1.30 (m, 20H), 0.88 (t, J = 6.8 Hz, 6H).

Step 3:

To a solution of 6-hydroxyhexyl 2-hexyldecanoate (12 g, 33.65 mmol, 1 eq) in DCM (150
mL) was added PCC (8.70 g, 40.38 mmol, 1.2 eq) at 15 °C, then stirred at 15 °C for 3 hours
under N> atmosphere. The reaction mixture was filtered and the filtrate was concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(81032, Petroleum ether/Ethyl acetate = 1/0 to 50/1) to give compound 6-oxohexyl 2-
hexyldecanoate (8.1 g, 22.84 mmol, 67.88% yield) as colorless oil.

'H NMR (400 MHz, CDCls), 9.76 (s, 1H), 4.07 (t, J = 6.4 Hz, 2H), 2.42-2.46 (m, 2H), 2.26-
2.34 (m, 1H), 1.55-1.70 (m, 6H), 1.36-1.46 (m, 4H), 1.24-1.28 (m, 20H), 0.87 (t, /= 6.8 Hz,
6H).

Step 4:
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A mixture of 6-oxohexyl 2-hexyldecanoate (7.7 g, 21.72 mmol, 2.5 eq), phenylmethanamine
(930.80 mg, 8.69 mmol, 946.90 pL, 1 eq) and sodium;triacetoxyboranuide (5.52 g, 26.06
mmol, 3 eq) in DCM (150 mL) was stirred at 15 °C for 3 hours under N> atmosphere. The
reaction mixture was extracted with EtOAc 90 mL (30 mLx3). The combined organic layers
were dried over NaxSQy, filtered and the filtrate was concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (SiO», Petroleum
ether/Ethyl acetate = 20/1 to 8/1) to give compound 6-[benzyl-[6-(2-
hexyldecanoyloxy)hexyl]Jamino]hexyl 2-hexyldecanoate (3 g, 3.83 mmol, 44.03% yield) as
colorless oil.

'H NMR (400 MHz, CDCls), 7.23-7.31 (m, 5H), 4.05 (t, J = 6.8 Hz, 4H), 3.54 (s, 2H), 2.40
(m, 4H), 2.28-2.35 (m, 2H), 1.59-1.62 (m, 8H), 1.40-1.47 (m, 8H), 1.26-1.32 (m, 48H), 0.88
(t, J=72 Hz, 12H). LCMS: (M+H"): 784.7.

Step S:

To a suspension of Pd/C(1 g, 10% purity) in THF (50 mL) was added 6-[benzyl-[6-(2-
hexyldecanoyloxy)hexyl]Jamino]hexyl 2-hexyldecanoate (3 g, 3.83 mmol, 1 eq) in THF (10
mL). The mixture was stirred at 15 °C for 12 hours under H» (15 Psi) atmosphere. The
reaction mixture was filtered and the filtrate was concentrated under reduced pressure to give
a residue. The residue was purified by column chromatography (SiOz, Petroleum ether/Ethyl
acetate = 10/1 to 5/1) to give compound 6-[6-(2-hexyldecanoyloxy)hexylamino]hexyl 2-
hexyldecanoate (2.1 g, 3.03 mmol, 79.09% yield) as colorless oil.

'H NMR (400 MHz, CDCls), 4.06 (t, J= 6.8 Hz, 4H), 2.56 (t, J = 7.2 Hz, 4H), 2.67-2.34 (m,
2H), 1.25-1.66 (m, 65H), 0.87 (t, J = 6.8 Hz, 12H).

Step 6:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (200 mg, 1.40 mmol, 1 eq) in DCM (8 mL)
was added DMF (19.00 mg, 259.94 umol, 0.02 mL, 1.86e-1 eq) and oxalyl dichloride (886.46
mg, 6.98 mmol, 611.35 uL, 5 eq) at 15 °C, then stirred at 15 °C for 3 hours under N»
atmosphere. The reaction mixture was concentrated under reduced pressure to give crude
product 3-pyrrolidin-1-ylpropanoyl chloride (200 mg, crude) as yellow oil. The crude product
was used to next step directly for next step.

Step 7:

To a solution of 3-pyrrolidin-1-ylpropanoyl chloride (186.27 mg, 1.15 mmol, 4 eq) in DCM (8
mL) was added 6-[6-(2-hexyldecanoyloxy)hexylamino]hexyl 2-hexyldecanoate (200 mg,
288.12 umol, 1 eq) and TEA (291.54 mg, 2.88 mmol, 401.02 uL, 10 eq) in DCM (8 mL) at 15
°C, then stirred at 15 °C for 12 hours under N, atmosphere. The reaction mixture was
extracted with EtOAc 150 mL (50 mL x 3). The combined organic layers were dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO, Petroleum ether/Ethyl acetate = 10/1 to 1/1, 10%
NHs-H>0) to give compound 6-[6-(2-hexyldecanoyloxy)hexyl-(3-pyrrolidin-1-
ylpropanoyl)amino]hexyl 2-hexyldecanoate (64 mg, 78.11 umol, 27.11% yield, 100% purity)
as yellow oil.

'H NMR (400 MHz, CDCl3), 4.06 (q, J = 6.4 Hz, 4H), 3.20-3.31 (m, 4H), 2.81 (t, /= 8.4 Hz,
2H), 2.52-2.56 (m, 6H), 2.27-2.35 (m, 2H), 1.78-1.81 (m, 4H), 1.50-1.66 (m, 14H), 1.26-1.45
(m, SOH), 0.88 (t, J = 6.8 Hz, 12H). LCMS: (M+H"): 819.6 @ 3.495 min.
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4.19: Synthesis of compound 2216
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Step 1:

PCT/US2022/050111

To a solution of 6-[6-(2-hexyldecanoyloxy)hexylamino]hexyl 2-hexyldecanoate (500 mg,

720.29 umol, 1 eq) in DMF (10 mL) was added tert-butyl N-[2-[2-(2-

bromoethoxy)ethoxy]Jethyl] carbamate (899.50 mg, 2.88 mmol, 4 eq), K»COs (497.74 mg,
3.60 mmol, 5 eq) and KI (239.14 mg, 1.44 mmol, 2 eq) at 15 °C. The mixture was degassed
and purged with N> for 3 times, and then stirred at 80 °C for 10 hours under N atmosphere.
The reaction mixture was diluted with 50 ml H>O and extracted with EtOAc 30 mL (15 mL x
2). The combined organic layers were dried over Na>SOs, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 10/1 to 5/1, 5% NH3-H»0) to give compound 6-[2-[2-
[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[6-(2-hexyldecanoyloxy)
hexyl]laminolhexyl 2-hexyldecanoate (430 mg, 464.64 pmol, 64.51% yield) as colorless oil.
'H NMR (400 MHz, CDCls), 5.04 (brs, 1H), 4.06 (t, J = 6.8 Hz, 4H), 3.60 (s, 4H), 3.52-3.56
(m, 4H), 3.32 (d, J = 4.8 Hz, 2H), 2.65 (t, J = 6.4 Hz, 2H), 2.44 (t, J = 7.2 Hz, 4H), 2.28-2.35
(m, 2H), 1.59-1.64 (m, 8H), 1.26-1.45 (m, 66H), 0.88 (t, J = 6.8 Hz, 12H).

LCMS: (M+H"): 925.8.

Step 2:
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To a solution of 6-[2-[2-[2-(tert-butoxycarbonylamino)ethoxy]ethoxy]ethyl-[6-(2-
hexyldecanoyloxy)hexyl]Jamino]hexyl 2-hexyldecanoate (430 mg, 464.64 umol, 1 eq) in
DCM (8 mL) was added TFA (3.08 g, 27.01 mmol, 2 mL, 58.14 eq) at 15 °C. The mixture
was degassed and purged with N for 3 times, and then stirred at 15 °C for 10 hours under N,
atmosphere. The reaction mixture was adjusted to pH=7.0 with aqueous saturated NaHCOs3
and extracted with EtOAc 50 mL (25 mL x 2). The combined organic layers were dried over
NaxSOq, filtered and concentrated under reduced pressure to give compound 6-[2-[2-(2-
aminoethoxy)ethoxy]ethyl-[6-(2-hexyldecanoyloxy)hexyl] amino]hexyl 2-hexyldecanoate
(350 mg, crude) as colorless oil. The crude product was used to next step.

Step 3:

To a solution of 6-[2-[2-(2-aminoethoxy)ethoxy]ethyl-[6-(2-hexyldecanoyloxy)hexyl]amino]
hexyl 2-hexyldecanoate (250 mg, 302.91 pmol, 1 eq) in MeOH (5 mL) was added
formaldehyde (5.45 g, 67.16 mmol, 5.00 mL, 37% purity, 221.71 eq) and NaBH(OAc)3
(192.60 mg, 908.72 pmol, 3 eq) at 15°C. The mixture was degassed and purged with N for 3
times, and then stirred at 15 °C for 10 hours under N» atmosphere. The reaction mixture was
adjusted to pH=7.0 with aqueous saturated NaHCOs3 and extracted with EtOAc 100 mL (50
mLx2). The combined organic layers were dried over Na;SOy, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 5/1 to 2/1, 5% NH3-H»0) to give compound 6-[2-[2-[2-
(dimethylamino)ethoxy]ethoxy]ethyl-[6-(2-hexyldecanoyloxy)hexylJamino] hexyl 2-
hexyldecanoate (66 mg, 76.18 umol, 25.15% yield, 98.5% purity) as colorless oil.

TH NMR (400 MHz, CDCl5), 4.06 (t, J= 6.4 Hz, 4H), 3.52-3.61 (m, 8H), 2.66 (t, /= 6.8 Hz,
2H), 2.52 (t, J = 6.0 Hz, 2H), 2.45(t, J = 7.2 Hz, 4H), 2.27-2.2 (m, 8H), 1.56-1.64 (m, 8H),
1.26-1.44 (m, 56H), 0.88 (t,J=7.2 Hz, 12H). LCMS: (M+H"): 853.7 @ 2.960 min.

4.20: Synthesis of compound 2225
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Step 1:

To a solution of 6-[6-(2-hexyldecanoyloxy)hexylamino]hexyl 2-hexyldecanoate (500 mg,
720.29 umol, 1 eq) in DMF (15 mL) was added 2-(2-bromoethyl)oxirane (435.06 mg, 2.88
mmol, 4 eq), K2COs (497.74 mg, 3.60 mmol, 5 eq) and KI (239.14 mg, 1.44 mmol, 2 eq) at 15
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°C and then stirred at 80 °C for 12 h under N> atmosphere. The reaction mixture was diluted
with H,O 20 mL and extracted with EtOAc 80 mL (40 mL x 2). The combined organic layers
were dried over NaxSQOq, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
5/1 to 0/1, 5% NH;3-H>0) to give compound 6-[6-(2-hexyldecanoyloxy)hexyl-[2-(oxiran-2-
yl)ethyl]amino]hexyl 2-hexyldecanoate (200 mg, crude) as colorless oil.

LCMS: (M+H"): 764.7 @ 1.072 min.

Step 2:

A mixture of 6-[6-(2-hexyldecanoyloxy)hexyl-[2-(oxiran-2-yl)ethyl Jamino]hexyl 2-
hexyldecanoate (150 mg, 196.27 umol, 1 eq) and Me;NH/THF (2 M, 8 mL, 81.52 eq) was
taken up into a microwave tube. The sealed tube was heated at 150 °C for 12 h under
microwave. The reaction mixture was concentrated under reduced pressure to give a residue.
The residue was purified by prep-HPLC (column: Phenomenex Luna C18 100 x 30mm x
Sum; mobile phase: [water(HCl)-MEOH]; B%: 60%-90%,10min), then adjusted the pH=8
with aqueous saturated NaHCOs and extracted with EtOAc(30 mLx3). The combined organic
layers were dried over Na,SOq, filtered and concentrated under reduced pressure to give
compound 6-[[4-(dimethylamino)-3-hydroxy-butyl]-[6-(2-hexyldecanoyloxy)hexyl Jamino]
hexyl 2-hexyldecanoate (30 mg, 37.07 umol, 18.89% yield, 100% purity) as yellow oil.

'H NMR (400 MHz, CDCls), 4.06 (t, J=6.8 Hz, 4H), 3.68-3.90 (m, 1H), 2.30-2.73 (m, 16H),
1.56-1.65 (m, 10H), 1.26-1.46 (m, 56H), 0.88 (t, J=6.8 Hz, 12H).

LCMS: (M+H"): 809.6 @ 3.202 min.

4.21: Synthesis of compound 2229
9}

H (0]
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2. (COCl),, DMF
DCM, 20°C, 8 h

compound 2229

To a solution of 3-(dimethylamino)propanoic acid (170 mg, 1.11 mmol, 1 eq, HCI) in DCM (5
mL) was added (COCl): (702.38 mg, 5.53 mmol, 484.40 pL, 5 eq) and DMF (8.09 mg,

110.67 umol, 8.51 pL, 0.1 eq), stirred at 20 °C for 12 hours. The mixture was concentrated
under reduced pressure to give 3-(dimethylamino)propanoyl chloride (191 mg, crude, HCI) as
a yellow solid.

To a solution of 4-hexyldecyl 8-[[8-(4-hexyldecoxy)-8-oxo-octyl JaminoJoctanoate (150 mg,
199.93 umol, 1 eq) in DCM (2 mL) was added TEA (141.62 mg, 1.40 mmol, 194.79 uL, 7 eq)
and 3-(dimethylamino)propanoyl chloride (190 mg, 1.10 mmol, 5.52 eq, HCI) at 0 °C, stirred
at 20 °C for 8 hours. The mixture was concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO, Ethyl acetate /MeOH = 50/1 to
1/1) to give 4-hexyldecyl 8-[3-(dimethylamino)propanoyl-[8-(4-hexyldecoxy)-8-oxo-
octylJaminoJoctanoate (39 mg, 45.91 umol, 22.97% yield) as colorless oil.
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'H NMR (400 MHz, CDCls), 4.02-4.07 (m, 4H), 3.28 (t, J=8.0 Hz, 2H), 3.21 (t, J=7.2 Hz,
2H), 2.68 (brs, 2H), 2.52 (brs, 2H), 2.25-2.32 (m, 10H), 1.55-1.66 (m, 8H), 1.48-1.55 (m, 4H),
1.24-1.35 (m, 58H), 0.89 (t, J=6.8 Hz, 12H). LCMS: (M+H"): 849.7 @ 3.383 min.

4.22: Synthesis of compound 2233
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Step 1:

To a solution of 2-pyrrolidin-1-ylacetic acid (100 mg, 774.25 umol, 1 eq) in DCM (5 mL) was
added (COCI); (491.38 mg, 3.87 mmol, 338.88 uL, 5 eq) and DMF (5.66 mg, 77.43 umol,
5.96 uL, 0.1 eq), stirred at 20 °C for 12 hours. The mixture was concentrated under reduced
pressure. 2-pyrrolidin-1-ylacetyl chloride (114 mg, crude) was obtained as a yellow solid. The
crude product was used for the next step without purification.

Step 2:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl JaminoJoctanoate (100 mg,
144.06 umol, 1 eq) in DCM (2 mL) was added TEA (58.31 mg, 576.24 umol, 80.20 uL, 4 eq)
and 2-pyrrolidin-1-ylacetyl chloride (106.06 mg, 576.24 umol, 4 eq, HCl) at 0 °C, stirred at 20
°C for 2 hours. LCMS showed the starting reactant consumed. The mixture was concentrated
under reduced pressure get a residue. The residue was purified by column chromatography
(Si0», Ethyl acetate /MeOH = 50/1 to 1/1) to give 4-pentylnonyl 8-[[8-ox0-8-(4-
pentylnonoxy)octyl]-(2-pyrrolidin-1-ylacetyl )Jamino] octanoate (58 mg, 72.02 pmol, 49.99%
yield) as yellow oil.

TH NMR (400 MHz, (CD;3),CO), 4.03 (t, J=6.8 Hz, 4H), 3.41 (t, J=7.6 Hz, 2H), 3.28 (t, J=7.2
Hz, 2H), 3.24 (s, 2H), 2.49-2.52 (m, 4H), 2.26-2.30 (m, 4H), 1.71-1.75 (m, 4H), 1.50-1.63 (m,
12H), 1.28-1.35 (m, S0H), 0.89 (t, J=6.8 Hz, 12H). LCMS: (M+H"): 805.7 @ 1.079 min.

4.23: Synthesis of compound 2234

o o
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intermediate B from 2120 0~20°C,10h
step 2

compound 2234

Step 1:

To a solution of 4-pyrrolidin-1-ylbutanoic acid (160 mg, 1.02 mmol, 1 eq) in DCM (5 mL)
was added (COCl); (645.91 mg, 5.09 mmol, 445.46 pL, 5 eq) and DMF (7.44 mg, 101.77
umol, 7.83 pL, 0.1 eq), and the reaction mixture was stirred at 20 °C for 2 hours. TLC showed
the starting reactant consumed (quenched with MeOH). The mixture was concentrated under
reduced pressure. 4-pyrrolidin-1-ylbutanoyl chloride (216 mg, crude, HCI) was obtained as a
yellow solid. The crude was used for next step directly.
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Step 2:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octylJamino]octanoate (170 mg,
244.90 umol, 1 eq) in DCM (2 mL) was added TEA (99.13 mg, 979.60 umol, 136.35 uL, 4
eq) and 4-pyrrolidin-1-ylbutanoyl chloride (207.79 mg, 979.60 umol, 4 eq, HCI) at 0 °C, and
stirred at 20 °C for 10 hours. The mixture was concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (Si0O., ethyl acetate /MeOH =
50/1 to 1/1) to give 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl]-(4-pyrrolidin-1-
ylbutanoyl)amino]octanoate (101 mg, 119.98 umol, 48.99% yield, 99% purity) as colorless
oil.

