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{0007} Recently, lipid nanoparticles have been utilized in COVID-19 mRNA vaccines.

mRNA vaccines have proven to be effective for contro

have been carried cut in many countries to evaluate mRNA vaccines against various other

diseases. Advantages of mBRNA vaccines are that they can induce adequate immune responses
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to protect hosts against infectious pathogens, and the vaccines are amenable to rapid
manufacturing, which allows targeting of infectious pathogen variants. However, the low
thermal stability of mRNA vaccines places serious limitations on their storage and distribution.
For example, the mRNA vaccines for COVID-19 manufactured by Modema and Pfizer-
BioNTech can only be stored for 6 months at -20°C and -80°C, respectively. Furthermore, the
mRNA COVID-19 vaccine of Moderna is stable at room temperature only for 12 hours.
Similarly, Pfizer-BioNTech mRNA COVID-19 vaccine is stable at room temperature only for
2 hours,

{0008] Accordingly, there exists in the related art a need of novel lipid molecules for the

roduction of lipid nanoparticles for the delivery of therapeutic agents (¢ ... nucleic acid).
o > 7

SUMMARY OF THE INVENTION
{00091 The present disclosure provides novel cationic lipids for forming nanoparticles for
the non-viral transport of nucleic acids, and to the use thereof in the treatment and/or
prophylaxis of diseases (e.g., an infection caused by a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)).
{0010} The first aspect of the present disclosure pertains to a lipid of formula (I),

Ri\l /(CHz)m“"‘Rz
h o

{CHz)—Rs

wherein,
Ry is alkyl or cycloalkyl optionally substituted with one or more hydroxyl, -CH>OH,

OCHZDH, or —NR; groups;

m and o are independently an iutegral between 0 and 12;

R, and R are independently H, alkeneyl, R% ~(C=OY{(CH)R?, -O(C=OIR®, or —
{C=0)0RY,

R¥is —CR{COOR™ ), ot -CR(COOR™NCOOR™); and

R, R® R, R”, and R’ are independently H or alkyl.
[0011] According to embodiments of the present disclosure, wherein the lipid of formula ()

may be any one of,
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The second aspect of the present disclosure pertains to a lipid of formula (1),

Q
Ry (1)
Rs

O

Ry and Rs are independently alkyl optionally substituted with one or more hydroxyl
group;
Rz is Hor -O{C=0)R", in which R’ is alkyl; and

m and n are independently an integral between 1 to 10.

10 [0013} According to embodiments of the present disclosure, wherein the lipid of formula (If)
may be any one of,
:/”\/A\/\Qf\i:\\/’\/ N }“3\/\/&.\1/\\/ /\\/\Q ;(}

H O/\/\ N NN /’\\/0_(\\()
N \‘/\\/O\}/ e e e
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H O/\V/\ N P NN NS {Q ,\‘”/\,/
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S NN

, ot AS-CL-31

{0014} The third aspect of the present disclosure pertains to a lipid of formula (1),

Ry o

im(CHz)m%
Rq

N=—(CHa),,

| ( 2)’_—§

¢
Ry

R

HO (111
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wherein,
m and n are independently an integral between 1 to 10; and
Ry, R, R3 and Ry are independently H or alkyl.
{0015] According to embodiments of the present disclosure, wherein the lipid of formula

QTN
r/*\/’ \/’\/ko/z\/"\/”\/\\/’

/rN\/"‘v’\\/”\,f
HO
N NN \/'\\ﬁze P N N
NN NN RN
(111} has the structure of| HL-R18

{0016} In further aspect, there is provided a lipid nanoparticle formed by one or more lipids

of the present disclosure for the delivery of an a tof nucleic acids

of a target protein or a therapeutic agent}. The lipid nanoparticle comprises in its structure, a
hydrophilic core; and an outer lipid bilayer shell formed by one or more lipids of formula (1)
to {1

{0017] Additionally or optionally, the lipid nanopasticle of the present disclosure further
includes a therapeutic agent disposed in the hydrophilic core or in the outer lipid bilayer shell
of the nanoparticle. The therapeutic ageut will be in the hydrophilic core it bydrophilic or in
the lipid shell if hydrophobic. The therapeutic agent may be a nucleic acid of a target protein.
{0018} Examples of the nucleic acid that may be encapsulated within the hydrophilic core of
the present lipid nanoparticle include, but are not limited to, a double strand DNA (dsDNA),
a single strand DNA {ssDNA), a small interference RNA (siRNA), a short hairpin RNA
{shRNA), a messenger RNA (mRNA), a micro RNA (miRNA), a transfer RNA ({RNA) and
a cornbination thereof.  In some embodiments, the lipid nanoparticle of the present disclosure
turther includes mRNA of a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
encapsulated in the hydrophilic core. In other embodiments, the Hpid nanoparticle of the
present disclosure further includes mRNA of an envelope (E) protetn of a dengue virus
encapsulated in the hydrophilic core.

{00191 The details of one or more embodiments of this disclosure are set forth in the
accompanying description below.  Other features and advantages of the invention will be

apparent from the detail descriptions, and from claims.
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{00201 It is to be understood that both the foregoing general description and the following
detailed description are by examples, and are intended to provide further explanation of the

invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

{0021] The present description will be better understood from the following detailed
description read in light of the accompanying drawings, where:

{00221 Fig. 1 Protein expression after administration of SARS-CoV-2 § protein (BA.S)
mENA-LNP complexes in vitro and in vive, (A) Cellular ELISA data indicated the
successful transfection of mRNA, (B) the binding activity of immunized sera to target
evaluated by ELISA, and {C) Half-maximum inhibitory concentration (ICso) for sera from
immunized mice;

{00231 Fig. 2 Protein expression after administration of SARS-CoV-2 8 protein (W)
mRNA-LNP complexes in vitro and in vive. (A) Cellular ELISA data indicated the
successful transfection of mRNA, {B) the binding activity of unmunized sera to target
evaluated by ELISA; and

{00247 ¥ig. 3 Functional analysis of DENV2 E mRNA-LNP complexes. {A) Protein
expression level, and (B} Sera were collected from mice 6-weeks post first immunization dose,
and dengue virus-specific antibody responses were analvzed by ELISA, and (C) Half-

maximum inhibitory concentration (Cso}) for sera from immunized mice.

DETAILED DESCRIFTIONOF THE PREFERRED EMBODIMENTS
{00251 The detailed description provided below tn connection with the appended drawings

is intended as a description of the present disclosure and is not intended to represent the only

forms in which the present disclosure may be constructed or utilized.
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{0027] For convenience, certain terms emploved in the specification, examples and
appended claims are collected here.  Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood by one of the ordinary
skill in the art to which the present disclosure belongs.

[0028] Unless otherwise required by context, it will be understood that singular terms shall
include plural forms of the same and plural terms shall include the singular.  Specifically, as
used herein and in the claims, the singular forms “a” and “an” include the plural reference
unless the context clearly indicates otherwise.  Also, as used herein and in the claims, the
terms “at least ong” and “one or more” have the same meaning and include one, two, three, or
more.

{0029] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible.  Any vumerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in the
respective testing measurements.  Also, as used herein, the term “about” generally means
within 10%, 5%, 1%, or 0.5% of a given value or range.  Alternatively, the term “about”
means within an acceptable standard error of the mean when considered by one of ordinary
skill inthe art.  Other than in the operating/working examples, or unless otherwise expressly
specified, all of the numerical ranges, amounts, values and percentages such as those for
quantities of materials, durations of times, temperatures, operating conditions, ratios of
amounts, and the likes thereof disclosed herein should be understood as modified in all
instances by the term “about”  Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the present disclosure and attached claims are approximations that can
vary as desired. At the very least, each numerical parameter should at least be construed in
light of the number of reported significant digits and by applying ordinary rounding technigues.
{0030] An atom, moiety, or group described herein may be unsubstituted or substituted, as

valency permiis, unless otherwise provided expressly. The term “optionally substituted” refers
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to substituted or unsubstituted.  Unless otherwise indicated, the term “substituted,” when
used to describe a chemical structure or moiety, refers to a derivative of that structure or
moiety wherein one or more of its hydrogen atoms is substituted with one or more of atoms
or groups cther than hydrogen, such as halo, hydroxyl, atkyl, arvl, amino, alkylamine, and etc.
The term “substituted” is contemplated to include substitution with all permissible
substituents of organic compounds, any of the substituents described herein that results in the
formation of a stable compound. The present invention contemplates any and all such
combinations in order fo arrive at a stable compound.

{0031} The term “alkyl” means a straight chain, branched hydrocarbon having from 1 to 20
{eg. 11010, 1109, 1108, 1107, 1106, 1 t05, 1104, 1to3, 1to2, or 1) carbon atoms.
Examples of alkyl groups include methyl, ethvl, propyl, isopropyl, n-butyl, t-butyl, isobutyl,
2-isopropyl-3-methyl butyl, pentyl, pentan-2-yl, hexyl, isohexyl, heptyl, heptan-2-yi, 4,4-
dirnethylpentyl, octyl, 2,2, 4-trimethylpentyl, nonyl, decyl, undecyl and dodecyl. Unless
otherwise specified, each instance of alkyl is optionally substituted, ie., unsubstituted {an
“unsubstituted altkyl”} or substituted (a “substituted alky!”) with one or more substituents.  In
certain ewbodiments, the alkyl group is unsubstituted Ci0y alkyl.  In one preferred example,
the alkyl group is octyl (“~CsgHi7”).  In another preferred example, the alkyl group is dodecyi
(“-CioH21").  In other embodiments, the alkyl group is a substituted Ci.12 alkyl.  In one
preferred example, the alkyl group is ethyl substituted with one hydroxy group (*-CHsOH™).
In ancther preferred example, the alkyl group is propyi substituted with two hydroxy groups.
In further examples, the alkyl is propyl substituted with an amino group (“-CsH;NH:”) Instill
further preferred examples, the alkyl group is propyl substituted with dimethylamine (*-
CsHN(CHz ).

{00321 “cycloalkyl” refers to a radical of a non-—aromatic cyclic hydrocarbon group having
from 3 to 10 ring carbon atoms (“Us.io cycloaltkyl”} and zero heteroatoms in the non-aromatic
ring system. In certain embodiments, the cycloalkyl group is either monocyclic (“monocyclic
carboeyclyl”) or contain a fused, bridged. or spiro ring system such as a bicyclic system
{“bicyclic alkyl”}. In some embodiments, cycloalkyl ts a monocyclic, saturated carbocyelyl
group having from 3 to 10 ring carbon atoms (“Ca.10 cycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 8 ring carbon atoms (“Cz.g cycloalkyl”). In some embodiments, a

9
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cycloalkyl group has 3 to 6 ring carbon atoms (“Cs.6 cycloalkyt”). In some embodiments, a
cycloalkyl group has 5 to ¢ ring carbon atoms ("Cs.s cycloalkyl™). In some embodiments, a
cycloalkyl group has 5 to 10 ring carbon atoms (“Cs.p eycloaliyl”). Examples of Csg
cycloalkyl groups include cyclopentyl (Cs) and cyclohexy! {Cs). Examples of Ci.s cycloalkyl
groups include the aforementioned Css cycloalkyl groups as well as cyclopropyl (Cs) and
cyclobutyl (Cy4). Examples of (s cvcloalkyl groups include the aforementioned Css
cycloalkyl groups as well as cycloheptyl (C7) and cyclooctyl (Cs). Unless otherwise specified,
each instance of a cycloalkyl group is independently unsubstituted (an “unsubstituted
cycloalky!”) or substituted (a “substituted cycloalkyl”) with one or more substituents. In
certain embodiments, the cycloalkyl group is unsubstituted Ciio cvcloalkyl. In certain
embodiments, the cycloalkyl group i3 substituted Ciqe cycloalkyl. Carbocyclyl can be
partially unsaturated. C Unless otherwise specified, each instance of a cycloalkyl group is
independently optionally substituted, /.e., unsubstituied {an “unsubstituted cycloalkyl group™)
or substituted (a “substituted cycloalkyl group™} with one or more substituents. In certain
embodiments, the cycloalkyl group is unsubstituted Csoio cycloalkyl. In certain embodiments,
the cycloalkyl group is substituted Cs.yp cycloalkyl.

{00331 The term “alkenyl” refers to a radical of a straight-chain or branched hydrocarbon
group having from 2 to 20 casbon atoms, one or more carbon-carbon double bonds, and no
triple bonds (“Cae alkenyl™).  In some embodiment, an alkenyl group has 18 carbon atoms
(“Ciz alkenyl”) and one double bond (i.e., oleic acid). In some embodiments, an alkenyl
group has 18 carbon atoms and two double bonds (ie, lincleic acid).  Unless otherwise
specified, each instance of an alkenyl group is independently optionally substituted, ie.,
unsubstituted {an “unsubstituted alkeny!”} or substituted {a “substituted alkeny!”) with one or
more substituents.  In certain embodiments, the atkeny! group 1s unsubstituted Ca.20 alkenyt.
In certain embodiments, the alkenyl group is substituted Co.z0 alkenyl.

[0034] ks also to be understood that compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or the arrangement of their atoms in
space are termed “isomers”. Isomers that differ in the arrangement of their atoms in space are

termed “stereoisomers”.  Stercoisomers that are not mirror images of one another are termed

16
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“diastereomers” and those that are non-superimposable mirror images of each other are termed
“enantiomers”. When a compound has an asymmetric center, for exampile, it is bonded to four
different groups, a pair of enantiomers is possitle. An enantiomer can be characterized by the
absolute configuration of its asymmetric center and is described by the R- and S-sequencing

rules of Cahn and Prelog,

or by the manner in which the molecule rotates the plane of polarized
light and designated as dextrorotatory or levorotatory (i.e., as {+) or {-}-isomers respectively).
A chiral compound can exist as either individual enantiomer or as a mixture thereof., A mixture
containing equal proportions of the enantiomers is called a “racemic mixture”.

{0035} Unless otherwise defined, all technical and scientific terms have the same meaning
as commonly understood by one of ordinary skill in the art to which this invention pertains.
In the case of couflict, the present documwent, including definitions will control.

{0036] 1. Compounds

{0037} The compounds as described herein can have the structure of formula (I), which is
described herein,

Ry . {CH Ry
¥ ®

{CHzlaRs

{0038} In formula {1}, Ry is alkyl or cycloalkyl optionally substituted with one or more
hydroxyi, ~-CHOH, G0 , or =NR: groups. In some embodiments, R: is ethyl
substituted with one hydroxyl group. In other embodiments, R; is ethyl substituted with two
hydroxyi groups.  In further embodiments, Ry is ethyl substituted with dimethylamino group
(ie., -N{CHz)). In some embodiments, R is propyl substituted with one hydroxy group.
In further embodiments, R is propyl substituted with two hydroxy groups. In some
embodiments, Ry is hexyl substituted with one hydroxyl group.  In other embodiments, Ryis
cyclohexyl substituted with one hydroxyl group.  In further embodiments, Ry is cyclohexyl
substituted with ~CH:OH.  In stll further embodiments, R; is ethyl substituted with
“"QCHZOH

{0039} Additionally or alternatively, m and n are independently an integral between 0 and
12; and R and Rj are independently H, alkeneyl, RY, {(C=0YO(CH)R?, -O(C=0)R®, or —

{C=0)HORL, in which R? is -CR(COOR”) or -CR{COOR™YCOOR™), and R, R R, R”,
11
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and R’ are independently H or alkyl.  In some embodiments, mis S, nis 7, Ry and Rs are
independently «(C=0)}O(CH)R?, in which R? is ~CR(COOR” ), R’ is methyl, and R” is -
CsHi7. In other embodiments, m and n are independently 7, Ry is -O(C=0)R", and R; is -
(C=0)O(CHR?, in which R* is ~CR(COOR ), and R® is -CH(CsHi7). In further
embodiments, m is 10, nis 6, Ry is H, and R3 is R?, which i1s -CR’{CO0OR ™), R’ is methyl,
and R” 18 -CgHir.  In still further embodiments, mis 10, nis 6, Ry 18 H, and Rz 1s R?, which
is —CR{COOR ™y, R” s methyl, and R7is -CeHyr.  In some embodiments, mis 10, nis 6, Ry
is H, and R; is R?, which is -CR{COOR”YCOOR "), R is -CHa, R” is -CsHy7, and R7” is —
CioHzi. In other embodiments, m is 0, nis 6, Ry is -CH=CHCH,CH=CH{CH2}{H;, R3is R%
which is “-CR(COOR )2, R’ is methyl, and R” is -CeHyr.