TH NMR (400 MHz, CDCls), 4.02-4.07 (m, 4H), 3.28 (t, J=8.0 Hz, 2H), 3.21 (t, J=8.0 Hz,
2H), 2.45-2.52 (m, 6H), 2.27-2.36 (m, 6H), 1.86 (t, J=7.2 Hz, 2H), 1.77 (brs, 4H), 1.58-1.66
(m, 8H), 1.48-1.55 (m, 4H), 1.24-1.35 (m, 50H), 0.89 (t, J=7.2 Hz, 12H).

LCMS: (M+H"): 833.7 @ 3.207 min.

4.24: Synthesis of compound 2235
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compound 2235

Step 1:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl JaminoJoctanoate (500 mg,
720.29 umol, 1 eq) in DCM (2 mL) was added TEA (364.43 mg, 3.60 mmol, 501.28 puL, 5 eq)
and prop-2-enoyl chloride (260.77 mg, 2.88 mmol, 234.93 uL, 4 eq) at 0 °C. Then the
reaction mixture was stirred at O °C for 2 hours. The mixture was concentrated under reduced
pressure to give the residue. The residue was purified by column chromatography (SiO»,
Petroleum ether/Ethyl acetate=20/1 to 1/1) to get 4-pentylnonyl 8-[[8-ox0-8-(4-
pentylnonoxy)octyl]-prop-2-enoyl-amino]octanoate (400 mg, crude) as colorless oil.

Step 2:

To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl]-prop-2-enoyl-
amino]octanoate (200 mg, 267.30 umol, 1 eq) in EtOH (2 mL) was added pyrrolidin-3-ol
(69.86 mg, 801.91 umol, 64.69 uL, 3 eq). Then the reaction mixture was stirred at 80 °C for 4
hours under M.W. condition. The mixture was concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO», Ethyl acetate /MeOH
=50/1 to 1/1) to give 4-pentylnonyl 8-[3-(3-hydroxypyrrolidin-1-yl)propanoyl-[8-oxo-8-(4-
pentylnonoxy)octylJamino]octanoate (88 mg, 104.29 umol, 39.02% yield, 99% purity) as
colorless oil.
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'H NMR (400 MHz, CDCls), 4.35-4.38 (m, 1H), 4.02-4.07 (m, 4H), 3.19-3.31 (m, 4H), 2.75-
2.99 (m, 4H), 2.50-2.59 (m, 2H), 2.35-2.40 (m, 1H), 2.25-2.30 (m, 4H), 2.15-2.25 (m, 1H),
1.70-1.85 (m, 1H), 1.45-1.66 (m, 13H), 1.24-1.35 (m, S0H), 0.89 (t, J=7.2 Hz, 12H).

LCMS: (M+H"): 835.8 @ 2.227 min.

4.25. Synthesis of compound 2237
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Step 1:

To a solution of NaH (1.17 g, 29.36 mmol, 60% purity, 1 eq) in THF (40 mL) was added
dropwise ethyl 2-diethoxyphosphorylacetate (9.87 g, 44.04 mmol, 8.74 mL, 1.5 eq) at 15 °C,
then stirred at 15 °C for 30 minutes, and then cooled to 0°C. Undecan-6-one (5 g, 29.36
mmol, 1 eq) was added dropwise to the mixture at O °C. The mixture was stirred for 30
minutes at 15°C and at 70 °C for 12 hours. The reaction mixture was quenched by addition
aqueous saturated NaHCO; 50 mL at 15 °C, then extracted with EtOAc 150 mL (50 mLx3).
The combined organic layers were washed with brine 100 mL (50 mL x 2), dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to 10/1) to
give compound ethyl 3-pentyloct-2-enoate (16.58 g, 68.97 mmol, 58.73% yield, 4 batches) as
a colorless oil.

TH NMR (400 MHz, CDCl3), 5.62 (s, 1H), 4.10-4.17 (m, 2H), 2.58-2.61 (m, 2H), 2.10-2.15
(m, 2H), 1.43-1.48 (m, 4H), 1.20-1.45 (m, 12H), 0.89 (t, J=6.8 Hz, 6H).

Step 2:

To a solution of ethyl 3-pentyloct-2-enoate (11.5 g, 47.84 mmol, 1 eq) in THF (100 mL) was
added DIBAL-H (1 M, 143.55 mL, 3.00 eq) at O °C. The mixture was stirred at 0 °C for 0.5
hour. The mixture was stirred at 15 °C for 12 hours. The reaction mixture was quenched by
addition Na;S0O4.10H20 (20g) at 0°C, then added 30 ml H>O and Na,SOs. After that filtered
and the filtrate was concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to 10/1) to
give compound 3-pentyloct-2-en-1-ol (7.8 g, 39.33 mmol, 82.20% yield) as a colorless oil.
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'H NMR (400 MHz, CDCl3), 5.38 (t, J=6.8 Hz, 1H), 4.10-4.17 (m, 2H), 2.00-2.06 (m, SH),
1.20-1.45 (m, 14H), 0.89 (t, J=6.8 Hz, 6H).

Step 3:

To a solution of 3-pentyloct-2-en-1-ol (5.8 g, 29.24 mmol, 1 eq) in DMSO (60 mL) was added
IBX (12.28 g, 43.86 mmol, 1.5 eq). The mixture was stirred at 30 °C for 3 hours. The reaction
mixture was quenched by addition H2O 60 mL at 15 °C, and then filtered to give filtrate and
extracted with EtOAc 180 mL (60 mLx3). The combined organic layers were washed with
brine 120 mL (60 mLx2), dried over Na>SOs, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate=1/0 to 80/1) to give compound 3-pentyloct-2-enal (2.7 g, 13.75
mmol, 47.03% yield) as a colorless oil.

TH NMR (400 MHz, CDCl5), 9.99 (d, J=8.0 Hz, 1H), 5.86 (d, J=8.4 Hz, 1H), 2.55 (t, J=8.0
Hz, 2H), 2.21 (t, J=6.8 Hz, 2H), 1.31-1.53 (m, 12H), 0.89 (t, J=6.8 Hz, 6H).

Step 4:

To a solution of NaH (825.07 mg, 20.63 mmol, 60% purity, 1.5 eq) in THF (30 mL) was
added dropwise ethyl 2-diethoxyphosphorylacetate (6.17 g, 27.50 mmol, 5.46 mL, 2 eq) at 15
°C and stirred at 15 °C for 30 minutes, then cooled to 0°C. 3-pentyloct-2-enal (2.7 g, 13.75
mmol, 1 eq) was added dropwise to the mixture. The mixture was stirred at 15°C for 30
minutes and at 70°C for 12 hours. The reaction mixture was quenched by addition NaHCOs3
50 mL at 15 °C, and then extracted with EtOAc 150 mL (50 mLx3). The combined organic
layers were washed with brine 100 mL (50 mL x2), dried over Na>SQq, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to 40/1) to give compound ethyl
5-pentyldeca-2,4-dienoate (3.5 g, 13.14 mmol, 95.53% yield) as a colorless oil.

TH NMR (400 MHz, CDCls), 7.55-7.62 (m, 1H), 5.97 (d, J=11.6 Hz, 1H), 5.78 (d, J=15.2 Hz,
1H), 4.17-4.23 (m, 2H), 2.27 (t, J=7.6 Hz, 2H), 2.14 (t, J=7.2 Hz, 2H), 1.26-1.50 (m, 16H),
0.89 (t, J=6.8 Hz, 6H).

Step S:

To a solution of Pd/C (500 mg, 13.14 mmol, 10% purity, 1 eq) in EtOH (35 mL) was added
ethyl S-pentyldeca-2,4-dienoate (3.5 g, 13.14 mmol, 1 eq) under N, atmosphere. The
suspension was degassed and purged with H, for 3 times. The mixture was stirred under H,
(15 Pst) at 15 °C for 12 hours. The reaction mixture was filtered and concentrated under
reduced pressure to give compound ethyl S-pentyldecanoate (2.5 g, 9.24 mmol, 70.36% yield)
as a colorless oil.

'H NMR (400 MHz, CDCls), 4.10-4.16 (m, 2H), 2.27 (t, J=7.2 Hz, 2H), 1.57-1.62 (m, 2H),
1.23-1.32 (m, 22H), 0.89 (t, J=6.8 Hz, 6H).

Step 6:

To a solution of ethyl S-pentyldecanoate (2.5 g, 9.24 mmol, 1 eq) in THF (50 mL) and H>O
(10 mL) added LiOH.H20 (581.86 mg, 13.87 mmol, 1.5 eq). The mixture was stirred at 70 °C
for 12 hours. The reaction mixture was concentrated under reduced pressure to get a residue.
The residue was extracted with PE 150 mL (50 mLx3). The aqueous phase was dropwise
added 1M HCI until the pH was 6~7 and extracted with EtOAc 150 mL (50 mLx3). The
combined organic layers were washed with brine 100 mL (50 mLx2), dried over NaxSOs,
filtered and concentrated under reduced pressure to give compound S-pentyldecanoic acid
(1.95 g, 8.02 mmol, 86.80% yield) as a colorless oil.
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'H NMR (400 MHz, CDCls), 2.34 (t, J=7.6 Hz, 2H), 1.57-1.62 (m, 2H), 1.23-1.32 (m, 20H),
0.89 (t, J=6.8 Hz, 6H).

Step 7:

To a solution of 5-pentyldecanoic acid (1.9 g, 7.84 mmol, 1 eq) and 7-bromoheptan-1-ol (1.84
g, 9.41 mmol, 1.2 eq) in DCM (30 mL) was added EDCI (2.25 g, 11.76 mmol, 1.5 eq) and
DMAP (478.80 mg, 3.92 mmol, 0.5 eq). The mixture was stirred at 15 °C for 12 hours. The
reaction mixture was filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to
80/1) to give compound 7-bromoheptyl 5-pentyldecanoate (3 g, 7.15 mmol, 91.24% yield) as
a colorless oil.

'H NMR (400 MHz, CDCls), 4.05-4.15 (m, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.28 (t, J=7.2 Hz,
2H), 1.86-1.88 (m, 2H), 1.57-1.80 (m, 4H), 1.23-1.32 (m, 26H), 0.89 (t, J=6.8 Hz, 6H).

Step 8:

To a solution of phenylmethanamine (377.50 mg, 3.52 mmol, 384.03 pL, 1 eq) in DMF (75
mL) was added K»COs (2.43 g, 17.62 mmol, 5 eq) and KI (1.46 g, 8.81 mmol, 2.5 eq), then a
solution of 7-bromoheptyl 5-pentyldecanoate (3 g, 7.15 mmol, 2.03 eq) in DMF (30 mL) was
added to the mixture. The mixture was stirred at 80 °C for 8 hours. The reaction mixture was
quenched by addition HO 100 mL at 15 °C, and then extracted with EtOAc 150 mL (50
mLx3). The combined organic layers were washed with brine 100mL (50 mLx2), dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 10/1 to 3/1) to
give compound 7-[benzyl-[7-(5-pentyl decanoyloxy)heptyl]amino] heptyl S-pentyldecanoate
(1.5 g, 1.91 mmol, 54.29% yield) as a colorless oil.

Step 9:

A solution of 7-[benzyl-[ 7-(5-pentyldecanoyloxy)heptyl Jamino]heptyl 5-pentyldecanoate (1.5
g, 1.91 mmol, 1 eq) and Pd/C (150 mg, 10% purity) in THF (10 mL) was stirred under H» (15
Psi) at 15 °C for 8 hours. The reaction mixture was filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate = 10/1 to 0/1) to give compound 7-[7-(5-pentyldecanoyloxy)
heptylamino]heptyl S-pentyldecanoate (391 mg, 563.27 umol, 29.45% yield) as colorless oil.
'H NMR (400 MHz, CDCls), 4.06 (t, J=6.8 Hz, 2H), 2.59 (t, J=7.2 Hz, 2H), 2.28 (t, J=7.2 Hz,
4H), 1.58-1.66 (m, 7H), 1.48-1.55 (m, SH), 1.22-1.35 (m, 44H), 0.89 (t, J=6.8 Hz, 12H).

Step 10:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (170 mg, 1.19 mmol, 1 eq) in DCM (5 mL)
was added (COCl)2 (753.49 mg, 5.94 mmol, 519.65 pL, 5 eq) and DMF (8.68 mg, 118.73
umol, 9.14 pL, 0.1 eq). The mixture was stirred at 15 °C for 2 hours. The reaction mixture
was concentrated under reduced pressure to give a compound 3-pyrrolidin-1-ylpropanoyl
chloride (235.19 mg, 1.19 mmol, crude, HCI salt) as a yellow solid.

Step 11:

To a solution of 7-[7-(5-pentyldecanoyloxy)heptylamino]heptyl S-pentyldecanoate (150 mg,
216.09 umol, 1 eq) in DCM (5 mL) was added TEA (153.06 mg, 1.51 mmol, 210.54 pL, 7 eq)
and 3-pyrrolidin-1-ylpropanoyl chloride (235.19 mg, 1.19 mmol, 5.49 eq, HCI) at 0 °C. The
mixture was stirred at 15 °C for 8 hours. The reaction mixture was filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 10/1 to 0/1) to give compound 7-[7-(5-
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pentyldecanoyloxy)heptyl-(3-pyrrolidin-1-ylpropanoyl)amino]heptyl 5-pentyldecanoate (29
mg, 35.39 umol, 16.38% yield) as a yellow oil.

TH NMR (400 MHz, CDCls), 4.03-4.09 (m, 4H), 3.29 (t, J=8.0 Hz, 2H), 3.23 (t, J=7.2 Hz,
2H), 2.41-3.10 (m, 8H), 2.25-2.30 (m, 4H), 1.70-2.05 (brs, 4H), 1.58-1.66 (m, 8H), 1.48-1.55
(m, 4H), 1.17-1.35 (m, 50H), 0.89 (t, J=6.8 Hz, 12H. LCMS: (M+H"): 819.6 @ 3.180 min.

4.26. Synthesis of compound 2238
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Step 1:

To a solution of ethyl 4-pentylnonanoate (1.2 g, 4.68 mmol, 1 eq) in THF (10 mL) was added
a solution of LiIOH.H>0 (294.57 mg, 7.02 mmol, 7.05 mL, 1.5 eq) in H20 (2 mL), the mixture
was stirred at 70 °C for 8 hours. The mixture was added H>O (20 mL) at 0 °C, then
concentrated under reduced pressure to removed THF. The water phase was extracted with
petroleum ether (10 mLx3), then adjust the pH = ~3 with 1N aq.HCI and extracted with
EtOAc (20 mLx2). The combined organic layer was washed with brine (50 mLx2), dried over
NaxSOq, filtered and the filtrate was concentrated under reduced pressure to give the 4-
pentylnonanoic acid (1 g, crude) as colorless oil.

Step 2:

To a solution of 4-pentylnonanoic acid (1 g, 4.38 mmol, 1 eq) and 8-bromooctan-1-ol (1.01 g,
4.82 mmol, 825.65 uL, 1.1 eq) in DCM (5 mL) was added DMAP (267.48 mg, 2.19 mmol,
0.5 eq) and EDCI (1.26 g, 6.57 mmol, 1.5 eq), and stirred at 20 °C for 12 hours. The mixture
was added into H2O (5 mL) and extracted with EtOAc (5 mLx3). The organic layer was
washed with brine (5 mLx2), dried over Na,SOy, filtered and the filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography (Si0»,
Petroleum ether/Ethyl acetate=5/1 to 0/1) to give 8-bromooctyl 4-pentylnonanoate (1.7 g, 4.05
mmol, 92.55% yield) as colorless oil.

Step 3:

To a solution of BnNH; (210 mg, 1.96 mmol, 213.63 uL, 1 eq) in DMF (5 mL) was added
K2COs5 (1.35 g, 9.80 mmol, 5 eq) and KI (813.33 mg, 4.90 mmol, 2.5 eq). Then a solution of
8-bromooctyl 4-pentylnonanoate (1.67 g, 3.97 mmol, 2.03 eq) in DMF (5 mL) was added to
the mixture and stirred at 80 °C for 12 hours. The mixture was filtered and the filtrate was
poured into H>O (50 mL) and extracted with EtOAc (10 mL*3). The combined organic layer
was washed with brine (10 mLx2), dried over NaxSOy, filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 100/1 to 20/1) to give 8-[benzyl-[8-(4-
pentylnonanoyloxy)octyl JaminoJoctyl 4-pentylnonanoate (700 mg, 892.53 umol, 45.54%
yield) as yellow oil.
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Step 4:

To a solution of Pd/C (100 mg, 892.53 umol, 10% purity, 1 eq) in THF (50 mL) was added 8-
[benzyl-[8-(4-pentylnonanoyloxy)octyl]amino]octyl 4-pentylnonanoate (700 mg, 892.53
umol, 1 eq), and was stirred at 20 °C for 8 hours under H» under 15 Psi. The mixture was
filtered and the filtrate was concentrated under reduced pressure to give 8-[8-(4-
pentylnonanoyloxy)octylamino]octyl 4-pentylnonanoate (300 mg, 432.18 pmol, 48.42%
yield) as brown oil.

TH NMR (400 MHz, CDCls), 4.06 (t, J=6.4 Hz, 4H), 2.60 (t, J=7.6 Hz, 4H), 2.25-2.30 (m,
4H), 1.45-1.66 (m, 16H), 1.20-1.31 (m, 46H), 0.89 (t, J=6.8 Hz, 12H).

Step S:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (320.00 mg, 2.23 mmol, 1 eq) in DCM (5
mL) was added (COCl)2 (1.42 g, 11.17 mmol, 978.19 uL, 5 eq) and DMF (16.33 mg, 223.49
umol, 17.19 pL, 0.1 eq), and was stirred at 20 °C for 2 hours. The mixture was concentrated
under reduced pressure to give 3-pyrrolidin-1-ylpropanoyl chloride (443 mg, crude) as a
yellow solid.

Step 6:

To a solution of 8-[8-(4-pentylnonanoyloxy)octylamino]octyl 4-pentylnonanoate (300 mg,
432.18 umol, 1 eq) in DCM (2 mL) was added TEA (306.12 mg, 3.03 mmol, 421.08 pL, 7 eq)
and 3-pyrrolidin-1-ylpropanoyl chloride (428.05 mg, 2.16 mmol, 5 eq, HCI) at 0 °C, and was
stirred at 20 °C for 12 hours. The mixture was concentrated under reduced pressure to get a
residue. The residue was purified by column chromatography (SiO», Ethyl acetate/MeOH =
50/1 to 1/1) to give 8-[8-(4-pentylnonanoyloxy)octyl-(3-pyrrolidin-1-ylpropanoyl)amino]octyl
4-pentylnonanoate (34 mg, 40.67 umol, 9.41% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 4.02-4.07 (m, 4H), 3.28 (t, J=7.6 Hz, 2H), 3.22 (t, J=7.6 Hz,
2H), 2.78-2.83 (m, 2H), 2.56 (brs, 6H), 2.25-2.30 (m, 4H), 1.81 (brs, 4H), 1.58-1.66 (m, 8H),
1.48-1.55 (m, 4H), 1.24-1.35 (m, 50H), 0.89 (t, J=6.8 Hz, 12H).

LCMS: (M+H"): 819.8 @ 2.258 min.

4.26. Synthesis of compound 2239
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Step 1:

To a solution of 3-(diethylamino)propanoic acid (130 mg, 715.62 umol, 1 eq, HCI) in DCM
(5 mL) was added (COCI); (363.33 mg, 2.86 mmol, 250.57 uL, 4 eq) and DMF (5.23 mg,
71.56 pmol, 5.51 uL, 0.1 eq), then the mixture was stirred at 20 °C for 2 hours. The mixture
was concentrated under reduced pressure. 3-(diethylamino)propanoyl chloride (150 mg,
crude, HCI) was obtained as a yellow solid.

Step 2:
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To a solution of 4-pentylnonyl 8-[[8-ox0-8-(4-pentylnonoxy)octyl]amino]octanoate (130 mg,
187.28 umol, 1 eq) in DCM (2 mL) was added TEA (94.75 mg, 936.38 umol, 130.33 pL, 5
eq) and 3-(diethylamino)propanoyl chloride (149.90 mg, 749.10 umol, 4.00 eq, HCI) at 0 °C,
then the mixture was stirred at 20 °C for 12 hours. The mixture was concentrated under
reduced pressure. The residue was purified by column chromatography (SiOa, Petroleum ether
: Ethyl acetate = 10/1 to 0/1). 4-pentylnonyl 8-[3-(diethylamino)propanoyl-[8-oxo-8-(4-
pentylnonoxy)octyl Jamino]octanoate (70 mg, 83.52 umol, 44.60% yield, 98% purity) was
obtained as colorless oil.

TH NMR (400 MHz, CDCls), 4.02-4.07 (m, 4H), 3.28 (t, J=7.6 Hz, 2H), 3.22 (t, J=8.0 Hz,
2H), 2.78-1.83 (m, 2H), 2.52-2.57 (m, 4H), 2.35-2.48 (m, 2H), 2.27-2.30 (m, 4H), 1.58-1.66
(m, 8H), 1.48-1.55 (m, 4H), 1.24-1.35 (m, 50H), 1.01-1.07 (m, 6H), 0.89 (t, J=7.2 Hz, 12H).
LCMS: (M+H"): 821.9 @ 2.562 min.

4.27: Synthesis of compound 2241

_fer o Br
100 c 15h N2H4 H2O
DMF TBAB
step 1 70°C, 10 h EtOH,15-60 °C, 2 h

step 3
step 2 P
LiOH. HZO HxO

)K/\/\/\/ $0Ch, MeOH )J\/\/\/\/ BnNH,, KoCO3
MeOH THF
0-80 C8h KI DMF N 0/15 C. 10 h
step 4 Sostgp ;O h step 6
0] Elin 0]
NJI\/\/\/\/N\/\/\/\)J\N
o l|3n 5, EDCI, DMAP
HOJ\/\/\/\/N\/\/\/\)I\ oH TEA, DCM
0-20 °C,10 h
step 7 o
Q 0] N/\)J\CI
Hy, PAIC, 15 Psi HJ\/W\/H\/\/\/\)LH C/
_—
THF, 20°C. 8 intermediate E TEA, DCM, 20°C, 4h
step step 10
Chono
o) ~ o o 0
(COCl),, DMF
NJK/\/\/\/N\/\/\/\)J\N N/\)J\OH _ B PV N/\)J\CI
DCM, 20°C,2h
compound 2241 step 9

Step 1:

A mixture of 4-pentylnonan-1-ol (10 g, 46.64 mmol, 1 eq) and HBr (74.50 g, 368.30 mmol,
50 mL, 40% purity, 7.90 eq) was stirred at 100 °C for 15 hours under N> atmosphere. The
reaction mixture was diluted with H2O 50 mL extracted with EtOAc 400 mL (200 mL x 2).
The combined organic layers were dried over Na;SOys, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 1/0 to 8/1) to give compound 6-(3-
bromopropyl)undecane (9.68 g, 34.91 mmol, 74.84% yield) as colorless oil.

'H NMR (400 MHz, CDCl5), 3.40 (t, ] = 6.8 Hz, 2H), 1.80-1.86 (m, 2H), 1.25-1.39 (m, 19H),
0.88 (t, J=6.8 Hz, 6H).

Step 2:

A mixture of 6-(3-bromopropyl)undecane (9.68 g, 34.91 mmol, 1 eq),
tetrabutylammonium;bromide (2.25 g, 6.98 mmol, 0.2 eq) and (1,3-dioxoisoindolin-2-
yDpotassium (9.70 g, 52.37 mmol, 1.5 eq) in DMF (150 mL)was stirred at 70 °C for 10 hours
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under N> atmosphere. The reaction mixture was filtered and diluted with aqueous saturated
NaCl 150 mL extracted with EtOAc 500 mL (250 mLx2). The combined organic layers were
washed with brine 750 mL (250 mLx3) and dried over NaySQOq, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(81032, Petroleum ether/Ethyl acetate = 8/1 to 5/1) to give compound 2-(4-
pentylnonyl)isoindoline-1,3-dione (10.4 g, 30.28 mmol, 86.73% yield) as colorless oil.

TH NMR (400 MHz, CDCl5), 7.84-7.86 (m, 2H), 7.27-7.72 (m, 2H), 3.66 (t, ] = 6.8 Hz, 2H),
1.64-1.68 (m, 2H), 1.22-1.39 (m, 19H), 0.87 (t, J=6.8 Hz, 6H).

Step 3:

To a solution of 2-(4-pentylnonyl)isoindoline-1,3-dione (10.4 g, 30.28 mmol, 1 eq) in EtOH
(120 mL) was added dropwise hydrazine;hydrate (20.52 g, 327.87 mmol, 19.92 mL, 80%
purity, 10.83 eq) at 15 °C. The mixture was degassed and purged with N» for 3 times, and then
stirred at 60 °C for 2 hours under N> atmosphere. The mixture was filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetat e= 3/1 to 0/1, 5% NH3-H>O) to give compound 4-
pentylnonan-1-amine (3.76 g, 17.62 mmol, 58.20% yield) as colorless oil.

'H NMR (400 MHz, CDCl3), 2.66 (t, ] = 6.8 Hz, 2H), 1.38-1.40 (m, 2H), 1.23-1.30 (m, 19H),
1.16 (s, 2H), 0.88 (t, J=6.8 Hz, 6H).

Step 4:

To a solution of 8-bromooctanoic acid (10 g, 44.82 mmol, 1 eq) in MeOH (150 mL) was
added dropwise SOCl; (16.00 g, 134.46 mmol, 9.75 mL, 3 eq) at 0 °C. The mixture was
degassed and purged with N for 3 times, and then stirred at 80 °C for 8 hours under N>
atmosphere. The reaction mixture was concentrated under reduced pressure to give crude
product methyl 8-bromooctanoate (8 g, crude) as colorless oil and used into the next step
without further purification.

Step S:

A mixture of methyl 8-bromooctanoate (8 g, 33.74 mmol, 2 eq), phenylmethanamine (1.81 g,
16.87 mmol, 1.84 mL, 1 eq), K2COs3 (11.66 g, 84.34 mmol, 5 eq) and KI(7.00 g, 42.17 mmaol,
2.5 eq) in DMF (250 mL) was stirred at 80 °C for 10 hours under N atmosphere. The reaction
mixture was filtered and diluted with H>O 300 mL then extracted with EtOAc 1000 mL (250
mLx4). The combined organic layers were dried over Na;SOy, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 0/1 to 1/1) to give compound methyl 8-[benzyl-(8-
methoxy-8-oxo0-octyl)Jamino]octanoate (4 g, 9.53 mmol, 56.51% yield) was obtained as
colorless oil.

TH NMR (400 MHz, CDCl3), 7.22-7.33 (m, SH), 3.67 (s, 6H), 3.53 (s, 2H), 2.38 (, ] = 6.8
Hz, 4H), 2.30 (t, ] = 6.8 Hz, 4H), 1.57-1.62 (m, 4H), 1.43-1.46 (m, 4H), 1.27-1.38 (m, 12H).

Step 6:

To a solution of methyl 8-[benzyl-(8-methoxy-8-oxo-octyl)amino]octanoate (4 g, 9.53 mmol,
1 eq) in THF (10 mL) and MeOH (30 mL) was added dropwise NaOH (1.30 g, 32.51 mmol,
3.41 eq) in H20 (10 mL) at 15 °C. The mixture was degassed and purged with N> for 3 times,
and then stirred at 15 °C for 10 hours under Nz atmosphere. The reaction mixture was adjusted
to pH=3.0 with 1N HCI 23 mL and extracted with EtOAc/MeOH = 10/1 200 mL (100 mLx2).
The combined organic layers were concentrated under reduced pressure to give compound 8-
[benzyl(7-carboxyheptyl)Jamino]octanoic acid (3.2 g, 8.17 mmol, 85.73% yield) as colorless
oil.
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Step 7:

To a solution of 8-[benzyl(7-carboxyheptyl )Jamino]octanoic acid (3 g, 7.66 mmol, 1 eq) and 4-
pentylnonan-1-amine (3.60 g, 16.86 mmol, 2.2 eq) in DCM (150 mL) was added EDCI (4.41
g, 22.99 mmol, 3 eq), DMAP (468.03 mg, 3.83 mmol, 0.5 eq) and TEA (2.33 g, 22.99 mmol,
3.20 mL, 3 eq) at 0 °C. The mixture was degassed and purged with N, for 3 times, and then
stirred at 20 °C for 10 hours under N atmosphere. The reaction mixture was diluted with H,O
100 mL and extracted with EtOAc 800 mL (400 mLx2). The combined organic layers were
dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 10/1
to 5/1, 5% NH;3-H»0) to give compound 8-[benzyl-[8-ox0-8-(4-pentylnonylamino)octyl]
amino]-N-(4-pentylnonyl)octanamide (2.87 g, 3.67 mmol, 47.88% yield) as colorless oil.

TH NMR (400 MHz, CDCl3), 7.23-7.31 (m, 5H), 5.50 (brs, 2H), 3.53 (s, 2H), 3.21 (q, J =8
Hz, 4H), 2.38 (t, ] = 6.8 Hz, 4H), 2.14 (t, ] = 6.8 Hz, 4H), 1.57-1.62 (m, 4H), 1.42-1.48 (m,
8H), 1.22-1.32 (m, S0H), 0.88 (t, J=6.8 Hz, 12H).

Step 8:

To a suspension of Pd/C (1 g, 3.58 mmol, 10% purity) in THF (20 mL) was added 8-[benzyl-
[8-0x0-8-(4-pentylnonylamino)octyl Jamino]-N-(4-pentylnonyl)octanamide (2.8 g, 3.58 mmaol,
1 eq) in THF (30 mL). The mixture was stirred at 20 °C for 8 hours under H> (15 Psi)
atmosphere. The reaction mixture was filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (Si0a, Petroleum
ether/Ethyl acetate = 10/1 to 1/1, 5% NH3 -Hz0O) to give compound 8-[[8-oxo0-8-(4-
pentylnonylamino)octyl Jamino]-N-(4-pentylnonyl)octanamide (2 g, 2.89 mmol, 80.73%
yield) as a white solid.

TH NMR (400 MHz, CDCls), 5.45 (brs, 2H), 3.22 (q, J = 8 Hz, 4H), 2.55 (t, ] = 6.8 Hz, 4H),
2.14 (1, ] = 6.8 Hz, 4H), 1.50-1.63 (m, 4H), 1.44-1.48 (m, 8H), 1.22-1.32 (m, 50H), 0.89 (t,
J=6.8 Hz, 12H).

Step 9:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (70 mg, 488.88 umol, 1 eq) in DCM (9 mL)
was added DMF (19.00 mg, 259.94 umol, 0.02 mL, 5.32e-1 eq) and oxalyl dichloride (310.26
mg, 2.44 mmol, 213.97 uL, 5 eq) at 20 °C. The mixture was degassed and purged with N for
3 times, and then stirred at 20 °C for 2 hours under N> atmosphere. The reaction mixture was
concentrated under reduced pressure to give crude product 3-pyrrolidin-1-ylpropanoyl
chloride (80 mg, crude, HCI) as yellow solid and used into the next step without further
purification.

Step 10:

To a solution of 8-[[8-ox0-8-(4-pentylnonylamino)octyl Jamino]-N-(4-pentylnonyl)octanamide
(100 mg, 144.47 umol, 1 eq) and TEA (43.86 mg, 433.41 umol, 60.32 puL, 3 eq) in DCM (8
mL) was added dropwise 3-pyrrolidin-1-ylpropanoyl chloride (70.05 mg, 433.41 pmol, 3 eq,
HCl) in DCM (2 mL) at 20 °C. The mixture was degassed and purged with N for 3 times, and
then stirred at 20 °C for 4 hours under N atmosphere. The reaction mixture was diluted with
H>0O 10 mL extracted with EtOAc 40 mL (20 mLx2). The combined organic layers were dried
over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate=4/1 to 1/1, 5%
NHj3-H>0) to give crude product. Then the crude product was purified by prep-TLC (SiOs,
Petroleum ether/Ethyl acetate = 0/1, 5% NH3-H20) to give compound 8-[[8-ox0-8-(4-
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pentylnonylamino)octyl]-(3-pyrrolidin-1-ylpropanoyl)amino]-N-(4-pentylnonyl)octanamide
(23 mg, 28.14 umol, 19.48% yield, 100% purity) as colorless oil.

IH NMR (400 MHz, CDCl5), 5.58-5.65 (m, 2H), 3.18-3.30 (m, 8H), 2.82 (t, J = 8.0 Hz, 2H),
2.50-2.57 (m, 6H), 2.12-2.17 (m, 4H), 1.80 (s, 4H), 1.59-1.64 (m, 4H), 1.44-1.52 (m, SH),
1.22-1.32 (m, 50H), 0.88 (t, J=6.8 Hz, 12H). LCMS: (M+H"): 817.7 @ 3.041 min.

4.28. Synthesis of compound 2242
0]
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compound 2242

Step 1:

To a solution of 8-[[8-ox0-8-(4-pentylnonylamino)octyl Jamino]-N-(4-pentylnonyl)octanamide
(500 mg, 722.34 umol, 1 eq) in H2O (15 mL) and dioxane (15 mL)was added (Boc):O
(236.47 mg, 1.08 mmol, 248.92 uL, 1.5 eq) and NaxCOs (153.12 mg, 1.44 mmol, 2 eq) at 20
°C. The mixture was degassed and purged with N> for 3 times, and then stirred at 20 °C for 6
hours under N> atmosphere. The reaction mixture was diluted with HO 15 mL extracted with
EtOAc 100 mL (50 mL x 2). The combined organic layers were dried over NaxSOs, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiO», Petroleum ether/Ethyl acetate = 8/1 to 3/1, 5% NH3-H»0) to
give compound tert-butyl N,N-bis[8-ox0-8-(4-pentylnonylamino)octyl]carbamate (425 mg,
536.41 umol, 74.26% yield) as colorless oil.