{0040] According to embodiments of the present disclosure, the liptd of formula (I} may be

any one of,
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{0041} According to one preferred embodiment of the present disclosure, the lipid of formula
J‘/\//\//\//'

¢
o~ No ™™ Tl VI NN
04 O/\/\\/\/f N

(1) has the structure of AS-GL-85
{0042} According to another preferred embodiment of the present disclosure, the lipid of
J/\\/’\\/'\\/’
o
HOL N \x/\/‘"\,/fk O NN TN TN

, . 0“0
formula (I) has the structure of AS-CL-09

{0043} The compounds as described herein can have the structure of formuia (I1), which is,
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Ry
AN
(CH2>m o
Ry W = {CHa)~ O R (H)
R("“‘N“‘“(CHQH-—-—O Rg
(CHym O
RS

{00441 In formula (]}, m and n are independently an integral between 110 10; and Ry and
R; are independently alky! optionally substituted with one or more hydroxyl group. In some
embodiments, m and ¢ are independently 6, and Ry is propyl substituted with one hydroxy
group, while K3 is -CsHis. In other embodiments, m is 10, nis 6, and Ry is propyl substituted
with one hydroxy group, while Rz is -CeHis.

{0045] Alternatively or additionally, Ry s H or -O{C=0)R’, in which R’ is alkyl. In some
embodiments, Rois H In other embodiments, Ry is -O{C=0)R’, in which R’ is -CsHis.
{0046] According to embodiments of the present disclosure, the hipid of formula (I may be
any one of,

NN TN N N A TN

HO N ¢
} ! o TN NN N g
e NV /\/"\/
P O ’
o N ’\N PN ,\\/.p_‘g /’\\/, HOY NN N/\./’\\,/’\\/
i o}

9]
'\V/\/\\/Q\ﬁ/"\/’\\/’“\/"\f/ AN
ASL-30 o or AS-CL-21

{0047} The compounds as described herein can have the structure of formula (1), which is

R
| s
N““"(CHz)m“‘“X‘*<
HO R, (D
N~ (CHg)y X~
Rg
described herein, Rz

{0048} In formula (HI), m is an integral between 110 10, Alternatively or additionally, X

is {C=030-; and Ry, Ry, Rsand Ry are independently H, or alkyl.
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{00491 According to embodiments of the present disclosure, wherein the lipid of formula
I e P

(\/\/\)Lo/g\/\/\/\/

N ™™

H O’J/\,
N /\/‘V/\/\ﬁﬁ\C/\/\vf\,
L\V/‘\v/ RN N 0 I P N

{11} has the structure of, HL-R1E
{0030} 2. Lipid nanoparticles

{00S1] In further aspect, there is provided a lipid nanoparticle formed by one or more of

lipids of the present disclosure for the delivery of an ¢ g., nucleic
acids of a target protein or a therapeutic agent). The lipid nanoparticle comprises in its
structure, a hydrophilic core; and an outer Hipid bilayer shell formed by one or more of a lipid
of formula (1} to (1H).

{0052} Additionally or optionally, the lipid nanoparticle can further includes a therapeutic
agent disposed in the outer lipid bilayer shell or in the hydrophilic core. The therapeutic agent
will be in the hydrophilic core if hydrophilic or in the lipid shell if hydrophobic.  The
therapeutic agent may be a nucleic acid of a target protein,

{0053} Examples of the nucleic acid that may be encapsulated within the hydrophilic core of
the present hipid nanoparticle wnclude, but are not limited to, a double strand DNA (dsDNA),
a single strand DNA (ssDNA), a small interference RNA (siRNA), a short hairpin RNA
{shRNA)}, a messenger RNA (mRNA}, a micro RNA (miRNA), a transfer RNA (tRNA) and
a combination thereof.  In some embodiments, the lipid nanoparticle of the present disclosure
further includes mRNA of a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
encapsulated in the hydrophilic core. In further embodiments, the lipid nanoparticle of the
present disclosure further includes mRNA of an envelope (E) protein of a dengue virus
encapsulated in the hydrophilic core.

[0054] 3. Use of the lipid nanoparticles

{0055] 3.1 Imtracellularly delivery of nucleic acids

{0056} The present disclosure also provides methods for intracellularly delivery of an agent
of interest (e.g., a therapeutic agent) toacell.  According to some embodiments of the present
disclosure, the present lipid nanoparticle is preloaded with nucleic acids of interest {e.g.,

mRNA of spike protein of SARS-CoV-2} intended to be delivered to a target cell, and one or
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more agents to facilitate contact with, and subsequent transfection of the target cell
Preferably, the present lipid nanoparticle allows the encapsulated nucleic acids to reach the
target cells, and then transfect the target cells.  Thus, after delivery, the nucleic acids will
encode one or more of target proteins in the target cells. The present lipid nanoparticle and
methods may be used to target a vat number types of cells that include, but are not limited to,
hepatocyies, epithelial cells, hematopoietic cells, endothelial cells, lung cells, bone cells, stem
cells, mesenchymal stem cells, neural cells, cardiac cells, adipocytes, vascular smooth muscle
celis, skeletal muscle cells, B cell, T celis, leukocytes, granulocyies, fibroblasts, reticulocytes,
and etc.  According to embodiments of the present disclosure, the lipid nanoparticle pre-
loaded with nucleic acids of interest are successfully taken up by T cells, and subsequently
transfect the T cells to express the protein of interest (e.g., the spike protein of SARK-CoV-2)
encoded by the nucleic acids of interest (e.g., mRNA of the spike protein of SARS-CoV-2)
delivered thereto.  In certain embodiments, the protein of interest is produced at levels higher
than that of a control (i.e,, the baseline level of cells not being treated with the present lipid
nanoparticle).  According to embodiments of the present disclosure, the protein of interest is
expressed by the target cells {e.g., T cells) at least 1 to 100,000-folds greater than that of the
control, such as 1, 2, 3,4, 5,6, 7, 8,9, 10, 20, 30, 40, 50, 55, 60, 70, 80, 90, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000,
10,000, 20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000, and 100,000-folds
greater than that of the couotrol; preferably, at least 5 to 50,000-folds greater than that of the
control, such as 5, 6. 7, 8. 9, 10, 20, 30, 40, 50, 55, 60, 70, 80, 90, 100, 200, 300, 400, S00,
600, 700, 800, 900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000,
20,000, 30,000, 40,000, 50,000-fiolds greater than that of the conirol; more preferably, at least
10 to 10,000-tolds greater than that of the control, such as 10, 20, 30, 40, 50, 55, 60, 70, 80,
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000-fiolds greater than that of the control.  In some embodiments,
the expressed level of protein of interest remains detectable for a sustained period of time,
such as 1 day, 2 days, 3 days, 4 days, S days, 1 week or more.

{0057} Examples of the nucleic acid that may be encapsulated within the hydrophilic core of
the present lipid nanoparticle include, but are not limited to, a double strand DNA {dsDNA),

a single sirand BNA (ssDNA), a small interference RNA (siRNA), a short hairpin RNA
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{shRINA)}, a messenger RNA (mRNA), a micro RNA {miRNA), a transfer RNA (1RNA) and
a combination thereof.  In some embodiments, the lipid nanoparticle of the present disclosure
further includes mRINA of a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
encapsulated in the hydrophilic core. In further embodiments, the lipid nanoparticle of the
present disclosure further includes mRNA of an envelope (E) protein of a dengue virus
encapsulated in the hydrophilic core.

[0058] 3.2 Treatment of diseases

{00S9] The present disclosure also provides methods for the treatment and/or prophylaxis of
a disease in a subject.  The method includes administering to a target tissue of the subject an
effective amount of the present lipid nanoparticle pre-loaded with a therapeutic agent therein,
S¢ as 1o treat and/or prevent the disease.

{0060] As used herein, the term “subject” refers to any animal including, but not limited to,
humans, non-human primates, rodents, and the like, to which the lipid nanoparsticles of the
present disclosure pre-loaded with a therapeutic agent are administered.  Typically, the term
“subject” as used herein refers to a human subject.  The therapeutic agent may be an nucleic
acids of a target protein, and the like.

{0061} In some embodiments, the method includes administering to the subject the lipid
nanoparticles of the present disclosure pre-foaded with viral nucleic acids, thus the
encapsulated viral nucleic acids of interest are delivered to the target tissue (e.g., lung, liver,
and etc) of the subject, and are expressed in the target tissue and act as antigens io elicit a
controlied level of an tmumune response in the subject to immune the subject, thereby
preventing the subject from being subsequently infected by said virus and/or from developing
diseases caused by said viral infection {e.g., severe acute respiratory syndrome, SARS}.
{00621 Additionally or optionally, the lipid nanoparticles of the present disclosure is
formulated in combination with one or more additional carriers, excipients, or stabilizing
agents. The lipid nanoparticles of the present disclosure may be administered and dosed in
accerdance with current medical practice, taking into account of the clinical condition of the
subject, the site and method of administration, the scheduling of administration, the subject’s
age, sex, body weight and other factors relevant to the clinical condition. The effective
amount for the purpose herein may be determined by such relevant factors known to those of

ordinary skill in clinical research, pharmacological, clinical and medical arts. In some
18



N

10

-
=

30

WO 2023/239836 PCT/US2023/024788

embodiments, the amount administered is effective to achieve at least some level of stabilizing,
improving, or eliminating symptoms of the disease, or prevents the disease from progressing.
For example, a suitable amount and dosing regimer is one that causes at least transient protein
production.

[0063] Suitable routes of administration include, for example, oral, rectal, vaginal,
transmucosal, pulmonary (e.g., intratracheal, inhaled, and etc), or intestinal administration;
parenteral delivery including intramuscular, subcutaneous, intramedullary injection, as well
as intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal or intraocular
injection.

[0064] Alternatively, the lipid nanoparticles of the present disclosure may be administered
in alocal rather systemic manner, for example, via injection of the lipid nanoparticles directly
into atarget tissue.  Local delivery may be affected in various ways, depending on the tissue
to be targeted.  For example, aercsols containing the present lipid nanoparticles can be
inhaled {for nasal, tracheal or bronchial delivery); lipid nanoparticies of the present disclosure
can be injected into the site where the disease manifests, or where pain occurs.  Also, the
lipid nanoparticles may be provided in lozenges for oral, tracheal, or esophageal application;
or can be supplied in lquid, tablet or capsule form for administration to the stomach or
intestines; or can be delivered to the eye by use of creams, drops, or even injection.

{00651 In some embodiments, the lipid nanoparticles of the present disclosure are formulated
such that it is suitable for extended-release of nucleic acids contained therein. Such extended-
release lipid nanoparticles may be administered to the subject at extended dosing intervals.
For example, the lipid nanoparticles of the present disclosure may be administered to a subject
daily, or twice per day, or every other day. In some preferred embodiments, the lipid
nanoparticles are administered to the subject once 3 week, twice a week, every 10 days, every
two weeks, every three weeks, or every four weeks, once a month, every six weeks, every
cight weeks, every other month, every other month, every three months, every four months,
every six months, every eight months, every nine months or annually.  Also contemplated
herein are compositions which are formulated for depot admimistration {eg, by
intramuscularly, subcutaneously, and ete) to either deliver or release nucleic acids over

extended period of time.
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{00661 Also contemplated herein are iyvophilized compositions comprising one or more of
the lipid nanoparticles disclosed herein.  The lyophilized composition of the present
disclosure may be reconstituted prior to administration or can be reconstituted iz vivo. For
exaniple, a lvophilized compesition can be formulated in an appropriate dosage form {(e.g., an
intradermal dosage such as a disk, rod, or membrane) and administered such that the dosage
form is rehydrated over time i vive by the individual’s body fluid.

{0067] The present invention will now be described more specifically with reference to the
following embodiments, which are provided for the purpose of demonstration rather than
fimitation.  While they are typically of those that might be used, other procedures,
methodologies, or techniques known to those skilled in the art may alternatively be used.
[0068] EXAMPLES

{0069] Materials and methods

{0070} Fvaluation of in vitro SARS-CoV-2 § protein expression by Celfular £1IS4

{0071] SARS-CoV-2Z § protein mRNA-LNPs were individually transfected into 2937
cells and cultured at 37°C in DMEM medium containing 10% FBS for 24 h. After transfection,
the cells were fixed with 4% paraformaldehyde/PBS for 15 min, and then were permeabilized
with 0.1% Triton X-100 for 10 min. After washing, 100 ng/ral anti-RBD chimeric antibodies
were added to the wells for 1 hr at room temperature. Then, the horseradish peroxidase-
conjugated anti-buman antibody (1:8000) were added for 1 hr at room temperature, as
appropriate. The plates were washed three times with PBS containing 0.1% Tween-20
{PBSTO.1) and then incubated for 1 hour with peroxidase-affinipure goat anti-mouse IgG
{(H+L) (Jackson ImmunoResearch) (1:5000 dilution). After three washes with PBSTO1,
the signal was produced using 3,3'5,5'-Tetramethylbenzidine {TMB} color development
{(TMBW-10006-01, SURMODICS). Finally, the reaction was stopped with 3 N HCL and
absorbance was measured at 450 nm by an ELISA reader (Versa Max Tunable Microplate
Reader; Molecular Devices).

{0072} Mouse immunization

{0073} Groups of 6- to 8-week-old BALB/c mice were immunized via intramuscular (1.m .}
injection with designated mBRNP-LNP (i.e, MC3-LNP, SM102-LNP, AS-CLOS-LNP, AS-
CLO9-LNP, AS-CL28-LNP, or AS-CL3S-LNP each dose contained 10 ug of mRNA) at the

beginning of the experiment (day 0), followed by additional boost injections respectively at
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the second and 4 weeks. Serum samples were collected 4, 6, and 8 weeks after the first
immunization {day 0) and tested for binding activity towards FLS-W'T or FLS-BA S protein,
and neutralization activity via pseudovirus assay.

{0074]  Pseudovirus neutralization asscay

[0075] Blood samples were coliected from mice 6 weeks after the first boost, and the sera
were used to determine the neutralization activity against BA 5 SARS-CoV-2 pseudoviruses.
The pseundovirus neutralization assays were performed using SARS-CoV-2 pseudotyped
fentiviruses expressing fuil-length § protein and firefly luciferase in HEK293T celis
overexpressing human ACEZ2 (HEK293T/hACEZ; purchased from the National RNA1 Core
Facility, Academia Sinica, Taiwan). The half-maximal inhibitory concentration (ICse) was
calculated by nonlinear regression using Prism software version 8.1.0 {(GraphPad Software
Inc). The average ICso value for each experimental group was determined from three
independent experiments.

{0076] Plague reduction neutralization titer (PRNT) assay

{0077} Sera from amimals injected with DENV2 E mRNA-LNPs were serially diluted in
PBS and pre-incubated with 100 plaque-forming units {(PFU) DENV2 for 1 h at 37°C. The
mixtures were then added to pre-seeded BHK-21 celis for 1 b at 37°C. The virus-contatning
culture roedium was rervoved and replaced with DMEM containing 2% FBS and 1% methyl-
celinlose for an additional 4-day incubation. The cells were fixed with 10% formaldehyde
overnight and stained with 0.5% crystal violet for 20 min. The plates were then washed with
tap water, and the numbers of plaques formed at each dilution were counted. Each experiment
was performed in triplicate. Plague reduction was calculated as follows: Inhibition percentage
= 100 x {1 — (plagque vumber with imrounized serum / plague number without immunized
serum)]. The 50% plague reduction (PRNTse} value was calculated with Prism software. The
DENVZ strain 16881 was used in this study.

{0078} Example 1 Synthesis of the present compounds

{00791 In general, the compounds of the present disclosure were synthesized in accordance
with the procedures outlined in Schemes 1 to §, in whihc the amines required for step 7 in
scheme 1 are listed in Table 1.