Step 2:

To a solution of tert-butyl N,N-bis[8-ox0-8-(4-pentylnonylamino)octyl|carbamate (325 mg,
410.19 umol, 1 eq) in DMF (15 mL) was added NaH (82.03 mg, 2.05 mmol, 60% purity, 5
eq) at 0 °C. The mixture was degassed and purged with N for 3 times, and then stirred at 0 °C
for 0.5 hour under N; atmosphere. Then to the mixture was added dropwise Mel (1.16 g, 8.20
mmol, 510.72 uL, 20 eq) in DMF (5 mL) at 20 °C. The mixture was degassed and purged
with N for 3 times, and then stirred at 60 °C for 4 hours under N, atmosphere. The reaction
mixture was quenched by addition H,O 20 mL at 0 °C, and extracted with EtOAc 200 mL
(100 mL x 2). The combined organic layers were washed with brine 100 mL, dried over
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Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiOz, Petroleum ether/Ethyl acetate = 10/1 to 5/1, 5%
NH3-H>0) to give compound tert-butyl N,N-bis[8-[methyl(4-pentylnonyl )amino]-8-oxo-
octyl]carbamate (245 mg, 298.65 umol, 72.81% yield) as colorless oil.

TH NMR (400 MHz, CDCls), 3.34 (t, ] = 8 Hz, 2H), 3.23 (t, J = 8 Hz, 2H), 3.13 (s, 4H), 2.97
(s, 3H), 2.91 (s, 3H), 2.29 (q, J = 4.8 Hz, 4H), 1.60-1.68 (m, 4H), 1.46-1.50 (m, 17H), 1.22-
1.33 (m, 50H), 0.89 (t, J=6.8 Hz, 12H).

Step 3:

To a solution of tert-butyl N,N-bis[8-[methyl(4-pentylnonyl)amino]-8-oxo-octyl|carbamate
(105 mg, 127.99 umol, 1 eq) in DCM (9 mL)was added dropwise TFA (1.54 g, 13.51 mmol,
1.00 mL, 105.52 eq) at 20 °C. The mixture was degassed and purged with N for 3 times, and
then stirred at 20 °C for 6 hours under N atmosphere. The reaction mixture was adjusted to
pH = 7.0 with sat. NaHCOs aq. and extracted with EtOAc 150 mL (50 mLx3). The combined
organic layer was dried over NaxSOys, filtered and concentrated under reduced pressure to give
a residue. The residue was purified by column chromatography (SiOz, Petroleum ether/Ethyl
acetate = 3/1 to 0/1, 5% NH3-H>O) to give compound N-methyl-8-[[8-[methyl(4-
pentylnonyl)amino]-8-oxo-octylJamino]-N-(4-pentylnonyl )octanamide (150 mg, 208.26
umol, 81.36% yield) as colorless oil.

TH NMR (400 MHz, CDCls), 3.34 (t, ] = 8 Hz, 2H), 3.23 (t, J = 8 Hz, 2H), 2.97 (s, 3H), 2.91
(s, 3H), 2.60 (t, J = 8 Hz, 4H), 2.29 (q, J = 4.8 Hz, 4H), 1.46-1.55 (m, 12H), 1.22-1.33 (m,
SO0H), 0.89 (t, J=6.8 Hz, 12H).

Step 4:

To a solution of 3-pyrrolidin-1-ylpropanoic acid (50 mg, 349.20 umol, 1 eq) in DCM (8 mL)
was added DMF (7.92 mg, 108.31 umol, 8.33 pL, 0.31 eq) and oxalyl dichloride (221.61 mg,
1.75 mmol, 152.84 pL, 5 eq) at 20 °C. The mixture was stirred at 20 °C for 6 hours under N»
atmosphere. The reaction mixture was concentrated under reduced pressure to give crude
product 3-pyrrolidin-1-ylpropanoyl chloride (70 mg, crude, HCI) as yellow solid and used into
the next step without further purification.

Step S:

To a solution of N-methyl-8-[[8-[methyl(4-pentylnonyl)amino]-8-oxo-octyl ]amino]-N-(4-
pentylnonyl)octanamide (100 mg, 138.84 umol, 1 eq) and TEA (56.20 mg, 555.37 umol,
77.30 uL, 4 eq) in DCM (8 mL) was added dropwise 3-pyrrolidin-1-ylpropanoyl chloride
(68.76 mg, 347.10 umol, 2.5 eq, HCI) in DCM (4 mL) at 20 °C. The mixture was degassed
and purged with N for 3 times, and then stirred at 20 °C for 4 hours under N> atmosphere.
The reaction mixture was quenched by addition H>O 15 mL at 0 °C, and extracted with
EtOAc 80 mL (40 mLx2). The combined organic layers were washed with brine 15 mL, dried
over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 5/1 to 1/1, 5%
NH3-H>0). Then the crude product was purified by prep-TLC (SiO., Petroleum ether/Ethyl
acetate= 0/1, 5% NH;3-H,0) to give compound N-methyl-8-[[8-[methyl(4-
pentylnonyl)amino]-8-oxo-octyl]-(3-pyrrolidin-1-ylpropanoyl)amino]-N-(4-pentylnonyl)
octanamide (22 mg, 25.76 umol, 18.56% yield, 99% purity) as yellow oil.

'H NMR (400 MHz, CDCl5), 3.21-3.28 (m, 8H), 2.97 (d, ] = 3.6 Hz, 3H), 2.91 (d, ] = 2.8 Hz,
3H), 2.75-2.83 (m, 2H), 2.48-2.60 (m, 6H), 2.18-2.30 (m, 4H), 1.80 (s, 4H), 1.55-1.69 (m,
4H), 1.46-1.50 (m, 8H), 1.22-1.33 (m, 50H), 0.88 (t, J=6.8 Hz, 12H).

LCMS: (M+H"): 845.7 @ 2.836 min.
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4.29. Synthesis of compound 2244
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Step 1:

To a solution of heptadecan-9-amine (2 g, 7.83 mmol, 1 eq) and 8-bromooctanoic acid (1.75
g, 7.83 mmol, 1 eq) in DCM (20 mL) was added DMAP (478.20 mg, 3.91 mmol, 0.5 eq) and
EDCI (1.80 g, 9.39 mmol, 1.2 eq), stirred at 20 °C for 8 hours. The mixture was added into
H>O (20 mL) and extracted with EtOAc (20 mLx3). The organic layer was washed with brine
(20 mLx2), dried over Na2SOQy, filtered and the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography (SiO., Petroleum ether/Ethyl
acetate = 1/0 to 5/1) to give 8-bromo-N-(1-octylnonyl)octanamide (2.5 g, 5.43 mmol, 69.34%
yield) as a white solid.

Step 2:

To a solution of 2-benzyloxyethanamine (620 mg, 4.10 mmol, 1 eq) in DMF (20 mL) was
added KI (748.73 mg, 4.51 mmol, 1.1 eq) and DIEA (1.06 g, 8.20 mmol, 1.43 mL, 2 eq), then
a solution of 8-bromo-N-(1-octylnonyl)octanamide (1.98 g, 4.31 mmol, 1.05 eq) in DMF (10
mL) was added to the mixture and stirred at 80 °C for 12 hours. The mixture was filtered and
the filtrate was added into H>O (50 mL) and extracted with EtOAc (10 mLx3). The combined
organic layer was washed with brine (10 mLx2), dried over Na,SOs, filtered and the filtrate
was concentrated under reduced pressure. The residue was purified by column
chromatography (Si0», Petroleum ether/Ethyl acetate = 100/1 to 20/1) to give 8-(2-
benzyloxyethylamino)-N-(1-octylnonyl)octanamide (1 g, 1.88 mmol, 45.94% yield) as yellow
oil.

TH NMR (400 MHz, CDCls), 7.29-7.36 (m, 5 H), 5.05 (d, J=8.8 Hz, 1H), 4.54 (s, 2H), 3.90-
3.92 (m, 1H), 3.62 (t, J=5.2 Hz, 2H), 2.83 (t, J=5.2 Hz, 2H), 2.61 (t, J=7.2 Hz, 2H), 2.15 (,
J=7.2 Hz, 2H), 1.55-1.65 (m, 2H), 1.47-1.55 (m, 4H), 1.25-1.33 (m, 34H), 0.89 (t, J=6.8 Hz,
6H). LCMS: (M+H"): 531.3 @ 0.888 min.

Step 3 :

To a solution of undecan-1-amine (1 g, 5.84 mmol, 1 eq) and 6-bromohexanoic acid (1.14 g,
5.84 mmol, 1 eq) in DCM (10 mL) was added DMAP (356.55 mg, 2.92 mmol, 0.5 eq) and
EDCI (1.34 g, 7.00 mmol, 1.2 eq), stirred at 20 °C for 8 hours. The mixture was added into
H>O (20 mL) and extracted with EtOAc (20 mLx3). The organic layer was washed with brine
(20 mLx2), dried over Na2SOQy, filtered and the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography (SiO., Petroleum ether/Ethyl
acetate = 1/0 to 5/1) to give 6-bromo-N-undecyl-hexanamide (1.7 g, 4.88 mmol, 83.61%
yield) as a white solid.

Step 4:
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To a solution of 8-(2-benzyloxyethylamino)-N-(1-octylnonyl)octanamide (500 mg, 941.86
umol, 1 eq) in DMF (10 mL) was added KI (187.62 mg, 1.13 mmol, 1.2 eq) and K»COs3
(325.42 mg, 2.35 mmol, 32.81 pL, 2.5 eq), then a solution of 6-bromo-N-undecyl-hexanamide
(360.92 mg, 1.04 mmol, 1.1 eq) in DMF (5 mL) was added to the mixture, then stirred at 80
°C for 12 hours. The mixture was filtered and the filtrate was added into H>O (50 mL) and
extracted with EtOAc (10 mLx3). The combined organic layer was washed with brine (10
mLx2), dried over Na>SQq, filtered and the filtrate was concentrated under reduced pressure.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
10/1 to 0/1) to give 8-[2-benzyloxyethyl-[6-0x0-6-(undecylamino)hexylJamino]-N-(1-
octylnonyl)octanamide (600 mg, 751.58 pmol, 39.90% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 7.29-7.36 (m, 5 H), 5.60 (s, 1H), 5.18 (d, J=8.8 Hz, 1H), 4.52
(s, 2H), 3.89 (s, 1H), 3.55 (t, J=6.4 Hz, 2H), 3.20-3.25 (m, 2H), 2.53-2.70 (m, 2H), 2.35-2.46
(m, 4H), 2.14 (t, J=7.8 Hz, 4H), 1.51-1.63 (m, 4H), 1.40-1.50 (m, 8H), 1.25-1.33 (m, 50H),
0.89 (t, J=6.8 Hz, 9H). LCMS: (M+H"): 798.5 @ 1.004 min.

Step S:

To a solution of PdA(OH)/C (20 mg, 10% purity) in EtOAc (10 mL) was added 8-[2-
benzyloxyethyl-[6-0x0-6-(undecylamino)hexyl |Jamino]-N-(1-octylnonyl)octanamide (150 mg,
187.90 umol, 1 eq) and AcOH (112.83 pg, 1.88 pmol, 1.07e-1 uL, 0.01 eq), then stirred at 30
°C for 5 hours under H> under 50 psi. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography
(8102, Petroleum ether/Ethyl acetate = 10/1 to 0/1) and by prep-TLC (Si0O2, Ethyl

acetate: MeOH=3:1) to give 8-[2-hydroxyethyl-[6-0x0-6-(undecyl amino)hexyl]amino]-N-(1-
octylnonyl)octanamide (30 mg, 42.36 pmol, 22.55% yield) as a white solid.

TH NMR (400 MHz, CDCl3), 5.61 (s, 1H), 5.21 (d, J=9.2 Hz, 1H), 3.91 (s, 1H), 3.56 (s, 2H),
3.20-3.25 (m, 2H), 2.53 (s, 2H), 2.48 (s, 4H), 2.13-2.18 (m, 4H), 1.51-1.63 (m, 4H), 1.43-1.50
(m, 8H), 1.25-1.33 (m, 51H), 0.89 (t, J=6.8 Hz, 9H). LCMS: (M+H"): 708.4 @ 3.194 min.

4.30. Synthesis of compound 2249

OH
o]
Br\/\/\/\)J\
‘OH NH,
EDCI, DMAP, DCM DIEA, KI, DMF
HO 15°C, 8 h 80°C,8h

step 1 step 2

o}
O)J\/\/\/Br
KoCOs, KI, DMF, 80 °C, 8 h
\/\/\/\)l\ step 3

compound 2249

OH

o} o}
\/\/\/\/\/\OJ\/\/\:(/\/\/\)J\O
Step 1:
To a solution of heptadecan-9-ol (5 g, 19.50 mmol, 1 eq) and 8-bromooctanoic acid (4.78 g,
21.45 mmol, 1.1 eq) in DCM (100 mL) was added EDCI (4.48 g, 23.39 mmol, 1.2 eq) and
DMAP (1.19 g, 9.75 mmol, 0.5 eq). The mixture was stirred at 15 °C for 8 hours. The reaction
mixture was quenched by addition H,O 100 mL at 15°C, and then extracted with EtOAc 300
mL (100 mLx3). The combined organic layers were washed with brine 200 mL (100 mLx2),
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dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 20/1
to 2/1) to give compound 1-octylnonyl 8-bromooctanoate (8.5 g, 18.42 mmol, 94.46% yield)
as colorless oil.

TH NMR (400 MHz, CDCls), 4.86-4.90 (m, 1H), 3.41 (t, J=6.8 Hz, 2H), 2.29 (t, J=7.6 Hz,
2H), 1.80-1.90 (m, 2H), 1.60-1.70 (m, 2H), 1.40-1.55 (m, 6H), 1.20-1.40 (m, 28H), 0.89 (t,
J=6.8 Hz, 6H).

Step 2:

To a solution of 1-octylnonyl 8-bromooctanoate (3.23 g, 6.99 mmol, 1.05 eq) and 2-
aminopropan-1-ol (500 mg, 6.66 mmol, 530.22 puL, 1 eq) in DMF (10 mL) was added DIEA
(1.72 g, 13.31 mmol, 2.32 mL, 2 eq) and KI (1.22 g, 7.32 mmol, 1.1 eq). The mixture was
stirred at 80 °C for 8 hours. The reaction mixture was quenched by addition H>O 30 mL at 15
°C, and then extracted with EtOAc 90 mL (30 mLx3). The combined organic layers were
washed with brine 60 mL (30 mLx2), dried over Na,SOq, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 5/1 to 1/4) to give compound 1-octylnonyl 8-[(2-
hydroxy-1-methyl-ethyl)amino]octanoate (1.5 g, 3.29 mmol, 49.44% yield) as a white solid.
TH NMR (400 MHz, CDCls), 4.86-4.90 (m, 1H), 3.59-3.64 (m, 1H), 3.28-3.33 (m, 1H), 2.70-
2.90 (m, 2H), 2.50-2.60 (m, 2H), 2.28 (t, J=7.6 Hz, 2H), 1.52-1.70 (m, 2H), 1.40-1.55 (m,
6H), 1.20-1.40 (m, 32H), 1.09 (d, J=6.4 Hz, 3H), 0.88 (t, J=6.8 Hz, 6H).

Step 3:

To a solution of 1-octylnonyl 8-[(2-hydroxy-1-methyl-ethyl)amino]octanoate (250 mg, 548.54
umol, 1 eq) and undecyl 6-bromohexanoate (210.79 mg, 603.39 umol, 1.1 eq) in DMF (10
mL) was added KI (109.27 mg, 658.25 umol, 1.2 eq) and K»COs3 (189.53 mg, 1.37 mmol, 2.5
eq). The mixture was stirred at 80 °C for 8 hours. The reaction mixture was quenched by
addition H2O 30 mL at 15 °C, and then extracted with EtOAc 90 mL (30 mLx3). The
combined organic layers were washed with brine 60 mL (30 mLx2), dried over Na2SOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (SiO», Petroleum ether/Ethyl acetate = 10/1 to 0/1) to give
compound 1-octylnonyl 8-[(2-hydroxy-1-methyl-ethyl)-(6-ox0-6-undecoxy-
hexyl)amino]octanoate (96 mg, 132.56 umol, 12.08% yield, 100% purity) as colorless oil.
'H NMR (400 MHz, CDCls), 4.76-4.83 (m, 1H), 3.98 (t, J=6.8 Hz, 2H), 3.25-3.30 (m, 1H),
3.12-3.18 (m, 1H), 2.70-2.90 (m, 1H), 2.30-2.45 (m, 2H), 2.15-2.25 (m, 6H), 1.51-1.58 (m,
6H), 1.30-1.45 (m, 8H), 1.10-1.30 (m, 48H), 0.76-0.83 (m, 12H).

LCMS: (M+H"):724.4 @ 13.085 min.

4.31. Synthesis of compound 2250

OH

DIEA Kl, DMF
80°C,8h
\/\/\/\)J\ step 1 HN\/\/\/\)J\
from 2249
A P P P J\/\/\/Br compound 2250
o OH
K>CO4, KI, DMF, 80 °C, 8 h 0 \|// 0
step 2 OJ\/\/\/N\/\/\/\)I\O
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Step 1:

To a solution of 1-octylnonyl 8-bromooctanoate (3 g, 6.50 mmol, 1.05 eq) and 2-amino-2-
methyl-propan-1-ol (551.77 mg, 6.19 mmol, 590.76 pL, 1 eq) in DMF (30 mL) was added
DIEA (1.60 g, 12.38 mmol, 2.16 mL, 2 eq) and KI (1.13 g, 6.81 mmol, 1.1 eq). The mixture
was stirred at 80 °C for 8 hours. The reaction mixture was quenched by addition H>O 30 mL.
at 15 °C, and then extracted with EtOAc 90 mL (30 mLx3). The combined organic layers
were washed with brine 60 mL (30 mLx2), dried over Na,SOs, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 5/1 to 1/4) to give compound 1-octylnonyl 8-[(2-
hydroxy-1,1-dimethyl-ethyl )aminoJoctanoate (2 g, 4.26 mmol, 68.77% yield) as colorless oil.
TH NMR (400 MHz, CDCls), 4.85-4.90 (m, 1H), 3.35 (s, 2H), 2.55 (t, J=7.2 Hz, 2H), 2.29 (,
J=7.6 Hz, 2H), 1.55-1.70 (m, 2H), 1.40-1.55 (m, 6H), 1.20-1.40 (m, 30H), 1.12 (s, 6H), 0.89
(t, J=6.8 Hz, 6H).

Step 2:

To a solution of undecyl 6-bromohexanoate (297.45 mg, 851.46 pmol, 1.6 eq) and 1-
octylnonyl 8-[(2-hydroxy-1,1-dimethyl-ethyl)amino]octanoate (250 mg, 532.16 umol, 1 eq) in
DMF (10 mL) was added KI (106.01 mg, 638.60 umol, 1.2 eq) and K»COs (183.87 mg, 1.33
mmol, 2.5 eq). The mixture was stirred at 80 °C for 8 hours. The reaction mixture was
quenched by addition HO 30 mL at 15 °C, and then extracted with EtOAc 90 mL (30 mLx3).
The combined organic layers were washed with brine 60 mL (30 mLx2), dried over NaxSOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by prep-TLC (8102, PE: EA = 0:1) to give compound 1-octylnonyl 8-[(2-hydroxy-1,1-
dimethyl-ethyl)-(6-ox0-6-undecoxy-hexyl)amino]octanoate (44 mg, 59.25 umol, 5.57% yield,
99.4% purity) as colorless oil.

'H NMR (400 MHz, CDCl5), 4.85-4.90 (m, 1H), 4.07 (t, J=7.2 Hz, 2H), 3.23 (s, 2H), 2.40-
2.50 (m, 4H), 2.26-2.31 (m, 4H), 1.60-1.70 (m, 6H), 1.45-1.55 (m, 4H), 1.35-1.45 (m, 4H),
1.20-1.35 (m, 48H), 1.04 (s, 6H), 0.87-0.91 (m, 9H). LCMS: (M+H"):738.4 @ 13.185 min.
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4.32: Synthesis of compound 2276

o
BocHN OH
- . 9 T mecen
EDCI, DMAP, DCM BoctN A~~~ step 2 HQN\/\/\/\)I\

HO 25°C,12h
step 1

fﬂf

//////'g \/\NHBoc
K>CO3, DMF, 80 °C,5h NaBH( OAc
step 4 DCM, 156°C, 8 h
step §
NHBoc

TFA, DCM
—_—

15°C,10h ?

0]
step 6
EDCI DMAP, DCM
0 Br 25°C, 12h
)J\/\/\/\/ step3
o N

compound 2276 NH,)

Step 1:

A mixture of 8-(tert-butoxycarbonylamino)octanoic acid (25 g, 96.40 mmol, 1.2 eq) in DCM
(1000 mL) was added DMAP (4.91 g, 40.17 mmol, 0.5 eq), heptadecan-9-ol (20.60 g, 80.33
mmol, 1 eq), EDCI (46.20 g, 241.00 mmol, 3 eq). The mixture was stirred at 25 °C for 12
hours under N atmosphere. LCMS showed 48% of desired product. The reaction mixture was
diluted with EtOAc (200 mLx3) and washed with H>O 200 mL. The combined organic layers
were dried over NaxSQOq, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
1/0 to 1/0) to give compound 1-octylnonyl 8-(tert-butoxycarbonylamino)octanoate (24 g,
crude) as yellow oil.

Step 2:

To a solution of 1-octylnonyl 8-(tert-butoxycarbonylamino)octanoate (12 g, 24.11 mmol, 1
eq) in DCM (100 mL) was added TFA (46.20 g, 405.18 mmol, 30 mL, 16.81 eq). The mixture
was stirred at 25 °C for 5 hours. The reaction mixture was adjusted pH = 7 with saturated
NaHCOs aqueous and extracted with EtOAc¢ (200 mLx3), dried over Na»SOy, filtered and the
filtrate was concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (Si0», Petroleum ether/Ethyl acetate = 0/1 to Ethyl acetate/MeOH =
3/1) to give compound 1-octylnonyl 8-aminooctanoate (15 g, 37.72 mmol, 78.23% yield) as
yellow oil.

TH NMR (400 MHz, CDCls), 5.64 (brs, 2H), 4.84-4.88 (m, 1H), 2.84 (t, J=7.6 Hz, 2H), 2.28
(t, J=7.6 Hz, 2H), 1.50-1.61 (m, 8H), 1.26-1.33 (m, 30H), 0.88 (t, J=6.8 Hz, 6H).

Step 3:
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To a mixture of 6-bromohexanoic acid (22.64 g, 116.07 mmol, 1 eq) in DCM (1 mL) was
added DMAP (2.84 g, 23.21 mmol, 0.2 eq), undecan-1-ol (20 g, 116.07 mmol, 1 eq), EDCI
(22.25 g, 116.07 mmol, 1 eq). The mixture was stirred at 25 °C for 12 hours under N
atmosphere. The reaction mixture was diluted with H>O 200 mL and extracted with
EtOAc(200 mLx3). The combined organic layers were dried over NaxSOyg, filtered and the
filtrate concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiOz, Petroleum ether/Ethyl acetate = 1/0 to 40/1) to give compound
undecyl 6-bromohexanoate (36 g, 103.05 mmol, 88.78% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 4.07 (t, J=6.8 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.33 (t, J=7.2 Hz,
2H), 1.87-1.91 (m, 2H), 1.63-1.68 (m, 4H), 1.48-1.50 (m, 2H), 1.27-1.32 (m, 16H), 0.89 (t,
J=6.4 Hz, 3H).

Step 4:

To a solution of 1-octylnonyl 8-aminooctanoate (1 g, 2.51 mmol, 1 eq), undecyl 6-
bromohexanoate (878.47 mg, 2.51 mmol, 1 eq) in DMF (20 mL) was added K»COs (1.04 g,
7.54 mmol, 3 eq). The mixture was stirred at 80 °C for 5 hours. LCMS showed 56% of
desired product. The reaction mixture was diluted with H>O 20 mL and extracted with EtOAc
(20 mLx3). The combined organic layers were dried over NaxSOs, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Ethyl acetate: MeOH = 1/0 to 10/1) to give compound 1-octylnonyl 8-[(6-0x0-6-
undecoxy-hexyl)amino] octanoate (0.5 g, 750.63 umol, 29.85% yield) as yellow oil.

'H NMR (400 MHz, CDCl5), 4.86-4.89 (m, 1H), 4.06 (t, J=6.8 Hz, 2H), 2.59-2.60 (m, 4H),
2.28-2.31 (m, 4H), 1.60-1.65 (m, 6H), 1.50-1.52 (m, 8H), 1.27-1.36 (m, 48H), 0.89 (t, J=6.4
Hz, 9H). LCMS: (M+H"): 666.8 @ 1.168 min.

Step S:

To a solution of 1-octylnonyl 8-[(6-ox0-6-undecoxy-hexyl)amino]octanoate (0.5 g, 0.75
mmol, 1 eq) and tert-butyl N-(2-oxoethyl)carbamate (0.24 g, 1.50 mmol, 2 eq) in DCM (10
mL) was added sodium;triacetoxyboranuide (0.48 g, 2.25 mmol, 3 eq) at 15 °C. The mixture
was degassed and purged with N; for 3 times, and then stirred at 15 °C for 8 hours under N>
atmosphere. The reaction mixture was filtered and concentrated under reduced pressure to
give a residue. The residue was diluted with H,O 20 mL extracted with EtOAc (30 mL X 2).
The combined organic layers were dried over Na;SOys, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(81032, Petroleum ether/Ethyl acetate = 10/1 to 3/1, 5% NH3-H»0) to give compound 1-
octylnonyl 8-[2-(tert-butoxycarbonylamino)ethyl-(6-oxo-6-undecoxy-hexyl)amino]octanoate
(0.36 g, 0.44 mmol, 58.79% yield) as colorless oil.

LCMS: (M+H"): 809.7 @ 1.083 min.

Step 6:

To a solution of 1-octylnonyl 8-[2-(tert-butoxycarbonylamino)ethyl-(6-oxo-6-undecoxy-
hexyl)amino]octanoate (0.36 g, 0.44 mmol, 1 eq) in DCM (5 mL) was added dropwise TFA
(1.18 g, 10.34 mmol, 0.76 mL, 1.67 eq) at 15 °C. The mixture was stirred at 15 °C for 10
hours under N> atmosphere. The reaction mixture was adjusted to pH=7.0 with sat. NaHCOs3
aq. 15 ml and extracted with EtOAc 45 mL (15 mLx3). The combined organic layers were
dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 3/1 to
0/1, 5% NH3-H»0) to give compound 1-octylnonyl 8-[2-aminoethyl-(6-oxo0-6-undecoxy-
hexyl)amino]octanoate (0.22 g, 0.31 mmol, 99% purity, 70.75% yield) as colorless oil.
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TH NMR (400 MHz, CDCl3), 4.84-4.90 (m, 1H), 4.06 (t, ] = 6.8 Hz, 2H), 2.71 (t, ] = 6.4 Hz,
2H), 2.37-2.46 (m, 6H), 2.29 (q, J = 7.6 Hz, 4H), 1.59-1.68 (m, 6H), 1.38-1.52 (m, 8H), 1.27-
1.31 (m, 48H), 0.88 (t, J=6.8 Hz, 9H). LCMS: (M+H"): 709.4 @ 12.315 min.

4.33. Synthesis of compound 2277
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Step 1:

To a solution of 8-bromooctanoic acid (10.21 g, 45.75 mmol, 1.1 eq) and nonan-1-ol (6 g,
41.59 mmol, 1 eq) in DCM (100 mL) was added DMAP (1.02 g, 8.32 mmol, 0.2 eq) and
EDCI (9.57 g, 49.91 mmol, 1.2 eq), stirred at 20 °C for 8 hours. The mixture was added into
H>O (50 mL), extracted with EtOAc (50 mLx3), organic layer was washed with brine (50
mLx2), dried over Na>SQq, filtered and the filtrate was concentrated under reduced pressure.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
50/1 to 10/1) to give nonyl 8-bromooctanoate (10 g, 27.19 mmol, 65.38% yield) as colorless
oil.

Step 2:

To a solution of 1-octylnonyl 8-aminooctanoate (5 g, 12.57 mmol, 1.1 eq) in DMF (100 mL)
was added KI (2.28 g, 13.74 mmol, 1.2 eq) and K»2COs (4.75 g, 34.35 mmol, 3 eq), then a
solution of nonyl 8-bromooctanoate (4 g, 11.45 mmol, 1 eq) in DMF (20 mL) was added to
the mixture, then stirred at 80 °C for 12 hours. The mixture was filtered and the filtrate was
added into H>O (50 mL), extracted with EtOAc (30 mLx3), combined organic layer was
washed with brine (30 mLx*2), dried over NaxSOs, filtered and the filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography (SiO»,
Petroleum ether/Ethyl acetate = 10/1 to 0/1) to give compound nonyl 8-[[8-(1-octylnonoxy)-8-
oxo-octyl Jamino]octanoate (4 g, 5.40 mmol, 47.20% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 4.85-4.90 (m, 1H), 4.06 (t, J=7.2 Hz, 2H), 2.59 (t, J=6.8 Hz,
3H), 2.26-2.31 (m, 4H), 1.60-1.70 (m, 6H), 1.40-1.55 (m, 8H), 1.20-1.35 (m, 49H), 0.86-0.91
(m, 9H).

Step 3:
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To a solution of nonyl 8-[[8-(1-octylnonoxy)-8-oxo-octylJamino]octanoate (250 mg, 375.31
umol, 1 eq) in DMF (5 mL) was added K»COs3 (259.36 mg, 1.88 mmol, 5 eq) and KI (62.30
mg, 375.31 umol, 1 eq), and then tert-butyl N-(2-bromoethyl)carbamate (336.42 mg, 1.50
mmol, 4 eq) was added into the mixture. The mixture was stirred at 80 °C for 12 hours. The
mixture was filtered and the filtrate was added into H>O (5 mL), extracted with EtOAc (5
mLx3), organic layer was washed with brine (5 mLx2), dried over NaxSQy, filtered and the
filtrate was concentrated under reduced pressure. The residue was purified by column
chromatography (Si02, Petroleum ether/Ethyl acetate = 10/1 to 0/1) to give compound nonyl
8-[2-(tert-butoxycarbonylamino)ethyl-[8-(1-octylnonoxy)-8-oxo-octyl Jamino]octanoate (200
mg, 247.13 pmol, 65.85% yield) as colorless oil.

Step 4:

A solution of nonyl 8-[2-(tert-butoxycarbonylamino)ethyl-[8-(1-octylnonoxy)-8-oxo-

octyl JaminoJoctanoate (160 mg, 197.70 umol, 1 eq) in TFA (3.08 g, 27.01 mmol, 2 mL,
136.63 eq) and DCM (4 mL) was stirred at 20 °C for 2 hours. The mixture was filtered and the
filtrate was concentrated under reduced pressure. The residue was purified by column
chromatography (Si0», Ethyl acetate : Methanol = 1/0 to 5/1) to give compound nonyl 8-[2-
aminoethyl-[8-(1-octylnonoxy)-8-oxo-octyl Jamino]octanoate (45 mg, 63.45 umol, 32.10%
yield) as colorless oil.

'H NMR (400 MHz, CDCls), 4.85-4.90 (m, 1H), 4.06 (t, J=6.4 Hz, 2H), 2.93 (t, J=5.6 Hz,
2H), 2.69 (t, J=6.0 Hz, 2H), 2.59 (t, J=7.6 Hz, 4H), 2.26-2.32 (m, 4H), 1.60-1.70 (m, 6H),
1.40-1.55 (m, 8H), 1.20-1.35 (m, 48H), 0.89 (t, J=6.4 Hz, 9H). (M+H"):709.4.

LCMS: (M+H"):709.4 @ 10.079 min.

4,34, Synthesis of compound 2300
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Step 1:

A mixture of 8-(tert-butoxycarbonylamino)octanoic acid (25 g, 96.40 mmol, 1.2 eq) in DCM
(1000 mL) was added DMAP (4.91 g, 40.17 mmol, 0.5 eq), heptadecan-9-ol (20.60 g, 80.33
mmol, 1 eq), EDCI (46.20 g, 241.00 mmol, 3 eq). The mixture was stirred at 25 °C for 12
hours under N> atmosphere. LCMS showed 48% of desired product. The reaction mixture was
diluted with EtOAc 600 mL(200 mLx*3) and washed with H>O 200 mL. The combined
organic layers were dried over NaxSOy, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (SiO», Petroleum
ether/Ethyl acetate = 1/0 to 1/0) to give compound 1-octylnonyl 8-(tert-
butoxycarbonylamino)octanoate (24 g, crude) as yellow oil. The crude product was used for
next step without detection by 'H NMR.

Step 2:

To a solution of 1-octylnonyl 8-(tert-butoxycarbonylamino)octanoate (12 g, 24.11 mmol, 1
eq) in DCM (100 mL) was added TFA (46.20 g, 405.18 mmol, 30 mL, 16.81 eq). The mixture
was stirred at 25 °C for 5 hours. The reaction mixture was adjusted pH=7 with saturated
NaHCOs aqueous and extracted with EtOAc¢ 600 mL(200 mLx3), dried over NaxSQq, filtered
and the filtrate was concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 0/1 to Ethyl
acetate/MeOH = 3/1) to give compound 1-octylnonyl 8-aminooctanoate (15 g, 37.72 mmol,
78.23% yield) as yellow oil.

'H NMR (400 MHz, CDCls), 5.64 (brs, 2H), 4.84-4.88 (m, 1H), 2.84 (t, J=7.6 Hz, 2H), 2.28
(t, J=7.6 Hz, 2H), 1.50-1.61 (m, 8H), 1.26-1.33 (m, 30H), 0.88 (t, J=6.8 Hz, 6H).

LCMS: (M+H"): 398.6 @ 1.010 min.

Step 3:

To a mixture of 6-bromohexanoic acid (22.64 g, 116.07 mmol, 1 eq) in DCM (1 mL) was
added DMAP (2.84 g, 23.21 mmol, 0.2 eq), undecan-1-ol (20 g, 116.07 mmol, 1 eq), EDCI
(22.25 g, 116.07 mmol, 1 eq). The mixture was stirred at 25 °C for 12 hours under N
atmosphere. The reaction mixture was diluted with H>O 200 mL and extracted with EtOAc
600 mL(200 mLx3). The combined organic layers were dried over Na;SOs, filtered and the
filtrate concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiOz, Petroleum ether/Ethyl acetate = 1/0 to 40/1) to give compound
undecyl 6-bromohexanoate (36 g, 103.05 mmol, 88.78% yield) as yellow oil.

TH NMR (400 MHz, CDCls), 4.07 (t, J=6.8 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.33 (t, J=7.2 Hz,
2H), 1.87-1.91 (m, 2H), 1.63-1.68 (m, 4H), 1.48-1.50 (m, 2H), 1.27-1.32 (m, 16H), 0.89 (t,
J=6.4 Hz, 3H).