{0080} Scheme I, General procedure of di-substituted malonic ester compounds.
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{0083] Scheme 3, The synthesis of AS-CL-19.
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{0085} Scheme S5, The synthesis of AS-CL-36 and AS-CL-31.
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{00861 Compound 1a: disctyl malonate (1a) (Step 1}

/\/\x\w\aj\/iof\/\/\/\

1

{00871 A mixture solution of malonic acid (2.61 g, 25.08 mmel) and octanol (7.18 g, 55.13
mmol} in dicholomethane (DCM) was stirred at 0°C, and then the addition of 1-Ethyl-3-(3-
dimethylaminopropyljcarbodiimide  (EDCEH (1058 g, 5518 mmol) and (4
dimethylaminopyridine} DMAP (613 mg, 5 mmol). After stuting at RT overnight, the
reaction solution was washed 2N HClug and brine and dried over MgSOy. After evaporation,
the residue was purified by silica gel columu chromatography with ethyl acetate/hexane
(EA/Hea) (1/20) to vield the compound 1a (7.66 g, 2332 romol) as a colorless oil. *H NMR
{600 MHe, CDCLY 8 4,12 (t, J= 6.6 Hz, 4H), 3.35 (5, 2H), 1.63-1.60 (m, 4H), 1.32-1.26 (m,
20H), 0.86 (1, /= 7.2 Hz, 6H). PC NMR (150 MHz, CDCI5) 8§ 166.7, 65.6,41.7,31.7, 29 1{x2),
28.4, 258, 22,6, 14.0.
{0088} Compound ib: didecy malonate

g O
B N N NN
1%

{0089} Compound 1h was synthesized according to the general step 1 procedure in scheme 1.
The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI5} 8 4.12 (t, J
= 6.6 Hz, 4H), 3.35 (s, 2H), 1.65-1.60 (m, 4H), 1.33-1.25 (m, 28H), 0.87 (1, J = 7.2 Hz, 6H).
B3¢ NMR. (150 MHz, CDCL3) 8 166.6, 65.6, 41.6, 31.8, 29.4 (x2), 29.2, 29.1, 28.4, 25.7, 22.6,
14.0.

{0090] Compound lc: diundecyl malonate
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{0091} Compound Fe was synthesized according to the general step 1 procedure in scheme 1.
The title compound was obtained as a colorless oil. TH NMR (600 MHz, CDCl3) 8 412 (¢, J
= 6.6 Hz, 4H), 3.35 (s, 2H), 1.65-1.59 (m, 4H), 1.32-1.25 (m, 32H), 0.87 (t, /= 7.2 Hz, 6H).
BONMR (150 MHz, CDCHYS 170.3,65.6,46.3,32.0,29.7, 296,294, 293,286,259, 22.8,
142,137
[0092] Compoun 2a: diectyl 2-methylmalonate {(Step 2}
/\,»\/\thj\:jm/\w'\y/\«\
N
{00931 NaH (430 mg, 10.8 mmol) was added to a solution of dioctyl malonate (4.43 g, 13.5
mmol) tn THF at 0°C, and then the addition of Mel (0.66 mL, 10.8 mmol). After stirring at
R.T overnight, the reaction solution was washed sat. NHaClag and brine and dried over
MaSOy. After evaporation, the residue was purified by silica gel coluran chromatography with
EA/Hea (1/40) to yield the compound 2a (2.45 g, 7.15 mmol) as a colorless oil. 'H NMR {600
MHz, CDCls) 8 4.15-4.08 (m, 4H), 3.42 (g, J= 7.2 Hz, 1H), 1.65-1.57 (m, 4H), 1 41 (d, J =
7.2 Hz, 3H), 1.33-1.28 (m, 20H), 0.88 (1, J = 7.2 Hz, 6H). C NMR (150 MHz, CDCl3) &
170.2, 65.5,46.2, 31.8, 29.2(x2), 28.5, 25.8, 22.6, 14.1, 13 6.
{0094] Cowmpound 2b: didecyl 2-methylmalonate
IS S BSOS
as
{00957 Compound 2b was synthesized according to the general step 2 procedure in scheme 1.
The title compound was obtained as a colorless oil. TH NMR (600 MHz, CDCl3) § 4.14-4.09
(m, 4H), 3.42 (q, J = 7.2 Hz, 1H), 1.64-1.60 {m, 4H), 1.41 (d, J= 7.2 Hz, 3H), 1.32-1.25 {m,
28H), 0.87 (t, /= 7.2 Hz, 6H). PC NMR (150 MHz, CDCl3) 6 170.2, 655, 462, 318,295
(x2),29.3,292,28.5,25.8,22.6, 14.1.
{0096} Compound 2¢: diundecyl 2-methylmalonate
DU § SO
"
{0097} Compound 2¢ was synthesized according to the general step 2 procedure in scheme 1.
The title compound was obtained as a colorless oil. "H NMR (600 MHz, CDCl3) 5 4.12-4.07
24
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{m, 4H3, 3,40 (g, /=72 Hz, 1H), 1.61-1.39 (m, 68}, 1.39(d, J= 7.2 Hz, 3H}, 1.35-1.25 (m,
30H), 0.85 (1, ./ = 7.2 Hz, 6H). PC NMR (150 MHz, CDCl5) § 1703, 65.6, 46.3,32.0, 297,
206,294,293 286,259,228,142,13.7.
{00981 Cempeund 2d: dioctyl Z-ethylmalonate

o0

N N NN /L\v}l\ N N N
O Y O
4

-

a4
{0099] Compound 2d was synthesized according to the general step 2 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl:) § 4.14-
4.08 (m, 4H), 3.24 (1, J = 7.2 Hz, 1H), 1.94-1.89 (m, 2H),1.64-1.58 (m, 4H), 1.35-1.26 (m,
20H), 0.95 (1,.J = 7.2 Hz, 3H), 0.87 (t, ./ = 7.2 Hz, 6H). C NMR (150 MHz, CDCl3) § 169.5,
654 536,317,201, 285, 258,226,222, 140, 11.8.
{001060] Compound 2e: dioctyl 2-propylmalonate
AN \,f\,/‘\__.)j\ j\c’/‘\/\f’\“"\
~
2
[00101] Compound 2e was synthesized according to the general step 2 procedure in
scheme 1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) §
4.15-4.08 (m, 4H), 333 (t, S =78 Hz, 1H), 1.89-1.8S (m, 2H), 1.64-1.60 {m, 4H), 1.37-1.27
{m, 22H), 0.93 (1, J = 7.2 Hz, 6H), 0.88 (¢, ./ = 7.2 Hz, 6H). ’C NMR (150 MHz, CDCl3) &
1697, 654,519,317, 308,291,285 258,226,206 140, 13.7 MS (ESI). m/z [M+Na]"
393.2973 for CpHapGulNa.

{00102] Compound 2{: dioctyl 2-(6-(benzyloxyihexyimalonate
'Ci} Q
LVAV/\V’OB”
26
{00103] Compound 2f was synthesized according to the general step 2 procedure in

scheme 1. The title compound was obtained as a colorless oil. TH NMR (600 MHz, CDCl3) &
7.35-7.26 (m, 5H), 4.49 (s, 2H), 4.15-4.08 (m, 4H), 3.45(, J = 6.6 Hz, 2H), 331 (4L ] = 6.6
Hz, 1H), 1.90-1.86 (m, 2H), 1.64-1.59 (m, 6H), 1.33-1.29 (m, 26H), 0.86 (¢, J = 7.2 Hz, 6H).
BCNMR (150 MHz, CDCL) 5 169.6, 138.5, 128.3,127.6, 127.5,72.9, 70.3, 65.4, 52.1, 31 .8,
29.6,292(x2),29.1,28.7,28.5, 273,259, 258,226, 14.1.
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{00104] Compound 2g: l-decyl 3-octyl 2-methyimalonate

\I?Lﬂ,\mf\

QP TN TN TN TN TN

2

{00105] Compound 2g was synthesized according to the general step 2 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDClz) 6 4.15-
4,08 {m, 4H), 342 (g, /=72 Hz, TH}, 1.65-1.60 (m, 4H), 1.41 (d, /= 7.2 Hz, 3H)}, 1.33-1.26
{(m, 24H), 0.89-0.87 (m, 6H). VC NMR (150 MHz, CDCl3) § 170.2, 655,642, 31.9, 318,
296,293, 2925 2921,285,258,227,22.6, 1410, 14.08, 136,
[00106] Compound 2h: 1-hexyl J-octyl 2-methyimalonate

2
04‘5\0*/\\//\\/’\
2h

[001071 Compound 2k was synthesized according to the general step 2 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI33 8 4.15-
4.08 {m, 4H), 3.42 (g, ./ = 7.2 Hz, TH), 1.65-1.60 (m, 4H), 1.41(d, /= 7.2 Hz, 3H), 1.30-1.27
(m, 16H), 0.89-0.87 (m, 6H). *C NMR (150 MHz, CDCI3) § 170.3, 655, 46.2, 31.8, 314,
202 (x2), 28.5, 28.4, 25.8, 25.5, 22.6, 22.5, 14.1, 14.0, 13.6.

[00108] Compound 2i: didecyl 2-ethyimalonate

[
PV i Ve \O/ELI/EL‘O/\’/\/\/\*/\'

-

2§
[00109] Compound 21 was synthesized according to the general step 2 procedure in scheme

i. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) & 4.14-
4.09 (m, 4H), 3.25 (¢, J= 7.2 Hz, 1H), 1.95-1.90 {m, 2H), 1.64-1.60 {m, 4H), 1.32-1.25 (m,
26H), 0.96 (t, J=7.2 Hz, 3H), 0.87 (t, J=7.2 He, 6H). C NMR (150 MHz, CDCl3) 5 169.7,
65.5,53.7,32.0,296(x2),294,293,286,259,228 223,142,120,

{00110] Compound 3a: dioctyl 2-{(benzyloxy)methvl}-2-methylmalonate (Step 3)

o]
ane” /J\o/\\,/’\_/’\\/-’\\
o O/\/’\/’\\,/\\
3a

{00111] NaH {165 mg, 413 mmol) was added to a solution of dioctyl 2-methylmalonate (1.4

g, 4.08 mmol) in THF at 0°C, and then the addition of benzyl chioromethy] ether {0.56 ml,,
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4.08 mmol). After stirring under reflux overnight, the reaction solution was washed with sat.
NHiCliugy and brine and dried over MaSQy. After evaporation, the residue was purified by
silica gel column chromatography with EA/Hex (1/25) to yield the compound 3a (1.4 g, 3.02
mmol, 74%;) as a colorless oil. 'H NMR (600 MHz, CDCi3) 8 7.36-7.27 (m, 5H), 4.53 (s, 2H),
4,10 (t, J = 6.6 Hz, 4H), 3.81 (s, 2H), 1.60-1.57 (m, 4H), 1.53 (s, 3H), 1.30-1.25 (m, 20H),
0.88 (1, /=72 Hz, 6H). PC NMR (150 MHz, CDCls) 6 170.7, 138.0, 1283, 127.5, 127 4,
73.4,727,65.5,54.9, 31.8,29.2(x2), 28.5, 258, 22.6, 185, 14.1.

[00112] Compound 3b: dioctyl 2-{(d-(benzyloxyibutyl}-2-methyimalonate

B"O\/\\/\E/'kg/‘\/’\\/’\\/"\
(;‘f\c)/\/\/\\/\

30
{00113] Compound 3b was synthesized according to the general step 3 procedure in scheme
i. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) § 7.35-
7.27 (xa, SH), 448 (3, 2H),4.09 (t, /=6.6 He, 4H), 3.46 (1, /= 6.6 Hz, 2H) 1 88-1.86 (1, 2H),
1.65-1.58 (m, 6H), 1.40 (s, 3H), 1.29-1.26 (m, 22H), 0.88 (¢, /= 7.2 Hz, 6H), 3C NMR (150
MHz, CDCI3)8 172.4, 1385, 1283, 127.5,127.4,728,699,653,53.7,353,31.7,299,29.1
(x2),28.4,25.8,22.6,21.0, 19.8, 14.0; MS (ESL: m/z [M+Na]" 527.3703 for CsiHsiOsNa.
{00114] Compound 3¢: dioctyl 2-(6-(benzyioxy)hexyl}-2-methylmalonate

B0 jrj\o/\f\f\.f"\
P s SN N N
3¢

{00115] Compound 3¢ was synthesized according to the general step 3 procedure in scheme
1. The title compound was obtained as a light-yellow oil. "TH NMR (600 MHz, CDCl3) 6 7.35-
7.27 {m, 5H), 449 (s, 2H), 409 {t, J = 6.6 Hz, 4H), 345 (t, /= 6.6 Hz, 2H), 1.85-1.83 (m, 2
H), 1.62-1.57 (m, 4H), 1.39 ¢s, 3H), 1.38-1.24 (m, 28H), 0.88 (&, J = 7.2 Hz, 6H). PC NMR
{150 MHz, CDCl:38172.6,138.7,1283,127.6,127.5,729,70.4,65.3, 53 8 355,312,297,
29.6{(x2),29.2,285,260,258,243,226,199,14.1.

{00116] Compound 34: diectyl 2-(8-(benzyloxy)octyi}-2-methylmalonate

CAPNPRPRPN SRR

OF T TN
kD]
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{00117 Compound 3d was synthesized according to the general step 3 procedure in scheme
1. The title compound was obtained as a light-yellow oil. '"H NMR (600 MHz, CDClz) § 7.35-
7.26 (m, SH), 4.50 (s, 2H), 4.13-4.06 (m, 4H), 3.45 (1, J = 6.6 Hz, 2H), 1.85-1.82 (m, 2H),
1.62-1.55 (m, 6H), 1.39 (s, 3H), 1.33-1.26 (m, 30H), 0.88 {t, /= 7.2 Hz, 6H). 1’C NMR (150
MHz, CDCl3} 6 172.6, 138.7, 128.3, 127.6, 127.4, 72.8, 70.5, 65.2, 53.8, 35.6,31.8,29.9, 297
(x2),294,293,292,285, 262,259,243, 226,199 141

[00118] Compound 3e: diectyl 2-(6-{benzyloxy)hexyl}-2-ethylmalonate

~ O
&n {3\//\//\//\+JL. NN
04;\0/\/‘\//\\/’\
3e

{00119] Compound 3e was synthesized according to the general step 3 procedure in scheme
1. The title compound was obtained as a light-vellow oil. "H NMR (600 MHz, CDC13) 8 7.35-
7.26{(m, SH), 449 (s, 2H), 409 (1, /=066 Hz 4H), 345, /J=60Hz 2H), 192 (g, /=72
Hz, 2H), 1.87-1.84 (m, 2H), 1.61-1.58 {m, 6H), 1.38-1.26 (m, 24H), 1.16-1.12 (m, 2H), 0.88
{t, J = 6.6 Hz, 6H), 0.80 {1, J = 6.6 Hz, 3H). C NMR (150 MHz, CDCl3} 6 171.9, 138.5,
128.2, 127.5, 127.3, 72.7, 70.2, 65.0, 57.9, 31.7, 31.5, 29.6, 29.5, 29.1, 29.0, 28.4, 25.9, 25 8,
251,238,225, 140, 83.

[00120] Compound 3f: dioctyl 2-(6-(benzyloxy}hexyi}-2-propylmalonate

L

o]
BrO. S JLG PN
IS s A g

3
{00121] Compound 3f was synthesized according to the general step 3 procedure in scheme
1. The title compound was obtained as a light-yellow oil. 'H NMR {600 MHz, CDC133 8 7.35-
7.27 {m, 5H), 4.50 (s, 2H}, 408 {t, /= 6.6 Hz, 4H), 347-3 43 (m, 2H) 1.87-1.82 (m, 4H),
1.61-1.58 {m, 6H), 1.36-1.26 (m, 26H), 1.17-1.15 {(m, 2H), 091 (t, /=72 Hz 3H), 088 (t,.J
= 7.2 Hz, 6H}. “C NMR (150 MHz, CDCl3) § 172.0,138.6, 1283, 127.5, 1274, 72.8, 70.3,
65.1,57,6,35.5,32.2,31.8,29.7,29.6,292,201, 285, 259,258,240,226,174,144, 140,
1001227 Compound 3g: 1-decyl 3-ectyl 2-(6-{benzyioxy)hexyl}-2-methyimalonate

o
B0~ }J\O/\/\/\/\
G/ Gl’\\'//\\//\\’//\\//\\
3g
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[{00123] Compound 3g was synthesized according to the general step 3 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) 8 7.34-
7.25 (m, SH), 4.49 (s, 2H), 4.10-4.08 (m, 4H), 3.45 (1, J = 6.6 Hz, 2H), 1.86-1.83 (m, 2H),
1.62-1.58 (m, 6H), 1.39 (s, 3H), 1.38-1.19 (m, 30 H), 0.89-0.87 (m, 6H). °C NMR (150 MHz,
CDCI) 81726, 138.7, 1283, 127.6, 127.5,72.9, 70.4, 65.3, 53.8,35.6,31 9,31 8,29.8, 297,
2296, 293, 2924, 2922, 2520, 285, 260, 259, 243,227, 226, 199, 14,11, 1409 MS
(EST): m/z [M+Nal" 583 4333 for C3:HsOsNa.

1001247 Compound 3h: 1-hexyl 3-octyl 2-{6-(benzyloxylhexyl)-2-methylmalonate

Bnﬂv\./\.x\i/ﬁ\of\/\f\/\

AN N N

e
{00125] Compound 3h was synthesized according to the geveral step 3 procedure in scheme
1. The title compound was obtained as a colotless oif. 'H NMR (600 MHz, CDCH:) § 7.35-
7.27 (m, SH), 4,49 (s, 2H), 4.09 (1, /= 6.6 He, 4H), 3.45 (1, ./ = 6.6 Hz, 2H) 1.85-1.83 (m, 2H),
1.62-1.59 (m, 6H), 1.38 (s, 3H), 1.32-1.26 (m, 22H), 0.89-0.87 {m, 6H). *C NMR (150 MHz,
CDCL) 6 172.5,138.6, 1283, 127.6, 127.4, 72.8, 70.3, 65.2, 53.7,35.5,31.7, 31.3,29.7, 29.6,
291 {x2), 285, 284, 259258, 25.5, 242, 22.6, 22.5, 19.8, 14.0, 13.9. MS (ESIy. mz
[M+Na]* 527.3712 for C3:Hs205Na.

{00126] Compound 3i: 1-hexyl 3-octyl 2-(6-(benzyloxyihexyl}-2-methylmalonate

~ %
Bn(}.vw}'\ 57NN NN
04;\0/\\//\\/‘\/"\/"\
3

{00127] Compound 3i was synthesized according to the general step 3 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) § 7.35-
7.27 {m, SH), 448 (s, 2H), 409 (1, /= 6.6 Hz, 4H), 346 (t, /= 6.6 Hz, ZH), 1.95-1 87 (m,
4H), 1.65-1.57 {m, 6H), 1.38-1.26 (m, 30H), 0.88 (t, J = 6.6 Hz, 6H), 0.80 (t, J = 6.6 Hz, 3H).
BCNMR (150 MHz, CDCl3) 8 172.0, 138.6, 1284, 127.6, 127.5, 73.0, 70.0, 652, 58.1, 31.9,
31.5,30.1,29.6 (x2), 29.4,29.3,28.6,25.9,25.2,22.7, 20.7. 14.1, 8.5. MS (ESI): m/z [M'+H]"
575.4675 for C3eHs30s.

[00128] Compound 4a: dioctyl 2-(bydroxymethyl}-2~-methylmalonate {(Step 4)
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¢}
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Q’:%\O/ N N S
4a

(001297 A mixture solution of dioctyl 2-{{benzyloxymethy!)-2-methyvimalonate (1.4 g, 3.02
mmol) and PA/C (cat) in AcOH/MeCOH (4/1) was stirred at R'T under Hy atmosphere
overnight. After filtration and evaporation, the residue was dissolved in DUM and washed
with sat. NaHCOsq and dried over MgB8(y. The desired product 4a (1.07 g, 2.87 mmol, 95%)
as a colorless oil was obtained without further purification. "H NMR (600 MHz, CDCls) §
413 (1, J = 6.6 Hz, 4H), 3.83 (s, 2H), 1.64-1.59 (m, 4H), 143 (s, 3H), 1.28-1.26 (m, 20H),
0.87 {t, ./ = 7.2 Hz, 6H). “C NMR (150 MHz, CDCl3) § 171.7, 669, 65.7, 55.9, 31.8, 29.1
(x2), 28.4,25.8,22.6, 17.6, 14.1.

{00130] Compound 4b: disctyl 2-(4-hydroxybutyl}-2-methylmalonate

&
HO\,/\V/jL\J\O/\\,/\/\/"\
OGN N NN
4

5
{00131] Compound 4b was synthesized according to the general step 4 procedure in schere
1. The title compound was obtained as a colorless oil. ""H NMR (600 MHz, CDCl:) 8§ 4.09 (&,
J=60Hz 4H), 3.64 (1, ./ = 0.6 Hz, 2H}, 1.88-1.85 {m, 2H), 1.62-1.55 (m, 8H), 1.40 (s, 3H},
1.29-1.27 (m, 20H), 0.87 (1, .J = 7.2 Hz, 6H). 1'C NMR (150 MHz, CDCHL) 5 172.5, 65.4, 62 4,
53.8,352,32.8, 31.8, 29.2 (x2), 28.5, 25.8, 22.6, 20.6, 19.9, 14.1.

[00132] Compound 4¢: diectyl 2-{(6-hydrexyhexyl}-2-methylmalonate

O
HO fu\of\/\/\/\
N NN

e
{00133] Compound 4¢ was synthesized according to the general step 4 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCIs) 8§ 4.00 (x,
J=6.6 Hz, 4H), 3.63 (1, J= 6.6 Hz, ZH), 1.86-1.83 (m, 2H}, 1.62-1.54 (m, 6H), 1.39 (s, 3H),
1.31-1.27 (m, 26H), 0.88 (t, J= 7.2 Hz, 6H). *C NMR (150 MHz, CDCl) 8 65.3, 62.9, 53.8,

35.5,32.7,31.8,29.7(x2),292,28.5,25.6,255,243, 226,199, 14 1.
[00134] Compound 4d: diectyl 2-(§-hydroxyoctyl)-2-methylmalonate
o]

HO ™S /h\O/'\,/\' PNy
G NN I
44
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{001357 Compound 4d was synthesized according to the general step 4 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) 8 4.11-
4.07 (m, 4H), 3.63 (1, J = 6.6 Hz, 2H), 1.85-1.82 (m, 2H), 1.61-1.54 (m, 6H), 1.39 (s, 3H),
1.20-1.27 (m, 30 H), 0.88 (t, /= 7.2 Hz, 6H). *C NMR (150 MHz, CDCl:) 5 65.3, 63.0, 53.8,
35.6,32.8,31.8, 29.8 (x2), 29.34, 29.3,29.2, 28 5,25.9, 25.7, 24 3, 22.6, 199, 14.1.

{00136] Compound de: dioctyl 2-ethyi-2-(6~-hydroxyhexyhmalonate

~ B
HO ™ //LL A NN
NI

4
{00137] Compound 4e was synthesized according to the general step 4 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl5) § 4.08-
4.06 (m, 4H), 3.61-3.59 (m, 2H), 1.89 (q, /= 7.2 Hz, 2H), 1.85-1.83 (m, 2H), 1.59-1.52 {m,
6H), 1.32-1.22 (m, 24H), 1.15-1.13 (m, 2H), 0.87-0.85 {m, 6H), 0.79 {, /=72 Hz, 3H). VC
NMR (150 MHz, CDCl5) & 172.1, 652, 63.0, 58.1, 327, 31.8,31.7, 207,293,202, 280,
25.9,257,253,240, 227, 141,85,

{00138] Compound 41 diectyl 2-(6-hydroxyhexyl})-2-prepyimalonate

e}
HO\V/\V/\,/\i,U\O PN
0¢ \O/‘\"‘/\/\ TN
4f

{00139] Compound 4f was synthesized according to the general step 4 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) § 4.08 (¢,
J=66Hz, 4H), 3.62 (1,./= 6.6 Hz, 2H), 1.87-1 82 {m, 4H), 1.64-1.53 (m, 6H), 1.36-1.25 (m,
26H), 1.20-1.13 (m, 2H), 0.91 (t, J =72 Hz, 3H), 0.88 (¢, J = 7.2 Hz, 6H). ’C NMR (150
MHz, CDCl) 0 172.0, 65.1, 62.9, 57.6, 345, 326, 31.7, 296, 292, 29.1, 285, 25§, 257,
25.4,24.0,22.6,17.4, 14.4, 14.0.

{001407 Compound 4g: disctyl 2-(6-hydroxyhexy)malonate

o
Ho.\/\/\/j:l’\ NN NN
PG N NN

ag

{00141] Compound 4g was synthesized according to the general step 4 procedure in scheme

1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI) § 4.15-

4,08 (m, 4H), 3.63 (. J = 6.6 Hz, 2H), 331 &,/ = 7.8 Hz, 1H), 1.91-1.87 (m, 2H), 1.64-1.53
31
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(m, 8H), 1.35-1.33 (m, 24H), 0.87 (¢, J= 7.2 Hz, 6H). PC NMR (150 MHz, CDCl33 8 1696,
654,629 52.1,32.6,31.8,29.2(x2),29.0,2806,285 273 258,254, 226, 14.1.
{001427 Compound 4h: 1-decyl 3-opctyl 2-(6-hydroxyhexyl}-2-methylmalonate

HO o~ /ﬂ\o/\,/\\,/\/-\\
GG TN
ah

{00143] Compound 4h was synthesized according to the general step 4 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl5) § 4.09-
4,07 (m, 4H), 3.61 (1, J = 6.6 Hz, 2H), 1.85-1.82 (m, 2H), 1.60-1.50 (m, 6H), 1.38 (s, 3H),
1.37-1.21 (m, 30H), 0.88-0.86 {m, 6H). C NMR (150 MHz, CDCl2) 5 172.6, 654, 63.0, 53.8,
35.6,32.7,32.0,31.8,29.7,29.6,29.4, 293, 29.26, 29.24, 28.6, 25.9, 25.6, 24 3, 22.73, 22.70,
200,142, 14 1.

{00144] Compound 4i: 1-hexyl 3-octyl 2-{(6-hydroxyhexyl}-2-methylmalonate

O ,Jt\ RPNy

P N,

&
{001457 Compound 4i was synthesized according to the general step 4 procedure in scheme
1. The title compound was obtained as a coloriess oif. "H NMR (600 MHz, CDCls) § 4.09 (¢,
J=6.6 Hz, 4H), 3.62 (1,./= 6.6 Hz, 2H), 1.85-1.83 (m, 2H), 1.62-1.59 (m, 6H), 1.58-1.52 (m,
2H),1.39 (s, 3H), 1.30-1.26 (m, 20H), 0.89-0.86 (m, 6H). P"C NMR (150 MHz, CDC1)§172.6,

5.3 (x2), 62.9, 53.8, 35.5,32.7, 31.8, 31.4, 20.7, 29.2 (x2), 28.5, 28.4, 25.9, 25.5 {x2), 24.3,
226,225 199 141, 14 0.

[00146] Compound 4j: didecyl 2-ethyl-2-(4-hydroxybutyl)malonate

HO~~. j")\of\vf\/\/\/\
Pt T N N P
8
{00147 Compound 4] was synthesized according to the general step 4 procedure in scheme

i. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls} § 4.09 (¢,
J=6.6 Hz, 4H), 3.63 (1, J = 6.6 Hz, 2H), 1.95-1.87 (m, 4H), 1.61-1.35 (m, 6H), 1.34-1.24 (m,
30H), 0.87 (t, J= 6.6 Hz, 6H), 0.81 (1, /= 6.6 Hz, 3H). YC NMR (150 MHz, CDCL:) 8 171.9,
65.2,62.5,58.1,32.8, 31.9, 31.4, 29.6 (x2), 29.3, 29.2, 28.5,25.9, 25,4, 22.7, 20.3, 14.1, 8.5.
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{00148] Compound Sa: dioctyl 2-{{{6-bromohexancyijoxypmethyl)-2-methyimalonate
{Step 5)
o a
Bra o~ /"*\_/ilxo/\ E‘E\O/\/‘\/"\,f\
BN TN NN,

EN
{00149] A mixture solution of compound 4a (440 mg, 1.18 mmol) and O-bromohexanoic acid
{230 mg, 1.18 mmol} in dicholomethane (DCM) was stirred at 0 °C, and then the addition of
1-ethyl-3-3-dimethylaminopropyl)carbodiimide (EDCL (275 mg, 142 mmol) and 4-
dimethylaminopyridine (DMAP) (30 mg, 024 mmol). After stirring at R.T overnight, the
reaction solution was washed with ZN HClug and brine and dried over MgSQOs After
evaporation, the residue was purified by silica gel column chromatography with ethyl
acetate/hexane (EA/Hex) (1/25) to yield the desired product 5a (520 mg, 0.95 mmeol, 80%) as
a colorless oil. "H NMR (600 MHz, CDCl3) 6 4.45 (5, 2H), 4.12 (1, J= 6.6 Hz, 4H), 339 (1, J
= 6.6 Hz, 2H), 231 (t, J= 7.2 Hz, 2H), 1.88-1.83 {m, 2H), 1.65-1.59 (m, 6H), 1.48 (s, 3H),
1.47-1.44 (m, 2H), 1.43-1.26 (m, 22H), 0.88 (t,./= 7.2 Hz, 6H). °C NMR (150 MHz, CDCl3)
§172.8, 170.0, 66.4, 65.9, 53.9, 33.9, 33.4, 32.4, 31.9, 29.3(x2), 28.5, 27.7, 25.9, 24.1, 22.7,
184, 142,

{00150] Compound Sh: dioctyl 2-(({(8-bromoocctanoyljexymethyl}-2-methylmalonate

o] [o]
B"\/\/\/A\/'kg lko/\/’\/’\/\
PN
b

{001517 Compound 5b was synthesized according to the general step 5 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) 8 4.44 (s,
2H), 4.12{t, /=066Hz 4H) 340 (1 J=66Hz 2H) 229, /=72 Hz 2H), 1.87-1.82 (m,
2H), 1.63-1.59 (m, 64}, 1.48 (s, 3H), 1.44-1.40 (m, 2H), 1.33-127 (m, 26H), 088 (1, /=72
Hz, 6H). PC NMR (150 MHz, CDChL) 8 173.1, 170.0, 66.3, 659, 53.9,34.1, 33.9, 32.8, 31.9,
293(x23,29.0,28.5,284,280,259,24 8 227,184, 142 MS (ESI) m/z [M+Na] 5992912,
[M+Nal*" 601.2890 for C2Hs3QsBrNa.

{00152] Compound 6a: dioctyl 2-(4-iodobutyl}-Z-methyimalonate {Step 6)

b j?\o/\/\/\/\

67NN TN NN

8
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[00153] A mixture solution of compound 4b {975 mg, 2.202 mmol), PPhs {635 mg, 2.242
mmol} and imidazole (165 mg, 2.242 mmol) in DCM was stirred at 0°C, followed by the
addition of Iz (670 mg, 2.643 mmol). The reaction solution was allowed to warm to 1t and
stirred overnight. After washing with sat. NazS20z0q) and brine, the residue was dried over
MgSO; and evaporated under reduced pressure. The crude product was purified by silica gel
column chromatography with EA/Hex (1/25) to yield the desired product éa (1.096 g, 90%)
as a colorless oil. 'H NMR (600 MHz, CDCl3) 8 4.10 (t, J= 6.6 Hz, 4H), 318 (, /= 6.6 Hz,
2H), 1.87-1.80 (m, 4H), 1.62-1 58 {(m, 4H), 1.41 (5, 3H), 134-122 (m, 22H), 088 (1, /=72
Hz, 6H). C NMR (150 MHz, CDCl3) § 172.3, 654, 53.6, 34.4, 33.5,31.8, 20.2, 28.5, 25.8,
253,226,199 141,62

{00154] Compound 6b: dioctyl 2-(6-10dohexyl}-Z-methylmalonate

‘\/‘\/\/’\Egj\o/\/’\/’\/’\
va‘l“\s/\\_/"'\_/\/’\

s
{00155] Compound &b was synthesized according to the general step 6 procedure in scheme
1. The title compound was obtained as a colorless oil. '"H NMR (600 MHz, CDCl3) § 4.10-
4.07 (m, 4H), 3.16 (t, /= 6.6 Hz, 2H), 1.84-1.77 (m, 4H), 1.62-1.57 (m, 4H), 1 40-1 36 (m,
2H), 1.38 (s, 3H), 1.31-1.20 {m, 24H), 0.87 (1, / = 7.2 Hz, 6H). “C NMR (150 MHz, CDCl3)
6 172.6,654, 538 355 /335, 31.8,303,293,292,289,28.6,259,242 227 200, 141,
6.9. MS (ESI): m/z [M+Nal" 561.2406 for C2sHyO4Nal

[00156] Compound 6¢: dioctyl 2-(8-tedooctyly-2-methylmalonate

‘\/’\/’\\f’\f’\i)'\(}/‘\/’\v"\/’“\
04.\‘\0/\\./"\/"\«'” .

s
{001571 Compound 6¢ was synthesized according to the general step 6 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) § 4.11-

4.04 (m, 4H), 3.16 (1, J = 7.2 Hz, 2H), 1.83-1.76 (m, 4H), 1 61-1.56 (m, 4H), 1.37 (s, 3H),
1.37-1.34 (m, 2H), 1.27-1.19 (m, 28H), 0.86 {t, /= 7.2 Hz, 6H). *C NMR (150 MHz, CDCls}
8172.6053,538,35.6,33.5,31.8,305,29.8,29.23,2921(x2),2855,285,259,243,227,
199 14.1, 7.1. MS (EST): sz [M+Na]" 603.2876 for CagHs3OuNal.