Step 4:

To a solution of 1-octylnonyl 8-aminooctanoate (1 g, 2.51 mmol, 1 eq), undecyl 6-
bromohexanoate (878.47 mg, 2.51 mmol, 1 eq) in DMF (20 mL) was added K»COs (1.04 g,
7.54 mmol, 3 eq). The mixture was stirred at 80 °C for 5 hours. LCMS showed 56% of
desired product. The reaction mixture was diluted with H>O 20 mL and extracted with EtOAc
60 mL(20 mLx3). The combined organic layers were dried over Na;SOs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO», Ethyl acetate: MeOH = 1/0 to 10/1) to give compound 1-octylnonyl 8-
[(6-ox0-6-undecoxy-hexyl)amino] octanoate (0.5 g, 750.63 pmol, 29.85% yield) as yellow oil.
'H NMR (400 MHz, CDCls), 4.86-4.89 (m, 1H), 4.06 (t, J=6.8 Hz, 2H), 2.59-2.60 (m, 4H),
2.28-2.31 (m, 4H), 1.60-1.65 (m, 6H), 1.50-1.52 (m, 8H), 1.27-1.36 (m, 48H), 0.89 (t, J=6.4
Hz, 9H). LCMS: (M+H"): 666.8 @ 1.168 min.
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Step S:

To a solution of 1-octylnonyl 8-[(6-ox0-6-undecoxy-hexyl)aminoJoctanoate (1.5 g, 2.25
mmol, 1 eq) in DCM (15 mL) was added tert-butyl N-(3-oxopropyl)carbamate (585.07 mg,
3.38 mmol, 1.5 eq) at 20 °C. The mixture was degassed and purged with N> for 3 times, then
stirred at 20 °C for 0.5 hour under N> atmosphere. To the mixture was added
sodium;triacetoxyboranuide (954.53 mg, 4.50 mmol, 2 eq) and then stirred at 20 °C for 5
hours under N> atmosphere. The reaction mixture was diluted with HO 20 mL extracted with
EtOAc 300 mL (150 mLx2). The combined organic layers were dried over Na;SOs, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiO», Petroleum ether/Ethyl acetate = 8/1 to 0/1) to give compound
I-octylnonyl 8-[3-(tert-butoxycarbonylamino)propyl-(6-oxo-6-undecoxy-
hexyl)amino]octanoate (1.6 g, 1.94 mmol, 86.30% yield) as colorless oil.

Step 6:

To a solution of 1-octylnonyl 8-[2-(tert-butoxycarbonylamino)ethyl-(6-oxo-6-undecoxy-
hexyl)amino]octanoate (5 g, 6.18 mmol, 1 eq) in DCM (45 mL) was added dropwise TFA
(16.50 g, 144.71 mmol, 10.71 mL, 23.42 eq) at 15 °C. The mixture was degassed and purged
with N for 3 times, and then stirred at 15 °C for 10 hours under N, atmosphere. The reaction
mixture was adjusted to pH=7.0 with sat. NaHCOs; aq. 80 ml and extracted with EtOAc 450
mL (150 mL % 3). The combined organic layers were dried over NaxSOs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO», Petroleum ether/Ethyl acetate = 3/1 to 0/1, 5% NH3-H>O) to give
compound 1-octylnonyl 8-[2-aminoethyl-(6-ox0-6-undecoxy-hexyl)amino]octanoate (3.1 g,
4.37 mmol, 70.75% yield) as colorless oil.

'H NMR (400 MHz, CDCl3), 4.84-4.90 (m, 1H), 4.06 (t, J = 6.8 Hz, 2H), 2.71 (t, ] = 6.4 Hz,
2H), 2.48 (t, ] = 6.8 Hz, 2H), 2.37-2.46 (m, 4H), 2.29 (q, J = 7.6 Hz, 4H), 1.58-1.68 (m, 8H),
1.44-1.48 (m, 4H), 1.50-1.52 (m, 4H), 1.26-1.31 (m, 48H), 0.88 (t, J=6.8 Hz, 9H).

LCMS: (M/2+H"): 723.4 @ 9.826 min.

4.35. Synthesis of compound 2301
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Step 1:

To a mixture of decanoic acid (17.66 g, 102.51 mmol, 19.78 mL, 1 eq) in DCM (500 mL) was
added DMAP (2.50 g, 20.50 mmol, 0.2 eq), 7-bromoheptan-1-ol (20 g, 102.51 mmol, 1 eq),
EDCI (19.65 g, 102.51 mmol, 1 eq). The mixture was stirred at 20 °C for 8 hours under N;
atmosphere. The reaction mixture was diluted with H>O 200 mL and extracted with EtOAc
600 mL(200 mLx3). The combined organic layers were dried over Na;SOs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO2, Petroleum ether/Ethyl acetate = 1/0 to 40/1) to give compound 7-
bromoheptyl decanoate (30 g, 85.87 mmol, 83.77% yield) as yellow oil.

'H NMR (400 MHz, CDCls), 4.07 (t, J=6.8 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.31 (t, J=7.2 Hz,
2H), 1.85-1.87 (m, 2H), 1.62-1.63 (m, 4H), 1.45-1.48 (m, 2H), 1.37-1.42 (m, 4H), 1.27-1.31
(m, 12H), 0.89 (t, J=6.8 Hz, 3H).

Step 2:

To a solution of 1-octylnonyl 8-aminooctanoate (6 g, 15.09 mmol, 1 eq), 7-bromoheptyl
decanoate (5.27 g, 15.09 mmol, 1 eq) in ACN (50 mL) was added K»COs3 (8.34 g, 60.35
mmol, 4 eq). The mixture was stirred at 70 °C for 5 hours. The reaction mixture was diluted
with H2O 200 mL and extracted with EtOAc 300 mL (100 mLx3). The combined organic
layers were dried over Na,SOq, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO», Ethyl acetate:MeOH =
1/0 to 10/1) to give compound 7-[[8-(1-octylnonoxy)-8-oxo-octyl |Jamino]heptyl decanoate (3
g, 4.50 mmol, 29.85% yield) as yellow oil.

Step 3:

To a solution of 7-[[8-(1-octylnonoxy)-8-oxo-octyl Jamino]heptyl decanoate (3 g, 4.50 mmol,
1 eq), tert-butyl N-(2-oxoethyl)carbamate (1.43 g, 9.01 mmol, 2 eq) in DCM (50 mL) was
added NaBH(OAc); (1.91 g, 9.01 mmol, 2 eq). The mixture was stirred at 20 °C for 8 hours.
The mixture was diluted with EtOAc 60 mL and washed with water 180 mL (60 mLx3) and
brine 40 mL (20 mLx2), dried with anhydrous Na,SOs, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 10/1 to 5/1) to give compound 7-[2-(tert-
butoxycarbonylamino)ethyl-[8-(1-octylnonoxy) -8-oxo-octyl Jamino]heptyl decanoate (2 g,
2.47 mmol, 54.84% yield) as yellow oil.

'H NMR (400 MHz, CDCls), 5.06 (brs, 1H), 4.86-4.89 (m, 1H), 4.06 (t, J=6.8 Hz, 2H), 3.17
(brs, 2H), 2.28-2.66 (m, 10H), 1.63-1.66 (m, 6H), 1.48-1.62 (m, 15H), 1.26-1.42 (m, S0H),
0.89 (t, J=6.0 Hz, 9H).

Step 4:

A solution of 7-[2-(tert-butoxycarbonylamino)ethyl-[8-(1-octylnonoxy)-8-oxo-octyl Jamino]
heptyl decanoate (2 g, 2.47 mmol, 1 eq) in HCI/EtOAc (4 M, 617.82 uL, 1 eq) was stirred at
20 °C for 5 hours. The crude reaction mixture was adjusted pH=7 with saturated Sat NaHCOs
and extracted with EtOAc 120 mL (40 mLx3). The combined organic layers were dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate/NH3 H,O = 5/1/0 to
2/1/0.1) and p-TLC (Petroleum ether/Ethyl acetate/NH3 H,0=2/1/0.1) to give compound 7-[2-
aminoethyl-[8-(1- octylnonoxy)-8-oxo-octyl Jamino]heptyl decanoate (1 g, 1.41 mmol,
57.06% yield) as yellow oil.

'H NMR (400 MHz, CDCl3), 4.84-4.90 (m, 1H), 4.06 (t, J=6.8 Hz, 2H), 2.83 (t, J=6.4 Hz,
2H), 2.59 (t, J=6.4 Hz, 2H), 2.52 (t, J=5.2 Hz, 4H), 2.27-2.32 (m, 4H), 1.61-1.64 (m, 6H),
1.48-1.52 (m, 6H), 1.27-1.32 (m, 50H), 0.89 (t, J=6.4 Hz, 9H).
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LCMS: (M+H"): 709.4 @ 10.026 min.

Step S:

To a solution of 7-[2-aminoethyl-[8-(1-octylnonoxy)-8-oxo-octyl]amino]heptyl decanoate (0.2
g, 282.02 umol, 1 eq), TEA (28.54 mg, 282.02 umol, 39.25 uL, 1 eq), DMAP (6.89 mg, 56.40
umol, 0.2 eq) in DCM (5 mL) was added butanedioyl dichloride (21.85 mg, 141.01 umol,
15.50 uL, 0.5 eq) at 0 °C. The mixture was stirred at 20 °C for 3 hours. The reaction mixture
was diluted with H2O 20 mL and extracted with EtOAc 60 mL (20 mLx3). The combined
organic layers were dried over NaxSOy, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (SiO», Petroleum
ether/Ethyl acetate/NH3 . H,O = 5/1/0.1 to 2/1/0.1) and prep-TLC (SiO., Petroleum ether/Ethyl
acetate/NH3 H,O = 3/1/0.1) to give compound 7-[2-[[4-[2-[ 7-decanoyloxyheptyl-[8-(1-
octylnonoxy)-8-oxo-octyl Jamino]ethylamino]-4-oxo-butanoyl Jamino]ethyl-[8-(1-
octylnonoxy)-8-oxo-octyl]Jamino]heptyl decanoate (0.15 g, 99.97 pmol, 35.45% yield) as
yellow oil.

TH NMR (400 MHz, CDCls), 6.28 (brs, 1H), 4.84-4.90 (m, 2H), 4.06 (t, J=6.4 Hz, 4H), 3.28
(brs, 4H), 2.27-2.51 (m, 24H), 1.62-1.65 (m, 10H), 1.52-1.61 (m, 8H), 1.50-1.52 (m, 8H),
1.27-1.32 (m, 98H), 0.89 (t, J=6.4 Hz, 18H). LCMS: (1/2M+H"): 750.5 @ 12.157 min.

4.36. Synthesis of compound 2312
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Step 1:

To a solution of 2-hexyldecanoic acid (2.5 g, 9.75 mmol, 1 eq) and 6-bromohexan-1-ol (1.77
g, 9.75 mmol, 1.28 mL, 1 eq) in DCM (50 mL) was added EDCI (2.24 g, 11.70 mmol, 1.2 eq)
and DMAP (595.55 mg, 4.87 mmol, 0.5 eq). The mixture was stirred at 15 °C for 8 hours. The
reaction mixture was quenched by addition H>O 200 mL at 15 °C, and then extracted with
EtOAc 600 mL (200 mL x 3). The combined organic layers were washed with brine 400 mL
(200 mL x 2), dried over Na2SOy, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl
acetate = 1/0 to 20/1) to give compound 6-bromohexyl 2-hexyldecanoate (14 g, 33.37 mmol,
85.58% yield 4 batches) as colorless oil.
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TH NMR (400 MHz,CDCl3), 4.08 (t, J=6.8 Hz, 2H), 3.42 (t, J=6.8 Hz, 2H), 2.28-2.35 (m,
1H), 1.84-1.91 (m, 2H), 1.57-1.69 (m, 4H), 1.38-1.48 (m, 6H), 1.26-1.29 (m, 20H), 0.88 (t,
J=6.8 Hz, 6H).

Step 2:

To a solution of phenylmethanamine (851.48 mg, 7.95 mmol, 866.20 uL, 1 eq) in DMF (75
mL) was added K»COs (5.49 g, 39.73 mmol, 5 eq) and KI (3.30 g, 19.87 mmol, 2.5 eq), then a
solution of 6-bromohexyl 2-hexyldecanoate (7 g, 16.69 mmol, 2.1 eq) in DMF (25 mL) was
added to the mixture. The mixture was stirred at 80 °C for 8 hours. The reaction mixture was
quenched by addition H2O 200 mL at 15 °C, extracted with EtOAc 300 mL (100 mLx3). The
combined organic layers were washed with brine 200 mL (100 mLx2), dried over Na2SOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (SiO», Petroleum ether/Ethyl acetate = 10/1 to 3/1) to give
compound 6-[benzyl-[6-(2-hexyldecanoyloxy) hexyl]Jamino]hexyl 2-hexyldecanoate (9 g,
11.48 mmol, 72.21% yield) as a colorless oil.

'H NMR (400 MHz,CDCls), 7.27-7.33 (m, 4H), 7.20-7.25 (m, 1H), 4.05 (t, J=6.8 Hz, 4H),
2.27-2.41 (m, 4H), 1.56-1.62 (m, 10 H), 1.40-1.48 (m, 8H), 1.26-1.32 (m, S0H), 0.88 (t, J=7.2
Hz, 12H).

Step 3:

A solution of Pd/C (1 g, 10% purity) and 6-[benzyl-[6-(2-hexyldecanoyloxy)hexyl]Jamino]
hexyl 2-hexyldecanoate (4.5 g, 5.74 mmol, 1 eq) in EtOAc (500 mL) was stirred under Hz
under 50 Psi at 15 °C for 8 hours. The reaction mixture was filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(8102, Petroleum ether/Ethyl acetate = 5/1 to 1/0) to give compound 6-[6-(2-
hexyldecanoyloxy)hexylamino]hexyl 2-hexyldecanoate (1.8 g, 2.59 mmol, 45.19% yield) as
colorless oil.

'H NMR (400 MHz,CDCls), 4.07 (t, J=6.4 Hz, 4H), 2.63 (t, J=7.6 Hz, 4H), 2.28-2.35 (m,
2H), 1.52-1.66 (m, 12H), 1.26-1.45 (m, 52 H), 0.88 (t, J=7.2 Hz, 12H).

Step 4:

To a solution of 6-[6-(2-hexyldecanoyloxy)hexylamino]hexyl 2-hexyldecanoate (800 mg,
1.15 mmol, 1 eq) in DMF (10 mL) was added K»COs (796.39 mg, 5.76 mmol, 5 eq) and KI
(191.31 mg, 1.15 mmol, 1 eq) and then added tert-butyl N-(2-bromoethyl)carbamate (1.16 g,
5.19 mmol, 4.5 eq) in DMF (5 mL). The mixture was stirred at 80 °C for 8 hours. The reaction
mixture was quenched by addition H,O 20 mL at 15 °C, extracted with EtOAc 30 mL (10
mLx3). The combined organic layers were washed with brine 20 mL (10 mLx2), dried over
Na»SOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 20/1 to 3/1) to
give compound 6-[2-(tert-butoxycarbonylamino) ethyl-[6-(2-hexyldecanoyloxy)hexyl]amino]
hexyl 2-hexyldecanoate (560 mg, 668.78 umol) as a colorless oil.

Step S:

A solution of 6-[2-(tert-butoxycarbonylamino)ethyl-[6-(2-hexyldecanoyloxy)hexylJamino]
hexyl 2-hexyldecanoate (560 mg, 668.78 umol, 1 eq) in DCM (4 mL) and TFA (3.59 g, 31.51
mmol, 2.33 mL, 47.12 eq) was stirred at 15 °C for 3 hours. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was purified by prep-TLC
(S102, EA: MeOH = 10:1) to give compound 6-[2-aminoethyl-[6-(2-hexyldecanoyloxy)hexyl]
amino]hexyl 2-hexyldecanoate (420 mg, 552.61 pmol, 82.63% yield, 97% purity) as a yellow
oil.
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TH NMR (400 MHz,CDCls), 4.07 (t, J=6.8 Hz, 4H), 2.79 (t, J=6.0 Hz, 2H), 2.53 (t, J=6.0 Hz,
2H), 2.45 (t, J=7.2 Hz, 4H), 2.29-2.34 (m, 2H), 2.21 (brs, 2 H), 1.59-1.65 (m, 8 H), 1.43-1.45
(m, 8 H), 1.26-1.42 (m, 48 H), 0.89 (t, J=7.2 Hz, 12H). LCMS: (M+H"): 737.5 @ 11.219 min.

4.37. Synthesis of compound 2313
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Step 1:
To a solution of diethyl 2-methylpropanedioate (10 g, 57.41 mmol, 9.80 mL, 1 eq) in THF
(1000 mL) in three-necked flask was added NaH (2.30 g, 57.41 mmol, 60% purity, 1 eq)
slowly at 0 °C. and stirred at O °C for 1 hour. 1-bromoheptane (10.28 g, 57.41 mmol, 9.02 mL,
1 eq) was added and stirred at 20 °C for 0.5 hour and stirred at 70 °C for 6.5 hours. The
reaction mixture was quenched by addition H>O 2000 mL at O °C. The mixture was extracted
with EtOAc 3000 mL (1000 mLx3) and the combined organic layers were dried over Na;SOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to 50/1) to give
compound diethyl 2-heptyl-2-methyl-propanedioate (45 g, 165.21 mmol, 71.95% yield, 3
batches) as colorless oil.
'H NMR (400 MHz, CDCl3), 4.15-4.21 (m, 4H), 1.85-1.87 (m, 2H), 1.40 (s, 3H), 1.23-1.28
(m, 16H), 0.88 (t, J=6.8 Hz, 3H).