{00158] Compound 6d: disctyl 2-ethyl-2-(6-iodohexyljmalonate
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{00159] Compound 6d was synthesized according to the general step 6 procedure 1o scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) § 4.09 (1,
J=0.6Hz 4H), 316 (¢, J =72 Hz, ZH), 1.91 (g, ./ = 7.2 Hz, 2H), 1.86-1.83 (m, 2H), 1.81-
1.78 (i, 2H), 1.62-1.58 (m, 4H}, 1.40-1.37 (m, 2H), 1.33-1.24 {m, 22H), 1.16-1.14 (m, 2H),
0.87 (t,./= 7.2 Hz, 6H), 0.80 (t, /= 7.8 Hz, 3H). VC NMR {150 MHz, CDCl3) 6 172.0, 65.2,

58.1,33.5,31.9,31.7,30.4,203,202, 289, 28.6,20.0, 253, 23.9, 227

> 5 5

142,85, 6.9,

{00160] Compound &e: dioctyl 2-{6-iodohexyl}-2-propylmalonate

~

O
i \J/\\./A\./A\%/JL‘{)/A\/’\\/\/\
O/I\Q/'\/\/‘\//\
s
{00161} Compound 6e was synthesized according to the general step 6 procedure in scherme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls)} & 4.09 (1,
J=6.6Hz, 4H), 3.16 (1, J = 6.6 Hz, 2H), 1.88-184 (m, 4H), 1.62-1.57 (m, 6H), 1.38-1.26 (m,
26H), 1.18-1.12 (m, 2H). C NMR (150 MHz, CDCl5) § 172.0, 65.1, 57.6, 34.6, 33.4, 32.2,
318,303,292 291,288 285 259,23.9,22.6, 174, 144, 14.1,69.
[00162] Compound 6f: dioctyl 2-(6-iodohexyihmalonate
S
NN N )‘L*o/’\\/’\/’\/"\
G TN TN TN
¢

{00163] Compound 6f was synthesized according to the general step & procedure in scheme
i. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) § 4.13-
4.06 {m, 4H), 3.30-3.26 (m, 1H), 3.16-3.12 (m, 2H), 1.87-1.85 (m, 2H), 1.81-1.76 (m, 2H),
1.61-1.58 (m, 4H), 1.36-1.25 (m, 26H), 0.87-1.83 (m, 6H). BC NMR (150 MHz, CDCl3) &
169.6,65.5,52.1,334,31.8,30.2, 292 (x2},28.7,28.6,282,272,259,227, 141,69

> >

{00164] Compound 6g: I-decyl 3-ociyl 2-(6-iodohexyl)-2-methylmalonate
)

E\/’\,/’\v"\g/ﬂ\(y’\\/"\/’\/"\
P A NN NP

ey

{00165] Compound 6g was synthesized according to the general step 6 procedure in scheme

1. The title compound was obtained as a colorless oil. '"H NMR {600 MHz, CDCls) § 4.09-
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4.03 (m,4H), 3.13 (1, J = 6.6 Hz, 2H), 1.82-1.76 {(m, 4H}, 1.60-1.55 (m, 4H), 1.40-1.32 (m,
5H}, 1.31-1.18 (m, 28H), 0.86-0.84 (m, 6H). C NMR (150 MHz, CDCI3) 8 172.5, 65.3, 53.7,
35.5,33.4,31.9,318,303,29.6,293,2522,2921, 2918, 288,285,259, 241,227, 22.6,
19.9, 1411, 14.09, 6.8

[00166] Cempound 6h: 1-hexyl 3-octyl 2-(6-iodohexyl}-2-methylmalonate

Q
N N J\(‘,f\/\x"\x“ ~
P > i i U

8n
{00167] Compound 6h was synthesized according to the general step 6 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl) 8 4.11-
4.05 (m,4H), 3.15 (1, J = 6.6 Hz, 2H}, 1.84-1.77 {m, 4H), 1.60-1.56 (m, 4H), 1.40-1.35 {m,
SH), 1.33-1.18 {m, 20H), 0.88-0.85 (m, 6H}. "C NMR (150 MHz, CDCL;) § 172.6, 65.4, 53 8,
355,33.5,531.8,31.4,303,293,202 289, 286,285,259 256,242,227, 226,200,141,
14.0,7.0.

{00168] Compound 6i: didecy! 2-ethyl-2-{4-isdobutyl)malonate

f \.f*\f:q/gxof*\f“\/\f\f\

O:f.\g/“\/’\/”\\/’\/’\\
81

{00169] Compound 61 was synthesized according to the general step 6 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) & 4.10 (&,
J=66Hz 4H), 3.17 (t, J = 6.6 Hz, 2H), 1.95-191 (g, J = 6.6 Hz, 2H}, 1.87-1.81 (m, 4H),
1.63-1.58 (m, 4H), 1.32-1.25 (m, 30H), 0.87 {1, /= 6.6 Hz, 6H), 0.82 {t, J= 6.6 Hz, 3H)}. 13C
NMR (150 MHz, CDCI3) § 1718, 65.4, 58.0, 33.7, 32.0, 30.6, 29.7 (x2), 29.4, 293, 28.6,
26.0,254,250,22.8, 142,86, 63
{00170] Cowpound 7a: dioctyl 2-{{{6-{((2-hydroxyethyllaminohexanoyljoxymethyl}-
2-methylmalonate (Step 7)

Ho”\vgv’\v"vﬁ‘o‘”j/&o”\/\f’\«”\

S SR N

Ta
[001711 A mixture solution of compound 8a (490 mg, 0.89 mmol) and KI (150 mg, 0.89
mmol} in MeCN/DCM was stirred at R.T, and then the addition of ethanolamine {1.6 mL,

26.75 mmol). After stirring for 4 h, the solvent was removed and the residue was dissolved in
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DCM. The organic solvent was washed with water and brine and dried over MgS04. The crude
product was purified by silica gel column chromatography with 10% MeQH/1% NHiOH in
DCM to yield the desired product 7a (325 mg, 0.61 mmol, 69%}) as a colorless oil. '"H NMR
(600 MHz, CDClz) § 4.44 (s, 2H), 4.12 {1, J = 6.6 Hz, 4H), 3.64 {t, /= 5.4 Hz, 2H), 2.77 (4, ./
=54 Hz, 2H), 2.62 (t, /= 6.6 Hz, 2H), 2.30 {t, /= 7.2 Hz, 2H), 2.18 (br. s, 2H), 1.62-1.59 (m,
6H), 1.52-1.49 (m, 2H), 1.48 (s, 3H), 1.36-1.26 (m, 22H), 0.88 (t, /= 7.2 Hz, 6H). ’C NMR
(150 MHz, CDCL) 8 172.9, 1699, 66.2, 65.8, 60.7, 53.8,51.2, 49.2, 33.9, 31.7, 29.6, 29.1(x2),
28.4, 267,257, 246,226,182, 14.0. MS (ESI): m/z [M+H]" 530.4044 for C2oHseNO7.

{00172] Compound 7b: dioctyl 2-({(8-{(2-hydrexyethyllamino)octanoyijoxymethyl)-2-

methylmalonate
H e 8
o N\/\/A\,»\/‘L O/\;/J\Of\,/\v/\,/\
045"\0 T N
™

{00173] Compound 7h was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) 6 4.44 (s,
2 H), 4.12(t, J= 6.6 Hz, 4H), 3.63 (t, /=54 Hz, 2 H), 2.77 (t, /= 5.4 Hz, 2 H), 2.60 (t, /=
7.2 He, 2H), 2.28 (t, /= 7.2 Hz, 2H), 1.63-1.58 (m, 6H), 1.48-1.46 (m, 2H), 1.46 (s, 3H), 1.30-
1.26 (m, 26H), 0.88 (1, J = 7.2 Hz, 6H). °C NMR (150 MHz, CDCl3) 5 173.2, 170.0, 66.2,
659,609,539,51.0,494,34. 1,31.8,30.1,29.2(x2), 291,290, 285,271258 248 227,
18.3, 14.1. MS (BSI): m/z [MHHT 558.4363 for CaiHeoNO7.

[00174] Compound 7¢: heptadecan-8-y1 8-{(2-hydroxyethyDamino)octanoate

o NN

H 7
o N AL N N NN /'LO/“\V/\ N

7o
{0017571 A mixture solution of 8-bromoeoctanoic acid (0.9 g, 4.03 mmol) and heptadecan-9-ol
(1.04 g, 4.03 mmol} in dicholomethane (DCM) was stirred at 0 °C, and then the addition of 1-
ethyl-3-(3-dimethylaminopropylcarbodiimide (EDCI} (093 ¢ 484 mmol) and 4-
dimethylaminopyridine (DMAP) (0.1 mg, 0.8 mmol). After stirring at RT for 4 hours, the
reaction solution was washed with 2N HClug and brine and dried over MgSOs. After
evaporation, the residue was purified by silica gel column chromatography with ethyl
acetate/hexane (EA/Hex) (1/20) to yield the precursor of compound 7¢ (1.58 g, 3.42 mmol,
85%).
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[00176] Compound T¢ was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) 8 4.84-
479 (m, 1H), 3.60 (t, J= 5.4 Hz, 2H), 2.71 (t, J = 5.4 Hz, 2H), 2.56 (t, /= 7.2 Hz, 2H), 2.22
(t, /=72 Hz, 2H), 1.58-1.56 (m, 2H), 1.46-1.45 (m, 6H), 1 27-1 21 (m,30H}, 083 {(t, /=72
Hz, 6H). 1C NMR (150 MHz, CDCls) § 173.6, 74.1, 60.6, 51.3, 49.6, 34.6, 34.1, 31.8, 299,
205, 2948, 292, 29.17,29.1,27.1,253,25.1, 22,6, 14.1. MS(ESD): m/z [M+H]" 442 4264

for C27HsgNQ:s.
[00177] Compound 7d: dioctyl 2-(6~((2-hydrosyethyhaminothexyl}-2-methvimalonate
Q
H O/‘\v,g\,/‘\,/"\,/ N 07 N NN,

N NN NN

T4
{00178} Compound 7d was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) & 4.08 (1,
J= 6.6 Hz, 4H), 3.63 (1, /= 4.8 Hz, 2H), 2.76 (1, J = 4.8 Hz, 2H), 2.60 (t, /= 7.2 Hz, 2H),
1.86-1.82 (m, 2H), 1.62-1.57 (m, 4H), 1.48-1.44 (m, 2H), 1.38 (s, 3H), 1.31-1.25 (m, 26H),
0.86-0.84 (m, 6H). "C NMR (150 MHz, CDCls5) § 172.6, 65.3, 60.8, 53.7, 51.1, 49.5, 35.5,
31.8,30.0,29.8, 20.2 (x2), 28.5, 27.1, 25.6, 24.3, 22.6, 19.9, 14.1.

[00179] Compound 7e: disetyl 2-(8-((2-hydroxyethyljaminojoctyi)-2-methylmalonate

PSS T
SF NGNS
78

{001807 Compound 7e was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) 8 4.10-
4.04 {m, 4H), 3.64 (1, /= 4.8 Hz, 2H), 2.76 (t, J= 4.8 Hz, ZH), 2.61 (1, /= 7.2 Hz, 2H), 1.83-
1.80 (m, ZH), 1.61-1.56 (m, 4H), 1.49-1.45 (m, ZH), 1.37 (s, 3H), 1.34-1.18 (m, 30H), 0.86 (1,
J =72 Hz, 2H). BC NMR (150 MHz, CDClz) 8 172.6, 65.2, 60.6, 53.7, 1.1, 49.5, 35.54,

31.8,29.8 (x2), 294, 293, 29.2 (x2), 28.5, 272, 258, 243, 22.6, 19.9, 14.0. MS (ES): mz

[M+H] 514.4461 for CaoHeosNOs.
{00181] Compound 7f; dioctyl 2-{4-{{3-hydroxypropyhamino}butyl)-2-methyimalonate

o
H 1
HO N /L\Of’\/’\/’\/\
o 0/’\\,/\/'\\/'\\
Tt
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[00182] Compound 7§ was synthesized according to the general step 7 procedure in scheme
1. The titie compound was obtained as a colorless oil. "H NMR {600 MHz, CDCl5} § 4.07 (4,
J=6.6Hz, 4H), 3.77 (t, J = 5.4 Hz, 2H), 2.85 (1, J= 5.4 Hz, 2H), 2.59 (1, .J = 7.2 Hz, 2H),
1.84-1.81 (m, 2H), 1.68-1.66 (m, 2H), 1.59-1.56 (m, 4H), 1.48-1.45 (m, 2H), 1.37 (s, 3H),
1.28-1.24 (m, 22H), 0.86 (1, /= 6.6 Hz, 6H). C NMR (150 MHz, CDCl3} 8 172.5, 65.4, 64.3,
538,500,495 354, 31.8,306,300,202(x2),285,259, 227,221, 199 141 MS (ESI:
sz [MAH] 472.3994 for Co-HsNOs,

[00183] Compound 7g: dioctyl 2-{6-{{3-hydroxypropylaminothexyl}-2-methylmalonate

Hav.\,ﬁv,\,\,«fo,\v,\/\,\

GEGTTN TN

78
{00184] Compound 7g was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) & 4.05 (1,
J=6.6Hz, 4H), 3.78-3.76 (m, 2H), 2.88-2.86 (m, 2H), 2.61-2.59 {m, 2H), 1.79-1.78 (m, 2H),
1.71-1.69 (m, 2FD), 1.57-1.54 (m, 4H), 1.48-1.44 (m, ZH), 1.34 (s, 3H), 1.27-1.17 (m, 26,
0.85-0.83 (m, 6H). "C NMR (150 MHz, CDCls5) § 172.6, 65.3, 63.8, 53.8, 49.6, 49.5, 355,
31.8,302, 297, 293, 292, 29.1, 285, 27.0, 25.9, 243, 22.6, 19.9, 14.1. MS (ES: mz
[MH+H]™ 500.4310 for CoHssNOs.

{00185] Compound 7h: dioctyl 2-ethyl-2-(6-((3-hydroxypropyhaminehexyi)malonate

Ho.v,\/_s\A/v?ino/\,\,\A

O{‘ o O/‘\’/\“’/\\/A\

T
[00186] Compound Th was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. *H NMR (600 MHz, CDCI5) § 4.08 (&,
J=6.6Hz, 4H), 3.80 (t, J = 5.4 Hz, 20, 2.86 (1, J= 5.4 Hz, 2H), 2.58 (1, /= 7.2 Hz, 2H),
1.92 (g, /= 7.2 Hz, 2H), 1.89-1.83 (m, 2H), 1.69-1.67 (m, 2F), 1.60-1.58 {m, 4F), 1.48-1.42
{m, 2H), 1.35-1.22 (m, 24H), 1.15-1.12 {(m, 2H), 087 {t, J=6.6 Hz, oH), 080 (t, /=72 Hz,
3H). PC NMR (150 MHz, CDCL) 6 1721, 65.2, 64.6, 58.1, 50.2, 49.8,31.9,31.7, 30.6, 29.9
(323,293 (x2},28.6,27.1,26.0,253,24.0,22.7, 142, 8 5. MS (ESI): m/z [M+H]" 514.4466
for CaoHeoNQOs.