Step 2:

To a solution of diethyl 2-heptyl-2-methyl-propanedioate (10 g, 36.71 mmol, 1 eq) in EtOH
(100 mL) and H20 (100 mL) was added KOH (6.18 g, 110.14 mmol, 3 eq). The mixture was
stirred at 90 °C for 10 hours. The reaction mixture was concentrated under reduced pressure to
remove most of EtOH and washed with EtOAc 120 mL (40 mLx3). Then the aqueous phase
was adjusted pH = 2 with 1M HCI aqueous and extracted with EtOAc 120 mL (40 mLx3).
The combined organic layers were dried over Na;SOys, filtered and concentrated under
reduced pressure to give a compound 2-heptyl-2-methyl-propanedioic acid (45 g, 208.07
mmol, 94.46% yield) as a white solid without purification.
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Step 3:

The solution of 2-heptyl-2-methyl-propanedioic acid (10 g, 46.24 mmol, 1 eq) in 1,2-
dichlorobenzene (104.80 g, 712.92 mmol, 80.00 mL, 15.42 eq) was stirred at 180 °C for 2
hours. The reaction mixture was diluted with H>O 200 mL and extracted with EtOAc 600
mL(200 mLx3). The combined organic layers were dried over Na;SOs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (Si0», Petroleum ether/Ethyl acetate = 1/0 to 3/1) to give compound 2-
methylnonanoic acid (35 g, 203.18 mmol, 87.88% yield) as a white solid.

Step 4:

To a solution of LiAlH4 (3.08 g, 81.27 mmol, 2 eq) in THF (500 mL) was added 2-
methylnonanoic acid (7 g, 40.64 mmol, 1 eq). The mixture was stirred at O °C for 3 hours. The
reaction mixture was quenched by addition H2O 200 mL at 0 °C. The mixture was extracted
with EtOAc 300 mL (100 mLx3) and the combined organic layers were dried over NaxSOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (SiO», Petroleum ether/Ethyl acetate = 20/1 to 10/1) to give
compound 2-methylnonan-1-ol (15 g, 94.77 mmol, 46.64% yield) as colorless oil.

'H NMR (400 MHz, CDCl3), 3.50-3.54 (m, 1H), 3.42-3.45 (m, 1H), 1.61-1.64 (m, 1H), 1.20-
1.39 (m, 11H), 1.05-1.15 (m, 1H), 0.87-0.93 (m, 6H).

Step S:

To a mixture of 8-bromooctanoic acid (9.87 g, 44.23 mmol, 1 eq) in DCM (1000 mL) was
added DMAP (1.08 g, 8.85 mmol, 0.2 eq), 2-methylnonan-1-ol (7 g, 44.23 mmol, 1 eq), EDCI
(8.48 g, 44.23 mmol, 1 eq) at 20 °C. The mixture was stirred at 20 °C for 12 hours under N>
atmosphere. The reaction mixture was diluted with EtOAc 600 mL (200 mLx3) and washed
with H,O 200 mL, 10% aq. citric acid 200 mL (100 mLx2). The combined organic layers
were dried over NaxSQOq, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate =
1/0 to 1/0) to give compound 2-methylnonyl 8-bromooctanoate (12 g, 33.02 mmol, 74.67%
yield) as yellow oil.

Step 6:

To a solution of 1-octylnonyl 8-aminooctanoate (4.38 g, 11.01 mmol, 1 eq), 2-methylnonyl 8-
bromooctanoate (4 g, 11.01 mmol, 1 eq) in ACN (100 mL) was added K2CO3 (1.52 g, 11.01
mmol, 1 eq). The mixture was stirred at 80 °C for 8 hours. The reaction mixture was diluted
with H2O 200 mL and extracted with EtOAc 600 mL (200 mLx3). The combined organic
layers were dried over Na,SOq, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO, Petroleum ether/Ethyl
acetate/NH3.H,O = 10/1/1 to 1/1/0.5) to give a compound 2-methylnonyl 8-[[8-(1-
octylnonoxy)-8-oxo-octylJamino]octanoate (3.5 g, 5.15 mmol, 23.37% yield) as yellow oil.
TH NMR (400 MHz, CDCl3), 4.85-4.89 (m, 1H), 3.93-3.98 (m, 1H), 3.83-3.88 (m, 1H), 2.59
(t, J=7.2 Hz, 4H), 2.26-2.33 (m, 4H), 1.60-1.80 (m, 1H), 1.40-1.60 (m, 10H), 1.20-1.40 (m,
50H), 0.86-0.93 (m, 12H).

Step 7:

To a solution of 2-methylnonyl 8-[[8-(1-octylnonoxy)-8-oxo-octyl Jamino]octanoate (3 g, 4.41
mmol, 1 eq), tert-butyl N-(2-oxoethyl)carbamate (1.05 g, 6.62 mmol, 1.5 eq) in DCM (50 mL)
was added NaBH(OAc); (1.87 g, 8.82 mmol, 2 eq). The mixture was stirred at 20 °C for 5
hours. The combined organic phase was diluted with EtOAc 20 mL and washed with water 60
mL (20 mLx3) and brine 40 mL (20 mLx2), dried over Na»SOs, filtered and concentrated
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under reduced pressure to give a residue. The residue was purified by column chromatography
(Si0», Petroleum ether/Ethyl acetate = 10/1 to 5/1) to give compound 2-methylnonyl 8-[2-
(tert-butoxycarbonylamino) ethyl-[8-(1-octylnonoxy)-8-oxo-octyl]amino] octanoate (2 g, 2.43
mmol, 55.07% yield) as a white solid.

TH NMR (400 MHz, CDCl3), 4.85-4.89 (m, 1H), 3.93-3.98 (m, 1H), 3.83-3.87 (m, 1H), 3.14
(brs, 2H), 2.28-2.40 (m, 10H), 1.60-1.80 (m, 1H), 1.26-1.55 (m, 69H), 0.86-0.93 (m, 12H).

Step 8:

A solution of 2-methylnonyl 8-[2-(tert-butoxycarbonylamino)ethyl-[8-(1-octylnonoxy)-8-
oxo-octylJamino] octanoate (2 g, 2.43 mmol, 1 eq) in HCI/EtOAc (4 M, 9.37 mL, 15.42 eq)
was stirred at 20 °C for 5 hours. The reaction mixture was adjusted pH=7 with saturated
NaHCOs aqueous and extracted with EtOAc 150 mL (50 mLx3). The combined organic
layers were dried over Na,SOq, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO», Petroleum ether/Ethyl
acetate = 5/1 to 0/1) to give compound 2-methylnonyl 8-[2-aminoethyl-[8-(1-octylnonoxy)-8-
oxo-octylJamino]octanoate (1.5 g, 2.07 mmol, 85.38% yield, 100% purity) as a white solid
without purification.

'H NMR (400 MHz, CDCl3), 4.84-4.90 (m, 1H), 3.94-3.98 (m, 1H), 3.83-3.87 (m, 1H), 2.73
(t, J=6.0 Hz, 2H), 2.46 (t, J=6.0 Hz, 2H), 2.40 (t, J=7.2 Hz, 4H), 2.27-2.36 (m, 4H), 1.72-1.82
(m, 1H), 1.60-1.65 (m, 4H), 1.50-1.54 (m, 4H), 1.39-1.45 (m, 4H), 1.23-1.34 (m, 46H), 1.12-
1.27 (m, 2H), 0.87-0.93 (m, 12H). LCMS: (M+H"): 723.4 @ 10.618 min.

4.38. Synthesis of compound 2314

\N\;ic\\\\\\\v _2MHCIEtOAC = d{
o EDCI, DMAP, DCM

20 °c, 5h
20°C, 8
step 1 step 2 K2CO3, ACN, 80 °C, 5 h
NHBDC HC' NH step 4
Br
NHBoc 2M HCIEtOAC 0
4»

cho3 KI, DMF 20 °C.5h o)
80°C, 5h
\/\/\/\/ step 8 smps
o]
e~ N
e} @) NHBoc \/\/\/\/ \\\
o NH,

5 compound 2314

Step 1:

A mixture of dodecanoic acid (4.93 g, 24.60 mmol, 1 eq) in DCM (1000 mL) was added
DMAP (1.50 g, 12.30 mmol, 0.5 eq), tert-butyl N-(5-hydroxypentyl)carbamate (5 g, 24.60
mmol, 5.00 mL, 1 eq), EDCI (9.43 g, 49.19 mmol, 2 eq) and was degassed and purged with
N> for 3 times. The mixture was stirred at 20 °C for 8 hours under N, atmosphere. The
reaction mixture was diluted with EtOAc 200 mL and washed with HO 200 mL. The
combined organic layers were dried over NaxSQq, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate = 1/0 to 1/0) to give compound 5-(tert-butoxycarbonylamino)
pentyl dodecanoate (6 g, 15.56 mmol, 63.26% yield) as yellow oil.
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TH NMR (400 MHz, CDCl3), 4.52 (brs, 1H), 4.06 (t, J=6.4 Hz, 2H), 3.10-3.13 (m, 2H), 2.29
(t, J=7.6 Hz, 2H), 1.64-1.66 (m, 4H), 1.51-1.61 (m, 2H), 1.49 (s, 9H), 1.44-1.45 (m, 2H),
1.26-1.38 (m, 16H), 0.88 (t, J=6.4 Hz, 3H).

Step 2:

5-(tert-butoxycarbonylamino)pentyl dodecanoate (6 g, 15.56 mmol, 1 eq) in HCI/EtOAc (2 M,
60.00 mL, 15.42 eq) was stirred at 20 °C for 5 hours. The mixture was filtered and the filter
cake was concentrated under reduced pressure to give compound 5-aminopentyl dodecanoate
(4 g, 12.43 mmol, 79.85% yield, HCI) as a white solid without purification.

LCMS: (M+H"): 386.3 @ 0.887 min.

Step 3:

A mixture of 7-bromoheptan-1-ol (3.43 g, 17.58 mmol, 1 eq) in DCM (1000 mL) was added
DMAP (429.46 mg, 3.52 mmol, 0.2 eq), 2-octyldecanoic acid (5 g, 17.58 mmol, 1 eq), EDCI
(3.37 g, 17.58 mmol, 1 eq) and was degassed and purged with N for 3 times. The mixture
was stirred at 20 °C for 8 hours under N atmosphere. The reaction mixture was diluted with
EtOAc 600 mL(200 mL*3) and washed with H2O 200 mL. The combined organic layers were
dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 1/0 to
1/0) to give a compound 7-bromoheptyl 2-octyldecanoate (5 g, 10.83 mmol, 61.63% yield) as
yellow oil.

Step 4:

To a solution of S-aminopentyl dodecanoate (2 g, 6.21 mmol, 1 eq, HCl), 7-bromoheptyl 2-
octyldecanoate (2.87 g, 6.21 mmol, 1 eq) in ACN (100 mL) was added K»CO; (2.58 g, 18.64
mmol, 3 eq). The mixture was stirred at 80 °C for 5 hours. The reaction mixture was diluted
with H,O 20 mL and extracted with EtOAc 60 mL (20 mLx3). The combined organic layers
were dried over NaxSQOq, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO, Petroleum ether/Ethyl
acetate/NH3.H,O = 10/1/1 to 1/1/0.5) to give compound 7-(5-dodecanoyloxypentylamino)
heptyl 2-octyldecanoate (1.5 g, 2.25 mmol, 36.25% yield) as yellow oil.

'H NMR (400 MHz, CDCl3), 4.05-4.09 (m, 4H), 2.59-2.63 (m, 4H), 2.27-2.31 (m, 3H), 1.60-
1.70 (m, 8H), 1.45-1.60 (m, 4H), 1.35-1.45 (m, 8H), 1.20-1.35 (m, 44H), 0.88 (t, J=6.8 Hz,
9H).

Step S:

To a solution of 7-(5-dodecanoyloxypentylamino)heptyl 2-octyldecanoate (1.5 g, 2.25 mmol,
1 eq), tert-butyl N-(2-bromoethyl)carbamate (2.52 g, 11.26 mmol, 30.22 uL, 5 eq) in DMF
(10 mL) was added K»COs (1.56 g, 11.26 mmol, 5 eq), KI (373.81 mg, 2.25 mmol, 1 eq) and
stirred at 80 °C for 5 hours. The reaction mixture was diluted with HO 20 mL and extracted
with EtOAc 60 mL (20 mLx3). The combined organic layers were dried over Na>SOs, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiO;, Petroleum ether/Ethyl acetate = 10/1 to 1/1) to give compound
7-[2-(tert-butoxycarbonylamino) ethyl-(5-dodecanoylox ypentyl)amino]heptyl 2-
octyldecanoate (1 g, 1.24 mmol, 54.87% yield) as yellow oil.

Step 6:

7-[2-(tert-butoxycarbonylamino)ethyl-(5-dodecanoyloxypentyl)Jamino]heptyl 2-
octyldecanoate (1 g, 1.24 mmol, 1 eq) in HCI/EtOAc (2 M, 4.76 mL, 15.42 eq) was stirred at
20 °C for 5 hours. The crude reaction mixture was adjusted pH = 7 with saturated NaHCOs
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aqueous and extracted with EtOAc 150 mL (50 mLx3). The combined organic layers were
dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate = 5/1 to
0/1) to give compound 7-[2-aminoethyl(5-dodecanoyloxypentyl)aminoheptyl 2-
octyldecanoate (0.7 g, 977.19 umol, 79.08% yield, 99% purity) as yellow oil.

'H NMR (400 MHz, CDCls), 4.07 (t, J=6.8 Hz, 4H), 2.73 (t, J=6.0 Hz, 2H), 2.47 (t, J=6.0 Hz
2H), 2.39-2.44 (m, 4H), 2.30 (t, J=7.2 Hz, 3H), 1.61-1.66 (m, 6H), 1.44-1.47 (m, 6H), 1.20-
1.36 (m, 50H), 0.89 (t, J=6.8 Hz, 9H). LCMS: (M+H"): 709.3 @ 10.360 min.

2

Example S. Preparation of Lipid Nanoparticle Compositions

Exemplary lipid nanoparticle compositions were prepared to result in an
ionizable lipid:structural lipid:sterol: PEG-lipid at a molar ratio shown in the below charts.

Molar ratios of the lipid components of each lipid nanoparticle composition are summarized
below.

Ionizable Molar ratio
Lipid mRNA Ionizable | Structural Plant DMPE-
No. component DSPC Cholesterol PEG2k
2129 CRE/FLUC 1:1 50 10 46.5 1.5
2130 FLUC/EPO 1:1 50 10 46.5 1.5
2131 CRE/FLUC 1:1 50 10 46.5 1.5
2132 EGFP 50 10 46.5 1.5
2132 CRE/FLUC 1:1 50 10 46.5 1.5
2133 FLUC/EPO 1:1 50 10 46.5 1.5
2134 EGFP 50 10 46.5 1.5
2134 CRE/FLUC 1:1 50 10 46.5 1.5
2135 EGFP 50 10 46.5 1.5
2136 EGFP 50 10 46.5 1.5
2138 CRE/FLUC 1:1 50 10 46.5 1.5
2139 FLUC/EPO 1:1 50 10 46.5 1.5
2140 CRE/FLUC 1:1 50 10 46.5 1.5
2141 EGFP 50 10 46.5 1.5
2141 CRE/FLUC 1:1 50 10 46.5 1.5
2141 FLUC/EPO 1:1 50 10 38.5 1.5
2142 FLUC/EPO 1:1 50 10 46.5 1.5
2143 EGFP 50 10 46.5 1.5
2143 CRE/FLUC 1:1 50 10 46.5 1.5
2144 EGFP 50 10 46.5 1.5
2144 CRE/FLUC 1:1 50 10 46.5 1.5
2145 FLUC/EPO 1:1 50 10 46.5 1.5
2146 CRE/FLUC 1:1 50 10 46.5 1.5
2215 FLUC/EPO 1:1 50 10 38.5 1.5
2216 FLUC/EPO 1:1 50 10 38.5 1.5
2225 FLUC/EPO 1:1 50 10 38.5 1.5
2233 FLUC/EPO 1:1 50 10 38.5 1.5
2235 FLUC/EPO 1:1 50 10 38.5 1.5
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2241 FLUC/EPO 1:1 50 10 38.5 1.5
2242 FLUC/EPO 1:1 50 10 38.5 1.5
2243 FLUC/EPO 1:1 50 10 38.5 1.5
2244 FLUC/EPO 1:1 50 10 38.5 1.5
2249 FLUC/EPO 1:1 50 10 38.5 1.5
2250 FLUC/EPO 1:1 50 10 38.5 1.5
2335 FLUC/EPO 1:1 50 10 38.5 1.5

To prepare the exemplary lipid nanoparticle compositions, the lipid components according to
the above chart were solubilized in ethanol, mixed at the above-indicated molar ratios, and
diluted in ethanol (organic phase) to obtain total lipid concentration of 5.5 mM.

An mRNA solution (aqueous phase, fluc:EPO mRNA, cre:fluc mRNA, or EGFP mRNA),
according to the above chart for each LNP composition, was prepared with RNAse-free water
and 100 mM citrate buffer pH 3 for a final concentration of 50 mM citrate buffer and 0.167
mg/mL mRNA concentration (1:1 Fluc:EPO, 1:1 cre:Fluc, or EGFP). The formulations were
maintained at an ionizable lipid to mRNA at an ionizable lipid nitrogen:mRNA phosphate
(N:P) ratio of 6:1.

For each LNP composition, the lipid mix and mRNA solution were mixed at a 1:3 ratio by
volume, respectively, on a NanoAssemblr Ignite (Precision Nanosystems) at a total flow rate
of 9 mL/min. The resulting compositions were then loaded into Slide-A-Lyzer G2 dialysis
cassettes (10k MWCO) and dialyzed in 200 times sample volume of 1x PBS for 2 hours at
room temperature with gentle stirring. The PBS was refreshed, and the compositions were
further dialyzed for at least 14 hours at 4 °C with gentle stirring. The dialyzed compositions
were then collected and concentrated by centrifugation at 3000xg using Amicon Ultra
centrifugation filters (100k MWCO). The concentrated particles were characterized for size,
polydispersity, and particle concentration using Zetasizer Ultra (Malvern Panalytical) and for
mRNA encapsulation efficiency using Quant-iT RiboGreen RNA Assay Kit

(ThermoFisher Scientific).

For pKa measurement, a TNA assay was conducted according to those described in Sabnis et
al., Molecular Therapy, 26(6):1509-19), which is incorporated herein by reference in its
entirety. Briefly, 20 buffers {10 mM sodium phosphate, 1 OmM sodium borate, 10 mM
sodium citrate, and 150 mM sodium chloride, in distilled Water} of unique pH values ranging
from 3.0 -12.0 were prepared using 1M sodium hydroxide and 1M hydrochloric acid. 3.25 uL
of a LNP composition (0.04 mg/mL mRNA, in PBS) was incubated with 2 uLL of TNS reagent
(0.3 mM, in DMSO) and 90 pL of buffer for each pH value (described above) in a 96-well
black-walled plate. Each pH condition was performed in triplicate wells. The TNS
fluorescence was measured using a Biotek Cytation Plate reader at excitation/emission
wavelengths of 321/445 nm. The fluorescence values were then plotted and fit using a 4-
parameter sigmoid curve. From the fit, the pH value yielding the half-maximal fluorescence
was calculated and reported as the apparent LNP pKa value.
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The particle characterization data for each exemplary lipid nanoparticle compositions are
shown in the table below.

Ionizable Lipid No. mRNA Size (nm) | PDI | % EE | pKa (TNS)
2129 CRE/FLUC 1:1 81.1 0.07 | 97.0 -
2130 FLUC/EPO 1:1 68.7 0.13 | 98.5 -
2131 CRE/FLUC 1:1 712 0.13 | 97.1 -
2132 EGFP 90.4 020 | 972 -
2132 CRE/FLUC 1:1 76.3 0.13 | 97.7 -
2133 FLUC/EPO 1:1 87.7 0.08 | 98.7 7.96
2134 EGFP 107.1 0.20 | 983 -
2134 CRE/FLUC 1:1 929 0.11 | 983 -
2135 EGFP 81.8 0.04 | 96.2 -
2136 EGFP 77.5 0.04 | 955 -
2138 CRE/FLUC 1:1 112.7 0.35 97 -
2139 FLUC/EPO 1:1 88.6 0.18 | 983 -
2140 CRE/FLUC 1:1 86.9 0.16 | 96.9 -
2141 EGFP 109.3 021 | 954 -
2141 CRE/FLUC 1:1 79.4 0.11 | 95.6 -
2141 FLUC/EPO 1:1 73.83 0.06 | 959 7.57
2142 FLUC/EPO 1:1 69.2 0.06 | 96.7 -
2143 EGFP 83.4 0.08 | 973 -
2143 CRE/FLUC 1:1 78.6 0.11 | 97.1 -
2144 EGFP 73.5 0.29 | 983 -
2144 CRE/FLUC 1:1 78.0 0.26 | 96.8 -
2145 FLUC/EPO 1:1 954 021 | 976 -
2146 CRE/FLUC 1:1 81.0 0.26 | 96.5 -
2215 FLUC/EPO 1:1 80.18 0.1 96.3 7.12
2216 FLUC/EPO 1:1 88.81 0.11 | 96.8 7
2225 FLUC/EPO 1:1 81.88 0.07 | 97.9 7.25
2233 FLUC/EPO 1:1 85.5 0.04 | 912 6.83
2235 FLUC/EPO 1:1 84.84 0.067 | 97.5 7.76
2241 FLUC/EPO 1:1 100.89 0.15 | 94.7 -
2242 FLUC/EPO 1:1 154.2 0.079 | 89.5 -
2243 FLUC/EPO 1:1 87.77 0.04 | 949 7.1
2249 FLUC/EPO 1:1 86.05 0.08 | 933 5.84
2250 FLUC/EPO 1:1 73.75 0.068 | 92.2 6.31
2335 FLUC/EPO 1:1 87.74 0.02 | 933 6.4

Example 6. In-vivo bioluminescent imaging
The exemplary lipid nanoparticle compositions prepared according to Example 5, with
encapsulating an mRNA according to the table shown above in Example 5, were used in this

example.

8-9 week old female Balb/c mice were utilized for bioluminescence-based ionizable lipid
screening efforts. Mice were obtained from Jackson Laboratories (JAX Stock: 000651) and
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allowed to acclimate for one week prior to manipulations. Animals were placed under a heat
lamp for a few minutes before introducing them to a restraining chamber. The tail was wiped
with alcohol pads (Fisher Scientific) and, for each LNP composition descrbed above, 100ul.
of a lipid nanoparticle composition descrbed above containing 10ug total mRNA (Sug Fluc +
Sug EPO, Sug Fluc + Sug Cre, or Sug EGFP) was injected intravenously using a 29G insulin
syringe (Covidien).

4-6 hours post-dose, animals were injected with 200 uL of 15mg/mL D-Luciferin (GoldBio),
and placed in set nose cones inside the IVIS Lumina LT imager (PerkinElmer). Livinglmage
software was utilized for imaging. Whole body bio-luminescence was captured at auto-
exposure after which animals are removed from the IVIS and placed into a CO2 chamber for
euthanasia. Cardiac puncture was performed on each animal after placing it in dorsal
recumbency, and blood collection was performed using a 25G insulin syringe (BD). Once all
blood samples were collected, tubes are spun at 2000G for 10 minutes using a tabletop
centrifuge and plasma was aliquoted into individual Eppendorf tubes (Fisher Scientific) and
stored at -80 °C for subsequent EPO quantification. EPO levels in plasma were determined
using EPO MSD kit (Meso Scale Diagnostics).

The EPO levels determined by the in-vivo bioluminescent imaging for each lipid nanoparticle
compositions are shown in the table below.

Bioluminescence (I1V)
. Spleen:
En;fiall\}l: mCE)I:eA \]7\371(’)1316 Liver Spleen Lung hEPO Liver
p ) Y Ratio
2129 Spug FLUC | 1.9E+04 | 14E+05 | 9.2E+03 | 2.1E+03 0.066
2130 Sug FLUC 1.2E+04 | 7.0E+04 | 3.0E+03 | 1.4E+05 | 1.5E+02 0.045
+ Spg EPO
2131 Spug FLUC | 1.2E+04 | 1.3E+05 | 95E+03 | 2.4E+03 0.076
2132 Spug FLUC | 7.0E+03 | 14E+05 | 2.5E+04 | 1.7E+03 0212
2133 Sug FLUC 38E+04 | 44E+04 | 3.9E+04 | 58E+04 | 2.5E+02 1.574
+ Spg EPO
2134 Spug FLUC | 54E+03 | 7.5E+04 | 43E+03 | 14E+03 0.063
2138 Spug FLUC | 3.7E+03 | 1.7E+05 | 2.8E+04 | 1.2E+03 0.236
2139 Sug FLUC 4.1E+04 | 1.7E+05 | 1.0E+05 | 2.2E+05 | 2.0E+02 0.583
+ Spg EPO
2140 Spug FLUC | 43E+04 | 1.6E+03 | 1.2E+05 | 5.3E+03 76.18
2141 Spug FLUC | 55E+06 | 5.6E+05 | 23E+05 | 7.1E+03 0.527
2141 Sug FLUC 1.9E+05 | 3.1E+04 | 1.3E+05 | 6.8E+04 | 2.1E+03 6.131
+ Spg EPO
2142 Sug FLUC 78E+05 | 24E+05 | 5.6E+05 | 2.0E+05 | 7.3E+03 2.758
+ Spg EPO
2143 Spug FLUC | 1.7E+05 | 1.3E+05 | 6.5E+05 | 6.3E+03 5.050
2144 Spug FLUC | 7.1E+03 | 74E+04 | 3.0E+04 | 1.2E+03 0.401
2145 Sug FLUC 4.0E+03 | 1.1E+05 | 12E+03 | 7.2E+04 | 8.4E+02 0.012
+ Spg EPO
2146 Spug FLUC | 74E+03 | 9.7E+04 | 47E+04 | 12E+03 0.505
Spg FLUC
2215 + 5ug EPO 32E+07 | 22E+06 | 6.6E+05 | 6.5E+04 0.449
Spg FLUC
2216 1 5ug EPO 1.5E+06 | 3.2E+05 | 3.8E+05 | 9.0E+03 1.539
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Spg FLUC
2225 \ 519 EPO 35E+05 | 1.8E+05 | 2.2E+05 | 1.0E+04 1.261
2233 Sug FLUC 54E+08 | 6.1E+07 | 4.7E+06 | 4.1E+04 | 2.8E+06 0.077
+ Spg EPO
2235 Sug FLUC 98E+03 | 2.0E+03 | 2.9E+04 | 7.6E+03 | 2.2E+02 14.407
+ Spg EPO
2241 Sug FLUC 3.1E+04 | 3.5E+03 | 7.6E+04 | 54E+04 | 1.6E+03 22.241
+ Spg EPO
2243 Sug FLUC 1.6E+08 | 3.0E+07 | 42E+06 | 1.0E+05 | 2.7E+06 0.138
+ Spg EPO
2249 Sug FLUC 72E+07 | 12E+07 | 3.2E+06 | 7.9E+03 | 7.6E+05 0.258
+ Spg EPO
2250 Sug FLUC 1.5E+08 | 2.7E+07 | 2.7E+06 | 7.9E+03 | 9.5E+05 0.099
+ Spg EPO
2335 Sug FLUC 3.00E+08 | 4.30E+07 | 4.80E+06 | 8.80E+04 | 2.60E+06 | 0.1147
+ Spg EPO

As can be seen, the lipid nanoparticle compositions containing the novel ionizable lipid
compounds demonstrate selective delivery of the therapeutic cargos outside the liver and, due
to the lower lipid levels in the liver, lower liver toxicity is expected.

While this disclosure has been described in relation to some embodiments, and many details
have been set forth for purposes of illustration, it will be apparent to those skilled in the art
that this disclosure includes additional embodiments, and that some of the details described
herein may be varied considerably without departing from this disclosure. This disclosure
includes such additional embodiments, modifications, and equivalents. In particular, this
disclosure includes any combination of the features, terms, or elements of the various
illustrative components and examples.
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WHAT IS CLAIMED:

1. A compound of formula (I):

Ry Re A—X—B
yi N/
VN \"/ NA—x—B
n
m iR O ,

a pharmaceutically acceptable salt thereof, or a stereoisomer of any of the foregoing,
wherein

each Ri1 and each Rzis independently H, C1-Cs branched or unbranched alkyl, C2-Cs
branched or unbranched alkenyl, OH, halogen, SH, or NRioRu1or R1 and Rz are taken
together to form a cyclic ring; each Rio and Ru1 is independently H, C1-C3 alkyl, or R1o and
Ru1 are taken together to form a heterocyclic ring;

misl1,2 3,4 5 6,7or8;

nis0, 1,2, 3 or4;

Z is absent, O, S, or NRy2, wherein Rz is H, C1-C7 branched or unbranched
alkyl, or C,-C7 branched or unbranched alkenyl, provided that when Z is not absent, the
adjacent R1 and Rz cannot be OH, NRioRu1, or SH;

each A is each independently C1-C16 branched or unbranched alkyl, or C>-Cis
branched or unbranched alkenyl, optionally substituted with heteroatom or optionally
substituted with OH, SH, or halogen;

each B is each independently C1-Cis branched or unbranched alkyl, or C2-Cis
branched or unbranched alkenyl, optionally substituted with heteroatom or optionally
substituted with OH, SH, or halogen; and

each X is independently a biodegradable moiety.

2. The compound of claim 1, wherein X is -OCO-, -COO-, -NHCO-, -CONH-, -C(O-R13)-O-,
-COO(CH»)s-, -CONH(CH2)s-, -C(O-R13)-O-(CH>)s-, wherein Rus is C3-Cio alkyl and sis 1, 2,
3,4, or5.

3. The compound of claim 1, wherein X is -OCO- or -COO-.

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

5. The compound of any one of claims 1-4, wherein R1 and Rz are each H.

6. The compound of any one of claims 1-5, wherein B is a C3-Cao alkyl.

7. The compound of any one of claims 1-6, wherein m is 1, 3 or 4.

9. The compound of any one of claims 1-5, wherein nis O, 1, or 2.

10. The compound of any one of claims 1-3 and 5-9, wherein Z is S.

11. The compound of any one of claim 1-3 and 5-9, wherein Z is NH.
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12. A compound of formula (V):

Reo A—X—B
\N > ) N
NA—X—B

Rao Ri Ry V)

a pharmaceutically acceptable salt thereof, or a stereoisomer of any of the foregoing,
wherein

R1is H, C1-Cs branched or unbranched alkyl, C»-C3 branched or unbranched alkenyl,

OH, halogen, SH, or NRwRu11 and Rz is OH, halogen, SH, or NR1oR11, wherein Rio

and R are each independently H or C1-Cs alkyl or R0 and Ru1 are taken together to

form a heterocyclic ring, or

R1 and Rz are taken together to form a cyclic ring;

Ra20 and Rao are each independently H or C1-Cs alkyl, or R20 and Rso are taken

together to form a cyclic ring;

vis 1,2 3,or4;

yis 1,2, 3, or4;

each A is independently C1-Cis branched or unbranched alkyl, or C»-C16 branched or
unbranched alkenyl, optionally substituted with heteroatom or substituted with OH, SH, or
halogen,;

each B is each independently C1-Cis branched or unbranched alkyl, or C2-Cis
branched or unbranched alkenyl, optionally substituted with heteroatom or substituted with
OH, SH, or halogen; and

X is a biodegradable moiety.

13. The compound of claim 12, wherein X is -OCO-, -COO-, -NHCO-, -CONH-, -C(O-R13)-
O-, -COO(CHa)s-, -CONH(CH23)s-, -C(0O-R13)-O-(CHz)s-, wherein Ry3 is C3-C1o alkyl and s is
1,2,3,4,0r5.

14. The compound of claim 12, wherein X is -OCO- or -COO-.

15. The compound of any one of claims 12-14, wherein Z is absent.

16. The compound of any one of claims 12-15, wherein R1 and Rz are each OH.

17. The compound of any one of claims 12-16, wherein B is a C3-Czo alkyl.

18. The compound of any one of claims 12-17, wherein m is 1, 3 or 4.

19. The compound of any one of claims 12-18, whereinnis O, 1, or 2.

20. The compound of any one of claims 12-14 and 16-19, wherein Z is S.

21. The compound of any one of claims 12-14 and 16-19, wherein Z is NH.

22. The compound of any one of the preceding claims, wherein the pKa of the protonated
form of the compound is from about 5.1 to about 8.0.
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23. The compound of any one of the preceding claims, wherein the pKa of the protonated
form of the compound is from about 5.7 to about 6.4.

24. The compound of any one of the preceding claims, wherein the pKa of the protonated
form of the compound is from about 5.8 to about 6.2.

25. The compound of claims 1-24, wherein the pKa of the protonated form of the compound
is from about 5.5 to about 6.0.

26. The compound of claim 25, wherein the pKa of the protonated form of the compound is
from about 6.1 to about 6.3.

27. A combination of the compound of any one of the preceding claims and a lipid
component.

28. The combination of claim 27, wherein the combination comprises about a 1:1 ratio of the
compound of any one of the preceding claims and a lipid component.

29. The combination of claim 27 or 28, wherein the combination is a LNP composition.

30. The combination of any one of claims 27-29, wherein the lipid component comprises a
helper lipid and a PEG lipid.

31. The combination of any one of claims 27-30, wherein the lipid component comprises a
helper lipid, a PEG lipid, and a neutral lipid.

32. The combination of any one of claims 27-31, further comprising a cryoprotectant.
33. The combination of any one of claims 27-32, further comprising a buffer.

34. The combination of any one of claims 27-33, further comprising a nucleic acid
component.

35. The combination of claim 34, wherein the nucleic acid component is an RNA or DNA
component.

36. The combination of any one of claims 27-25, having an N/P ratio of about 3-10.
37. The combination of claim 36, wherein the N/P ratio is about 6 £ 1.

38. The combination of claim 37, wherein the N/P ratio is about 6 £ 0.5.

39. The combination of claim 38, wherein the N/P ratio is about 6.

40. The combination of any one of claims 27-39, comprising a RNA component, wherein the
RNA component comprises a mRNA.
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41. A method for delivering a therapeutic cargo to the pancreas or the lung of a subject in
need thereof comprising administering to said subject a composition comprising one or more
compounds chosen from compounds of Formula (I)-(VII).

42. The method of claim 41, wherein less than 50%, 30%, or 10% of the therapeutic cargo is
delivered to the liver or the whole body of the subject.

43. The method of claim 41, wherein more than 50%, 70%, or 90% of the therapeutic cargo is
delivered to the pancreas and/or lung of the subject.
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