{00187] Compound 7i: dioctyl 2-{(6-({3-hydroxypropyliaminojhexyl)-2-propyimalonate
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{00188] Compound 7i was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) & 4.07 (1,
J=6.6Hz, 4H), 3.78 (t, J = 4.8 Hz, 2H), 2.38 (1, /= 4.8 Hz, 2H), 2.60 {t, J = 7.2 Hz, 2H),
1.84-1.81 (m, 4H), 1.72-1.70 (m, 2H), 1.60-1.56 (m, 4FL), 1.50-1.44 (m, 2H), 1.31-1.22 (m,
24H), 1.18-1.10 (m, 4H), 0.9 (t, /= 7.2 Hz, 3H), 0.86 (t, J = 6.6 Hz, 6H). 13C NMR (150 MHz,
CDCL) 8 172.1,65.2, 64.0,57.7, 49,8, 49.6, 34.6,32.3,31.8,30.4, 29.8,29.5,29 3, 29.2, 28.5,
27.1,259,24.1,22.7 175, 14,5, 141 MS (BSI}): m/z [M+H]" 5284623 for C31HexNOs.
[00189] Compound 7}: diectyl 2-{6-{{4-hyvdrexybutylamincthexyl}-2-methylmalonate

HO/\‘/\\/Q\/\’/\ ﬁ‘o”‘\/\/ NN

R N

7

{00190] Compound 7§ was synthesized according to the general step 7 procedure in scheme
i. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) § 4.06 (¢,
J=066Hz 4H), 355{ J=54Hz 2H) 264 (t, J=54Hz 2H), 2581, /=72 Hz, 2H)},
1.82-1.79 (m, 2H), 1.66-1.56 (m, 8H), 1.50-1.45 (m, 2H), 1.36 (s, 3H), 1.29-1.20 (m, 26H),
0.85 (t, J= 7.2 Hz, 6H). PC NMR (150 MHz, CDCl3) § 1726, 654, 62.6, 53 8, 49.6, 49.4,
35.6,32.6,31.8,298,29.5,293,292,287,286,27.1,259,243 227,199, 14.1. MS (ESI)::
m/z [VEHTT 514.4468 for C30HaoNOs.

{00191} Compound 7Tk disctyl 2-(6-{(S-hydroxypentyliamine}hexyl)-2-methylmalonate

Q
H
HO N j-, BTN TN NN,
TN NN NN

7
{00192] Compound Tk was synthesized accerding to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3} § 4.07 (4,
J= 6.6 Hz, 4H), 3.60 (1, /= 6.6 Hz, 2H), 2.58 (1, J = 6.6 Hz, 2H), 2.55 (t, J= 72 Hz, 2H),
1.83-1.80 (m, 2H), 1.60-1.54 {m, 6H), 1.51-1.48 (m, 2H), 1.46-1.43 (m, 2H), 1.40-137 (m,
2H), 1.36 (s, 3H), 1.28-1.19 (m, 26H), 0.86 (t, J = 7.2 Hz, 6H). *C NMR (150 MHz, CDCls)
3 172.6, 653, 62.5, 53.8, 50.0, 49,8, 35.6,32.5, 31.8, 30.0, 29.9, 29.7, 292 (x2), 28.5, 27.2,
259,243,235 227,199, 14.1. MS (ES): sz [M+HH]" 528 4618 for CaHaNOs.
40



(W

LN

N2

WO 2023/239836 PCT/US2023/024788

[00193] Compound 7i: dioctyl 2-(6-{{6-hydroxyhexyDaminoihexyl}-2-methylmalonate
O

H oY
HO™ NN N N \_/\./\_/\é/LLO/\./‘\./\_/’\\

of%‘o’*v*\’*\’\
7

{00194] Compound 71 was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCi3)} § 4.05 (x,
J=6.6Hz, 4H), 3.58-3.56 (m, 2H}, 2.57-2.53 (m, 4H), 1. 81-1.78 {m, 2H}, 1.58-1 42 (m, 10H),
1.35 (s, 3H), 1.34-1.13 (m, 30H), 0.84 (, J = 7.2 Hz, 6H). PC NMR (150 MHz, CDCl3) §
172.6,653,02.5,53 8,499,498 355 32.7,31.8,29.8,297(x2),292(x2),285,27.2 27 1,
259,257,243, 226,199, 141
{00195] Compound Tm: dioctyl 2-(6-{{2.3-dihydroxypropyhaminojhexyl}-2-
methylmalonate

ot ¢

i H i
HOL AN

Q7N NN TN

3
G N N

™
[00196] Compound 7m was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) & 4.06 (i,
J=0.6Hz, 4H), 3.75-3.72 (m, TH), 3.66-3.65 (m, 1H), 3.56-3.53 (m, 1H}, 2.75-2.73 (m, 1H],
2.65-2.61 (m, 1H), 2.59-2.52 (m, 28}, 1.82-1.78 (m, 2H), 1.59-1.34 {m, 4H}, 1.45-1.42 {m,
2H), 134 (s, 3H), 1.28-1.18 {m, 26H), 0.85 {t,./ = 7.2 Hz, 6H). PC NMR (150 MHz, CDCl3)
8 1172.6,69.7,658,65.3,538,524,499,356,31.8,299,298, 292 (x2), 28.5,27.0,25.9,
243 227,199 141 MS (ESD: sz [M+H]" 516.4252 for C2oHssNOs.

{00197] Compound 7n: dioctyl 2-(6-({{}s, 4s}-4-hydroxyeyciohexyljaminohexyl}-2-
methyimalonate

. o
H

AN /E\Q/\/\/\/\

SO BSOSO

78
{00198] Compound 7u was synthesized according to the geveral step 7 procedure tu scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) § 4.07 (x,
J=6.6 He, 4H), 3.95-3.94 (m, 1H), 2.78-2.71 (m, 3H), 1.82-1.70 (m, 8H), 1.63-1.52 (m, 8H),
1.36 (s, 3H), 1.32-1.18 (m, 26H), 0.87-0.84 (m, 6H). *C NMR (150 MHz, CDCl;) §172.4,
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65.8,65.2,554,53.6,463,354,31.7,31.0,29.6,29.1(x2),29.0,284,270,262,257,242,
22.5,19.8, 14.0. MS (ESI): m/z [M+H]" 5404614 for C3:HaNOs,

1001997 Compound 7o: I-decyl 3-ectyl 2-(6-{(3-hydroxyproepyljaminocjhexyl)-2-
methylmalonate

H o
HO AN /’E\Q"\”\\/ NN
[ R el NP N

7
{00200] Compound 7o was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) § 4.07 (1,
J=606He 4H), 3.78 (1, /=54 Hz, ZH), 286 (1, /=54 Hz, 2H}, 259 (t, J =72 Hz, 2H),
1.84-1.78 {m, 2H}, 1.70-1.66 (m, 2H), 1.61-1.55 (m, 4H}, 1.46-1.42 {m, 2}, 1.37 (s, 3H),
1.32-1.18 (m, 30H), 0.87-0.85 {m, 6H). ¥C NMR (150 MHz, CDCI3) 8 172.6, 65.3, 64.3, 53.8,
499,497 356,319, 318 305,208, 207 206,203 2026, 2923,2922 285,271,259,
24.3,227,22.6,199, 14,13, 1411 MS (EST): m/z [M+H]™ 528.4619 for C31HsNOs.

002017 Compound 7p: 1-hexyl 3-octyl 2-{6-{{3-hydroxypropyijaminethexyi}-2-
p p \ 3 {2113 yprop; JREX]

methyimalonate
H 9
HO B \,f‘\,/\éfji\g/“\/\\/ RN
O»/f.\of\/\/’\\
7s

{00202] Compound Tp was synthesized according to the general step 7 procedure in scheme
1. The titie compound was obtained as a colorless oil. 'H NMR {600 MHz, CDCl5) § 4.07 (4,
J=066Hz 4H), 3.79(t, /=54 Hz, 2H), 286 (1, /=54 Hz, 2H), 258 (t, /=72 Hz, 2H},
1.83-1.80 (m, 2H), 1.69-1.66 (m, 2H), 1.60-1.57 (m, 4H), 1.45-1.43 (m, 2H), 1.37 (5, 3H),
1.36-1.19 {m, 22H), 0.87-0.85 (m, 6H). PC NMR {150 MHz, CDC1) 6 172.6,65.3,64.4, 53 8,
50.1,49.8,356,31.8,314, 305 298,297 2024 2922 286,285 271,259, 256,243,
227,226,199 141, 14.0. MS (EST): mz [MHH]™ 472.3987 for Ca7HseNOs

{00203] Compound 7q: dioctyl 2-(6-({{1s,45}-4-

{(hydrexymethyljcyclohexyljaminojhexyl)-2-methylmalonate
o

H i
D NN N /L\Of’\/\\/\\/\»\
HO\JU’ [ NG N N

Tg
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[002041 Compound 7g was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a colorless oil. "H NMR (600 MHz, CDCl3) 8 4.07 (¢,
J=66Hz 4H), 3.51 (d, J = 6.6 Hz, 2H), 2.71-2.70 (m, 1H), 2.57 (t, J = 7.2 Hz, 2H), 1.82-
1.80 (m, 2H), 1.65-1.54 (m, SH), 1.51-1.48 (m, 6H), 1.36 (s, 3H), 1.31-1.18 (m, 26H), 0.87-
0.84 (m, 6H). C NMR (150 MHz, CDCl3) & 172.6, 65.8, 65.3, 54.4, 33.8, 46.8, 37.8, 35.5,
318,298,293, 2921, 29.19, 28.5, 28.3, 27.2, 25.9, 24.3, 24.2, 22.7, 199, 14.1. MS (ESI):
m/z [MHH] 554.4787 for CasHesNOs.

[002057 Cempeound Tr: dioctyl 2-(6-({({4-hydroxyeyclohexyiimethyDaminothexyl}-2-
methylmalonate

HO A~ a
/L H i
I’\, N \¢AV/~\V/'\\E/R\ NN

RGN N
s

{00206] Compound Tr was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a yellow oil. 1H NMR (600 MHz, CDCH) § 4.04-4.02
(m, 410, 3.91 (br. s, 0.5H), 3.49-3 45 (m, 0.5H), 2.55-2.50 (m, 2H), 2.46-2.45 (m, 1H), 2.39-
2.38 (m, 1H), 1.93-1.91 {m, 1FD), 1.79-1.75 {m, 3H), 1.67-1.65 (m, 15, 1.59-1.35 (m, 12H),

33 (s, 3HD), 1.29-1.15 (m, 265, 0.83-0.81 {m, 6H). PC NMR (150 MHz, CDC) 8 1725,
70.7, 66.6,65.2, 55.8,55.3,53.7,50.0, 49.9, 36.8, 36.3, 35,5, 35.2,32.1,31.7.29.8,29.7, 29.5,
29.4,292,28.5,27.1,25.8,25.1,24.3, 22.6, 19.9, 14.0. MS (ESD): m/z [M+H]" 554.4775 for

CasHeaNGs.
[002071 Compound 7s: didecyl 2-ethyl-2-(4-{(3~-bydroxyprepylaminojbutylmalonate
o
aev\wﬂv»\/?.ax\,w\/v\

P s M N P
78

{00208] Compound 7s was synthesized according to the general step 7 procedure in scheme
1. The title compound was obtained as a yellow oil. "H NMR {600 MHz, CDCl3) 8 4.09-4.05
{m, 4H), 3.78-3.77 {m, 2H), 2.87-2.85 (m, 2H), 2.61 (t, /= 7.2 Hz, 2H), 1.90 {q, /= 7.8 Hz,
2H), 1.86-1.83 (m, 2H), 1.70-1.68 (m, 2H), 1.59-1.55 (m, 4H), 1.50-1.48 {m, 2H), 1.27-1.15
{m, 30H), 0.87-0.84 (m, 6H), 0.79 (t, J= 7.8 Hz, 3H). ’C NMR (150 MHz, CDCl3) § 1719,
$653,64.0,580,498,494,31.9 31.6,305,299,296(x2), 294,293, 286 259,254,227,
218, 14 1, 8.S. MS (ESL): sz [M+H] 542.4770 for C3HaaNOs.
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[00209] Compound AS-CL-81: disctyl 2-(1 1--hydroxyethyi}-20-methyl-20-
{{octyloxyicarbonyl}-3,17,21-trioxe-2,18,22-trioxa-11-azatriacontyl}-2-methylmalonate
{Step 8)
0 o
i/'\../'u\c/‘\ /h\O»ﬁ\/”\J”\,f\
i/"= [ SN N
< o 9
“ Qf\,,N \,/\/-\\/L'\Qf\ /‘LG/\/\/\/\\
G TN N NN

A0t
[002107 A mixture solution of compound & (86 mg, 0.15 mmol) and KI (26 mg, 0.16 mmol)
in MeCN/DCM was stirred at R.T, and then the addition of compound 7 {75 mg, 0.14 mumol})
and K:COs (78 myg, 0.57 mmol). After stirring at 30°C overnight, the solvent was removed
and the residue was dissolved in DCM. The organic solvent was washed with water and brine
and dried over MgS0,. The crude product was purified by silica gel column chromatography
with 3% MeOH/1%NH4OH in DCM to vield the compound AS-CL-81 (60 mg, 0.058 mmol,
39%) a5 a light-yellow oil. 'H NMR (600 MHz, CDCl3) § 443 (s, 2H), 4.12 (1, J = 6.6 Hz,
4H), 3.50 (1, = 5.4 Hz, 2H), 2.55 (1, J = 5.4 Hz, 2H), 2.44-2.40 (m, 4H), 2.29-2.26 (m, 4H),
1.62-1.58 (m, 12F), 147 (s, 6H), 1.44-1.38 (m, 4H), 1,29-1.25 (m, 48H), 0.87 (t, /= 7.2 Hz,
12H). ¢ NMR (150 MHz, CDCl) § 173.2, 173.0, 170.0(x2), 66.3, 65.9(x2), 58.4, 55.5,
53.9(x2), 53.8, 53.7(x2), 34.1, 34.0, 31.8(x2}, 29.3, 20.2(x4), 29.1, 28.5(x2), 27.3, 27.2, 27.0,
26.9, 25.8(x2), 24.9, 24.8, 22.7(x2), 18.3(x2), 14.1(x2). MS (ESI): m/z {M+H]™ 1026.7822 for
CagHiosNOhs.

{00211] Compound AS-CL-82: diectyl 2-{({6-{{§-(heptadecan-U-yloxy}-8-oxoactyl}{(2-
hydroxyethyljaminolhexanoyljoxyjmethyl)-2-methylmalonate

o N N Vo N

e v\\,/h\g/ [\/‘ T N N

[} o
HO/\*’N‘*’\V”\/&\Q/ /E\O/\,\/\/'\
O N N TIN A TN

AS-gL2
{00212] Compound AS-CL~02 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. "H NMR (600 MHz, CDCl5) §
'H NMR (600 MHz, CDCl3) § 4.84-4 81 (m, 1H), 4.42 (s, 2H), 4.10 (t, /= 6.6 Hz, 4H), 3.48
{t,J=54Hz 2H),2.53 (1, J=5.4 Hz, 2 H), 2.40 ((t, J= 7.2 Hz, 2H), 2.27-2.23 (m, 4H), 1.61
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(m, 8H), 1.48-1.45 (m, 4H), 1.45 (5, 3H), 1.42-1.37 {m, 6H), 1.28-1.22 (m, 54H), 0.86-0.83
{(m, 12H). PC NMR (150 MHz, CDCl3) 6 1§ 173.1,169.9,66.2, 65.8 (x2), $8.3, 55.5, 53.9,
53.8 (x2), 34.7,34.1,34.0, 31.9, 31.8, 29,52, 29.50, 29.26, 29.22 (x2), 29.17 {x2), 29.16 (x2),
2009,284 273,272,271, 258,253,25.1,248,2262,2261, 183, 14.1 (x2). MS (ESI)
m/z [MAHH] 938.8015 for CseHiosNOs.
{00213] Compound AS-CL-03: dioctyl 2-(8-((8-(heptadecan-9-vioxy}-§-oxooctyl )2~
hydroxyethyljaminojoctyl}-2Z-methylmalonate

o TN TN TN

./"‘\/"\/jlkof NN

]

o]
HO/\\/ NN TN \H\o/‘\‘/’"\/"\z’”\

AScLas
[00214] Compound AS-CL-83 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. (600 MHz, CDCH) & 'H NMR
(600 MHz, CDCLs) § 4.86-4.82 (m, 1H), 4.10-4.04 (m, 4H), 3.49 (1, J = 5.4 Hz, 2H), 2.54 (t,
J= 5.4 Hz, 2H), 2.41-2.39 (m, 4H), 2.25 {t, J= 7.2 Hz, 2H), 1.82-1.80 (m, 2H), 1.60-1.56 {m,
6H), 1.48-1.47 (m, 4H), 1.43-1.38 (m, 6H), 137 (s, 3H), 1.36-1.23 (m, 58H), 0.86-0.84 (m,
1ZH). BC NMR (150 MHz, CDCl3) 6 173.6, 172.6, 74.1, 653, 58.4, 55.5, 53.9, 53 87, 53 .8,
35.6,347,34.2,319, 31.8, 299, 296, 295,294, 293, 2927 (x2), 29.24 (x2)}, 29.2, 28.9,
27.5,273,2722,272,259,254,252,244,227,2267,199, 1414, 1411 MS (ES1): m2z
{M+H] 894 8114 for CssHieeNOr.
{00215] Compound AS-CL-04: dioctyl 2-(8-{(2-hydroxyethyl}{7-methyl-8-
(miiyiﬁxy}n”?m({@cwiaxv)mrbﬂnyi) &-oxpoctyllamingjoctyl}-2-methylmalonate
Jpoose
R i N
HO N \\/\vf\“f\/ \/?\ Y T NP

A AN

AS-C104
{00216] Compound AS-CL~04 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. (600 MHz, CDCls) § 'H NMR
{600 MHz, CDCl3) § 4.06-4.05 (m, 4H), 347 (t, /=48 Hz 2H), 252 (t, /= 4.8 Hz, ZH),
2.40-2.37 (m, 4H), 1.81-1.79 (m, 4H), 1.58-1.54 (m, 6H), 1.37 (s, 6H), 1.35-1.24 (m, 62H),
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0.85-0.83 {m, 12H). C NMR (150 MHz, CDCl3) § 172.57, 172.53, 65.26, 65.24, 58 4, 55.5,
53.9,53.8,53.77, 53.7,35.58,35.55, 31.8 (x2), 29.91, 29.89, 29.5,20.4, 2921, 29.18, 28.5(x2),
27.5,27.3,27.2, 27.1, 25.9 (x2), 24.4, 24.3, 22.6 (x2), 19.9 (x2), 14.1 (x2). MS (ESD): mz
[M+H]™ 938.8026 for CseHiosNOs.

002171 Compound AS-CL-03: dioctyl 2-(6-{deeyl2-hydroxyethyljaminohexyl}-
Z-methylmalonate
J/"\J"\J"\/

(8]
HD/\./N\/‘\/*\./\ j\()/\/’\./\\/\
O g TN TN NN

SBCLAE
{00218] Compound AS-CL-05 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) §
4.09-4.07 (m, 4H), 3.50 (1, J= 54 Hz, 2H), 2.55(t, /= 5.4 Hz, 2H), 2.42-2 40 {m, 4H), 1.84-
1.81 {m, 2ZH), 1.61-1.57 (m, 4H), 1.43-1.39 {m, 4H), 1 38 {5, 3H}, 1.29-1.25 (m, 40H}, 0.88-
0.85 (m, OH). “C NMR (150 MHz, CD{CH) 8 172.6,65.4, 58.4, 55.5,53.9, 53.84, 53.82, 35.6,
32.0,31.9,30.0,297,29.6,294,293 (x2),292(x2),28.6,27.5,27.3,272,27.1,259,24 4,
22.74,22.7,20.0, 1417, 14 14. MS (EST): m/z [M+H]" 6265725 for CigHNOs.
[00219] Compeund  AS-CL-06: dioctyl  2-(6-{{8-(heptadecan-¥-yioxy}-§-
oxoocty}(2-hydroxyethyDaminojhexyl-2-methylmalonate

N Nooes

g ¢
T ’h\o’\v’W\
o

28-C1.88
{00220] Compound AS-CL~06 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3} §
4.85-4.83 {m, 1H), 4.07-4.05 (m, 4H}, 3.48 (1, J= 5.4 Hz, 2H), 2.53 (t, J = 5.4 Hz, 2H), 2.41-
2.38 (m, 4H), 2.25 (t, J = 7.2 Hz, 2H), 1.82-1.80 (m, 2H), 1.59-1.55 (m ,6H), 1.48-1 46 (m,
4Fy, 1.39-1.36 (m, 4H), 1.36 (s, 3H), 1.25-1.23 (m, 56H), 0.86-0.84 (m, 12H). BC NMR (150
MHz, CDCls) § 173.6, 172.6, 74.1, 65.3, 58.4, 55.5, 53.9 (x2), 53.8, 35.6, 34.7, 34.2, 31.9,
31.8, 30.0, 29.6, 29.5, 29 3, 29.27 (x2), 29.24 (x2), 28.6, 27.4, 27.3, 272, 27.1, 25.9, 25 4,
25.2,244,22.70,22.68,19.9, 1414, 14.12 MS (ESD): m/z [M+H]" 866.7800 for Cs3HigaNO7.
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[00221] Compound AS-CL-07: dioctyl 2-{{({6-{decyl{2-

hydroxvethyllaminojhexanoyljoxymethyl}-2-methylmalonate

NN
H
s

o] o]
HQ/\\/N‘\/’\\/"VJI\O" O N NN

ASTLAT
{00222] Compound AS-CL-07 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oif. 'H NMR (600 MHz, CDCls) §
TH NMR (600 MHz, CDCls) 6 4.43 (s, 2 H), 4.11 (. J= 6.6 Hz, 4H), 3.50 (1,./= 5.4 Hz, 2H),
2.55,(t,J=48Hz 2 H), 2.43-2.40 (m, 4H3, 2.28 {1, /=72 Hz, 2H}, 1.61-1.59 (m ,6H), 147
{5, 3H), 1.44-1.40 (m, 4H), 1.27-1.24 (m, 36H), 0.88-0.85 (m, OH). PC NMR (150 MHz,
CDCL) S 173.0, 170.0,66.3,65.9,58.4,55.5, 53.9, 53.7,34.0, 31.9, 31.8, 29.7 (x2), 29.6, 20 4
{x2),292,285 275 272,270,269, 258,248 227 226,183, 1415, 1412 MS (ESI):
m/z [IMHHTT 670.5623 for CasHisNO7.

{00223] Compound AS-CL-08: disctyl 2-{6-((2-hydrexyethyl)octyl)aminethexyi}-2-

methylmalonate
NN

o]
YT NN 0/\\/\\/\/’\
OF N NN TN
AS-CL-08
[002247 Compound AS-CL~08 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colotless oil. "H NMR (600 MHz, CDCl5) §
4.09-4.07 (m, 4H), 3.50 (1,./= 5.4 Hz, 2H}, 2.55 (1, /=54 Hz, 2H), 2.42-2.40 (m, 4H), 1.84-
1.81 (m, 2H), 1.60-1.57 (m,4H), 1.40-1.37 (m, 4H), 137 (s, 3H), 1.29-1.20 (m, 36H), 0.88-
0.85 (m, 9H). BC NMR (150 MHz, CDClL) § 172.6, 65.3, 58 4, 55.5, 53.9, 53.84, 53.82, 35.6,

31.9,31.8,29.9,29.6,29.4,203,292,28.6,27.5,273,27.2,271,25.9,24.4,22.7,22.6, 19.9,

14,15, 14,13 MS (ESD: sz [M+H] 598 5402 for CasHnNGs.
{00225] Compound AS-CL-09: dioctyl 2-(6-(decyl{3-hydrexypropyllaminsihexyl}-2-

methylmalonate

HO. A~ N /I‘E\ O/\V/\\‘ Ny
ANy N N N
AS-CL-88
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[00226] Compound AS-CL-09 was synthesized according to the general step 8 proceduse in
scheme 2. The title compound was obtained as a colorless oil. "H NMR {600 MHz, CDCl3) 8
4.07 (t, J= 6.6 He, 4H), 3.77 (t, J= 4 8 Hz, 2H), 2.61 (t, /= 5.4 Hz, 2H), 237 (t, /= 7.2 Hz,
2H), 1.83-1.81 {m, 2H), 1.67-1.63 {m, 2H}, 1.61-1.56 {m, 4H), 1.46-1.42 {m, 4H)}, 1.37 (s,
3H), 1.28-1.19 (m, 40H), 0.87-0.85 (m, 9H). ’C NMR (150 MHz, CDCl3) 8 172.6, 65.3, 64.9,
55.4,54.3,54.2,53.8,35.6,31.9, 31.8, 30.0, 29.7, 29.4, 29.3 (x2), 29.2 (x2), 28.6, 27.8, 27.6,
274,269, 268,259, 24.4,22.8,22.7, 199, 14.2, 14.1. M8 (E8D): m/z [M+H]" 640.5868 for
C39H7NOs.

{00227 Compound AS-CEL-10: dioctyl 2-{6-{decyi{2-

hydroxyethyljaminojhexylimalonate

/[/‘\;/\\,/\\,/'

HO/\/N NN L.c'/\\,/\//\,/\
R AT NN

AscL-0
{00228] Compound AS-CL~18 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl5) 8
4.12-4.05 (m, 4H), 3.49 (t, J = 5.4 Hz, 2H), 3.28 (1, J= 7.8 Hz, 1H), 2.53 (t, J = 5.4 Hz, 2H),
2.40 (t, J =172 Hz, 4H), 1 87-1.84 (m, 2H), 1.62-1.57 (m, 4H), 1.42-1.36 (m, 4H), 1.29-1.23
{m, 40H), 0.86-0.84 (m, 9H). 13C NMR (150 MHz, CDCl3)  169.7, 65.5, 58 4, 55.5, 53.9,
53.852.1,32.0,31.8,297,29.6(x2),294,2923(x2),2922,28.7,286,27.5,274 272 (x2),
271,259,227, 226, 1415, 14.12. MS (EST): sz [M+H]™ 612.5555 for C37HuNOs.
{00229] Compound AS-CL-11: dioctyl 2-{6-(decyl(3~
hydroxypropyliaminehexylimalonate

i,/ SN

e

{ O
HOL AN ‘\/\/'\l\ o g N
Ve S NP N

AB-GL
{002307 Compound AS-CL~11 was synthesized according to the general step & procedure in
scheme 2. The title compound was cbtained as a colorless oil. "H NMR (600 MHz, CDCL3) 8
4.11-4.05 {m, 4H), 3.74 (t, J= 5.4 Hz, 2H), 3.27 (¢, /= 7.8 Hz, 1H), 2.59-2.58 (m, 2H), 2.36~

2.34 {m, 4H}, 1.86-1.81 {m, 2H), 1.63-1.57 {m, 6H), 1.43-1.39 (m, 4H), 1.31-1.20 {m, 40H)},

85-0.83 (m, 9H). °C NMR {150 MHz, CDCl3) § 169.6, 65.4, 64.8, 553, 54.2, 54.1, 52.1,
48
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31.9,31.8,29.62(x2),29.60(x2},293,29.2(x2}, 28.7,28.5,27.8,27.5,273,272,268,26.7,
258,227,226, 1409, 14.07. MS (ESHy: m/z [M+H]" 626.5719 for C3sH7eNOs.
[00231] Compound AS-CL-12: dioctyl 2-(6-{(3-(dimethylamine)propyl)aminc}hexyi}-2-

methylmalonate
L i i ! K 1
AR jxo/\/\/\/\ P e N S e J\B/\/\/\/\
o o e N N P NN
ABCL-12 ASCL-12

{00232] Compound AS-CL~12 was synthesized according to the general step 7 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) §
4.06 (t, J= 6.6 Hz, 4H), 2.81 (1, /= 6.6 Hz, 2H), 2.67 (t, J= 7.2 Hz, 2H), 2.41 {1, J = 6.6 Hz,
2H), 2.24 (s, 6H), 1.82-1.75 {m, 4H), 1.59-1.55 {m, 6H), 1.36 {5, 3H), 1.31-1.24 (i, 26H),
0.85 (1, J = 7.2 Hz, 6H). ’C NMR (150 MHz, CDCl) 8 172.5, 65.3, 588, 53.7, 49.1 (x2),
455,355,31.8,29.6,29.2(x2),28.7,28.5,269,259,25.6,24.2, 227, 199, 14.1. MS (ESI):
m/z [MF+H]T 527.4779 for C3iHes N2 04

{00233] Compound AS-CL-13: dioctyl 2-{6-(decyl(3-

{dimethylamino}propyljamine}hexyl})-2-methylmalonate
RN N

] [¢]
AN .xﬂ\o/\/’\/’\/’\
P s S N N

ABCL-13

[002347 Compound AS-CL~13 was synthesized according to the general step & procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) &
4.06-4.04 (m, 4H), 3.62-3.60 (m, 2H), 3.49-3.45 (m, 2H), 3.34 (s, 6H), 2.72-2.70 (m, 2H),
2.54-2.52 (m, 2H), 1.97-1.92 (m, 2H, 1.81-1.77 (m, 2H), 1.72-1.68 (m, 2F), 1.59-1.53 (m,
4FD), 1.45-1.42 (m, 2H), 1.35 (s, 3H), 1.35-1.20 (m, 40H), 0.85-0.83 (m, 9H). ’C NMR (150
MHz, CDCs) § 172.5, 65.3, 64.4, 62.8, 53.7, 51.7, 49.9, 46.0, 35.5, 31.8, 31.7, 29.9, 208,
29.37,2935,29.2,29.13 (x2), 2912 (x2}, 28.5,27.1, 262, 258, 24.2, 23 5, 22.8, 22.6, 19.8,
14.0 (x2). MS (ESD): m/z [M+H]" 667.6340 for C41HssN; 04,

{00235 Compound AS-CL-14: dioctyl 2-{6-(decyl{4-hydrexybutyl)amins}hexyi}-2-

methylmalonate
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ASCLA4
{00236] Compound AS-CL-14 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oif. 'H NMR (600 MHz, CDCls) &
406 {t, J= 6.6 Hz, 4H), 3.52-3.51 (m, 2H), 2.42-2.39 {m, 6H)}, 1 82-1.79 (m, 2H}, 1.62-1.54
(m, 8F), 1.46-1.42 (m, 4H), 1.35 (s, 3H), 1.26-1.16 (m, 40H), 0.86-0.83 (m, 9H). °C NMR
{150 MHz, CDCLY 6 172.6,65.3, 62.6, 54.6, 53.8,53.7, 53.6,35.6,32.7,31.9,31.8,29.9,29.7,

29.6,29.5,293,292(x2),285,27.7,275,262,259,258,257,244,22.7,22.6,19.9, 1413,

14.11. MS (ESI) mz [MHH] 654.6039 for CaoHgeNOs,
{00237] Compound AS-CL-15: diundecyl 2-(6-(decyl(Z-hydroxyethyljamino)hexyl}-2-
methylmalonate

AN

[

( 2

HOT N N\/\/\/\E/'J\ I T e N N
Q¢fl‘\0/'\\/"\v/'\v/'\v/\v/

AS-CLA5
{00238] Compound AS-CL-~15 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colotless oil. 'H NMR (600 MHz, CDCl3) §
408 (t, J=06Hz 4H), 3.50(t, =S4 He, 2H), 255 (, /=54 Hz, 2H), 241 (. /=72 Hz,
4H), 1.84-1.81 {m, 2H), 1.60-1.57 {m, 4H), 1.41-138 (m, 4H), 137 {s, 3H), 1.29-1.20 (m,
S2Hj, 0.88-0.85 {m, 9H). “C NMR (150 MHz, CDCl3) § 172.6,65.3, 58.4, 55.5, 53.9, 53 .84,
53.80, 35.6,32.0,299,29.7,29.65,29.60,294,293 28.6,27.5,27.3,272,27.1,259, 24 4,
227,199, 142 MS (ESI): sz [M+H] 710.6655 for CaaHaaNQs.

{00239} Compound AS-CL-16: disctyl 2-{6-{decyi{3~
hydroxypropyljaminojhexyl}-2-ethylmalonate

NN

( Q
HOL N /ﬁ\cf\/\/\/\
i SN NN

ABLL18
002407 Compound AS-CL-16 was synthesized according to the general step 8 procedure in

scheme 2. The title compound was obtained as a colorless oil. "H NMR (600 MHz, CDCl3) 8
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408(t, /=06Hz 4H), 3.77(, /=48 Hz, 2H), 2.02 (t, /= 4.8 Hz, 2H), 239 (t, /= 7.2 Hz,
4H3, 180 {q, /=72 Hz, 2H), 1.85-1.82 {m, 2H), 1.67-1.65 (m, 2H}, 1.61-1.56 {m, 4H}, 1.46~
1.42 {m, 4H), 1.30-1.24 {m, 38H), 1.15-1.11 {m, 2H), 0.88-0.86 {m, 9H}, 0.79 (1, /=72 Hz,
3H). YC NMR (150 MHz, CDCE) § 172.0, 652,64 8, 58.1,553,54.2,54.1,32.0,31.8,31.7,
20.9,297.29.6,294,293,292(x2),28.6,27.8,27.6,27.4,26 8,267,259, 252,24.0,2273,
22,69, 142, 14.1, 8.5, MS (ESI) m/z [M+H]" 654 6036 for CaoHsoNOs.

[00241] Compound AS-CL-17: dioctyl 2-(6-{decyl{2,3-dihydrexypropyljaminechexyl}-

Z-methylmalonate

AN TN N
oM /l o

ﬁo\/i\/N\/'\./’\v’\ S LO/ SN NN
P NN

AS-CLAT
{00242] Compound AS-CL~17 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) 8
4.08 (1, /= 6.6 Hz, 4H), 3.73-3.68 {m, 2H), 3.48-3.45 (m, 1H), 2.57-2.54 (m, 1H}, 2.51-2.46
{m, ZH), 2.41-2.37 (m, 3H), 1.84-1.81 (m, 2H), 1.61-1.57 (m, 4H), 1.48-1.38 (m, 4H), 1.37 (s,
3H), 1.32-1.18 (m, 40H), 0.88-0.85 {m, 9H). PC NMR (150 MHz, CDC)§ 172.6,67.3, 653,
64.9, 56.8, 54.4, 54.3, 53.8, 35.6, 31.9, 31.8, 29.9, 29.7, 29.6, 29.3, 29.22 (x2), 29.20, 28.5,
7.0, 259, 243, 22.7, 22.6, 199, 1412, 12.10. MS (ESI): m/z [M+H]"
656.5822 for C3sHsNGs.

[00243] Compound AS-CL-18: dioctyl 2-{6-(decyl{{1s,4s5}-4-
hydroxycyclohexyljaminojhexyl}-2-methylmalonate

AN N
4 2
g \\."“N NN /’i\o/“\/‘\/’\\/’\
Hi)")\/j s SR N

A5-64.8
[002447 Compound AS-C1L-18 was synthesized according to the general step 8 proceduse in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl5) 8
4.07 (t, J= 6.6 Hz, 4H), 3.97 (br. s, 1H), 2.53-2.46 (m, SH), 1.83-1.80 (m, 4H), 1.68-1.56 (m,
SH), 1.51-1.41 (m, 6H}, 1.37 (s, 3H), 1.31-1.17 (m, 40H), 0.87-0.85 (m, 9H). MS (ESI): m/z
[M+H]" 680.6183 for CazHaaNOs.
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[00245] Compound AS-CL-19: dioctyl 2-(6-(4-{dimethylamine}butanamidojhexyi}-2-
methylmalonate
o
\N/\v/\l(vﬁv/\v/\/\s/%fxxxfx/\
f Q 04}.\0/‘\/’\\/’\\/’\

ABCLAD
{00246] Compound AS-CL-19 was synthesized according to the procedure in scheme 3.

5 A mixture solution of compound &b (0.37 g, 0.67 mmol} and potassium phihalimide (0.62 g,
3.35 mmol) in DMF was stirred at R.T for 3 hours. After filtration and evaporation, the residue
was purified by silica gel column chromatography with EA/Hex (1/10) to yield the compound
6b-1 (311 mg, 84%). 'H NMR (600 MHz, CDCl3) § 7.84-7.82 (m, 2H), 7.71-7.69 (m, 2H),
4.08 (1, 4H), 3.67 {1, 2H), 1.84-1.81 {m, 2ZH), 1.66-1.64 (m, 2H), 1.61-1.57 (m, 4H}, 1.37 (s,

10 3H), 1.34-1.25 (m, 26H), 0.87 {1, 6H). °C NMR (150 MHz, CDCl3) § 172.5, 168.4, 133.8,

1321, 1231, 653,537,379, 355, 317,295,292, 285 284, 267,262,258, 242 226,
19.8, 14.0.

{00247 A mixture solution of compound 6b-1 (311 mg, 0.544 mmol} and hydrazine (50 mg,
1.63 mmol} in MeOH was stirred under reflux for 2 hours. After evaporation, the residue was
15 dissolved in DCM and filtration. The crude compound was purified by silica gel column
chromatography with 10% MeOH/DCM/1% NH4OH to yield the compound 6b-2 (160 mg,
666). "H NMR (600 MHz, CDCl3) 8 4.08 (1, 4H), 2.67 (1, 2H), 1.85-1.82 (m, 2H), 1.62-1.57
(m, 4H), 1.43-1.41 (m, 2K, 1.38 (s, 3H), 1.31-1.25 (m, 26H), 0.87 (1, 6H). C NMR (150

5

MHz, CDCls) § 172.6, 653, 53.8, 42,1, 35.5, 33.7, 31.9, 298, 29.6, 20.5, 293, 202, 28 5

3 o >

20 267,259,243,227,199, 14.1.
{00248] A mixture solution of 4-(dimethylaminojbutanoic acid (0.071 g, 0.426 mmol), SOClh
(0,101 g, 0.852 mmol) and 2 drops of DMF in DCM was stirred at 0°C overnight. After
evaporation, the residue was reacted with compound 6b-2 in DCM at 0°C, and Et3N was added.

The reaction was monitored by TLC. After evaporation, the residue was purified by silica gel

(5]

colurn chromatography with 10% MeOH/DCM/15% NHaOH to yield the compound AS-CL~

)

19 (76 mg, 45%) as a yellow oil. "H NMR (600 MHz, CDCl3) § 6.41 (br. s, 1H), 4.08 (1, J =
6.6 Hz, 4H), 3.20 (q, ./ = 6.6 Hz, 2H), 2.31 (t, J = 7.2 Hz, 2H), 2.24 (4, J = 7.2 Hz, 2H), 2.21
(s, 6H), 1.84-1.82 (m, 2F), 1.81-1.76 (m, 2H), 1.61-1.58 (m, 4H), 1.47-1.45 (m, 2H), 1.38 (s,
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3H), 1.31-2.20 (m, 26H), 0.87 (¢, J= 7.2 Hz, 6H). PC NMR (150 MHz, CDCE3)6 172.7, 172 4,
65.2,587,53.6,45.1,393,354,347,31.7,205,291,290,284,266,257 241,231,225,
198, 14.0. MS (ESI): sz [M+H]™ 555 4727 for CaxHesN2Os.

[00249] Compound AS-CL-20: dioctyl 2-(6-(decyl{S-hydrexypentyijaminoihexyi}-2-
methylmalonate

]/"\/‘"\,/ S
d [«
'- L
HO e M A A N g S N
N NN

AS-CL-20
{00250] Compound AS-CL-28 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) 8
4,07 {t, /= 6.6 Hz, 4H), 3.63-3.61 {m, 2H), 2.52-2.46 (m, 6H), 1.83-1.80 {m, 2H}, 1.60-1.46
(m, 12H), 1.40-1.34 (m, 5H), 1.31-1.18 (m, 40H), 0.87-0.85 (m, OH). C NMR (150 MHz,
CDC)6172.6,654,62.6,53.9,53.8,53.7,356,324,31.9,31.8,298,297, 296,295,294,
243,237, 2272,2268,199, 142 141

3,

293,202 286,276, 273,261, 260 (x2}, 25.9, 1
MS (ESTy: m/z [M+H] 668.6194 for C4iHz:NOs.
{00251] Compound AS-CL-21: dinctyl 2-{6-{{6-{decanoyloxy}hexyl}(3-
hydroxyprepyljaminejhexyl}-2-methyimalonate

f\/\oj’i\/\/\/\/\

Q
HOL N o /ii\ IR VI N
P Gl s M Sl NN

A5.CL21
{00252] Compound AS-CL-21 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. TH NMR (600 MHz, CDCL) 8
4.08 (1, J = 6.6 Hz, 4H), 4.05 (1, /= 6.6 Hz, 2H), 3.78 {1, J= 5.4 Hz, 2H), 2.62 (1, J= 5.4 Hz,
IH), 2.41-2.38 (m, 4H), 2.28 (¢, J = 7.2 Hz, 2H), 1.84-1 81 (m, 2H), 1.67-1.58 {m, 10H), 1.47-
1.41 (m, 4H), 1.38 (s, 3H), 1.37-1.20 {m, 42H), 0.88-0.85 (m, 9H). BC NMR (150 MHz,

CDCL) 8 174.1, 1726, 654, 648, 643,553, 542, 54.1, 538, 356, 345, 31.9. 318, 30.0,

>

295,293 (x23,2926(x2),2924(x2),28.7,28.6,278,274,272,268,26.7,2060,259,25 1,
24.4,2272,22.70,19.9, 141, MS (ES]): oz [M+H] 754.6549 for C4sHaaNO7.
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{00253 Compound AS-CL-22: dioctyl 2-(6-(decyl{3-hydroxypropyilaminsihexyl}-2-
propylmalonate
J/’\/\v/“\,f
b
HO A~ N /"E\o/’\.v/\/\/"\\
O/ \0/'\,/'\.,/'\\_/\

AS-CLazZ
{00254] Compound AS-CL-22 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oif. 'H NMR (600 MHz, CDCls) §
4.08 (t, J= 6.6 Hz, 4H), 3.78 (1, ./ = 5.4 Hz, 2H), 2.61 (1, J= 5.4 Hz, 2H), 2.38 (t, /= 7.8 Hz,
4H), 1.86-1.82 (m, 4H), 1.68-1.63 (m, 2H), 1.61-1.57 (m, 4H), 1.47-1 41 (m, 45, 1.32-1.22
{(m, 38H), 1.18-1.11 (m, 4H}, 0.91 (¢, J=7.2 Hz, 3H), 0.88-0.86 (m, 9H}. PC NMR (150 MHz,
CDCLY 8 172.1, 65.2, 64.9, 57.7, 55.4, 543, 542, 34.6, 32.4, 32.0, 31.9, 30.0, 29.70, 29.69,
29.67,29.4, 293, 292, I8.6, 278, 27.6, 274, 269, 268, 26.0, 24.1, 22.8, 22.7, 17.5, 14.5,
14.18, 14.15. MS (ESD: m/z [MAHT 668.6180 for CayHeINOs.

{00255] Compound AS-CL-23: dicctyl 2-{6-(dodecyl{3-hydroxypropyllaminethexyi}-2-

methylmalonate
J/\/\/\_/\./

7 9
HO N /\t"LO/\JM N
o = 01’\\/’\/‘\,»"\\

AB-6L23
[00256] Compound AS-CL~23 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colotless oil. "H NMR (600 MHz, CDCl5) §
4.08(t,/=06Hz 4H) 378 (1, J=54 Hz, 2H), 2.61 (t, J= 5.4 Hz, 2H), 2.39-2.37 (m, 4H},
1.84-1.81 (m, 2H), 1.67-1.64 (m, 2H), 1.62-1.57 (m, 4H), 1.47-1.42 (m, 4H), 1.38 (s, 3H),
1.32-1.20 (m, 44H), 0.88-0.86 (m, 9H). "C NMR (150 MHz, CDC1) 8 172.6, 65.3,64.9, 55 4,
54.3,54.2,53.8,35.6,32.0, 31.8, 29.9, 29.7 (x2), 29.4, 29.3 (x3), 29.2 (x2), 28.6, 27.8, 27.6,
27.4,269,268,259, 244, 22.7,22.6,19.9, 14.2, 14.1. MS (ESD): m’z [M+H]" 668.6181 for
CaHeoNGs.

1002577 Compound 9a: decyl octyl malonate {Step 9)
9
E"JE\D/\\”/\\’/\\’/\\
P N N N
8z
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{002587 A solution of Meldrum’s acid (2.5 g, 17.35 mmol) and octanol (2.26 g, 17.35 mmol}
in toluene was refluxed for 4 hours. After evaporation, the residue was dissolved in DCM, and
then the addition of 1-decanol (4.12 g, 2.6 mmol), EDCI (8 g, 2.6 mmol) and DMAP (042 g,
3.47 mmol}. The mixture solution was stirred at R. T for 4 hours. After washing with 2N HClwg
and brine, the crude compound was purified by silica gel column chromatography with
EA/Hex (1/50) to yield the desired compound 9a (5.65 g, 90%) as a colorless oil. 'H NMR
(600 MHz, CDCL) 6 4.11 (t, J = 6.6 Hz, 4H), 3.34 (s, 2H), 1.64-1.59 (m, 4H), 1.32-1.24 {(m,
24H), 0.87-0.85 (m, 6H). PC NMR (150 MHz, CDCl3) § 166.7, 657, 41.7,31.9, 31.8, 29.6,
293, 2925, 29.20, 28 5, 25.8, 22.7, 22.6, 14.11, 14.08. MS (ESI): m/z [M+Nal" 379.2823 for
CuHOsNa.
{00259] Compound 9b: hexyl octyl malonate
=,JOLQ/\/\/\/\
o7 NN
s
[00260] Compound 9b was synthesized according to the step 9 procedure in scheme 4. The
titte compound was obtained as a colorless oil. 'TH NMR (600 MHz, CDCL) 8 4.10(, /=66
Hz, 4H), 3.33 (s, 2FH), 1.61-1.59 (m, 4H), 1.31-1.26 (m, 16H), 0.85-0.84 {m, 6H). °C NMR
(150 MHz, CDCL) 5 166.7,65.6,41.7,31.8,31.4, 20.2 (x2), 28.5, 28 4, 25.8, 25.5, 22.6, 22.5,
14.1, 14.0. MS (ESI): m/z [M+Na] 323.2190 for C7HsOsNa.

{00261] Compounnd AS-CL-24: i-decyl 3-octyl 2-{6-{decyl{3-
hydroxyprepyDamino}hexyl-2-methylmalonate
=/“\/’\/’"\/"

£ o
HO N h\o/’\\./’\\/ NN
[ S Nl el N

AS-CLA
{00262] Compound AS-CL-24 was synthesized according to the procedure in scheme 4 and
the general step 8 procedure in scheme 2. The title compound was obtained as a colorless oil.
'H NMR (600 MHz, CDCl3) § 4.08 (t, /= 6.6 Hz, 4H), 3.78 (t, /= 54 Hz, 2H), 262 (1, J =
5.4 Hz, 7H), 2.38 (1, J = 7.8 Hz, 4H), 1.84-1.81 (m, 2H), 1.67-1.63 {m, 2F), 1.62-1.57 (m,
4H), 1.47-1.41 {m, 4H), 138 (s, 3H), 1.29-1.18 (m, 44H), 0.88-0.86 (m, OH). ¥C NMR {150
MHz, CDCl:) § 172.6, 65.4, 64.9, 55.4, 54.3, 54.2, 53.8, 35.6, 32.0, 31.9, 30.0, 29.70, 29.69,
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29.67, 29.63, 29.4, 2930, 29.28, 2926, 28.0, 278, 27.6, 274, 265, 268, 259, 244, 22 8,
227,200, 142, 14.1. MS (ESI): mz [M+H] 668.6192 for Cs1HgNOs.
[00263] Compound AS-CL-25: dioctyl 2-{6-{decyl{é-hydroxvhexyl)amino}hexyi}-2-

methylmalonate
AN TN

]
HQ/\_/\,/\/N \./\/"v’\i/kn/‘v"v’\,/\
0.;5\()/\\//\\//\//\\

£5-CL25
{00264] Compound AS-CL-25 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCls) §
4.07(,./=66Hz, 4H}, 3.61 (t, /= 6.6 Hz, 2H), 2.43-2.39 (m, 6H), 1.83-1.80 {m, 2H), 1.59-
1.53 (m, 6H), 1.45-1.38 (m, 6H), 137 (s, 3H), 1.36-1.19 (m, 44H), 0.87-0.85 (m, 9H). ’C
NMR (150 MHz, CBClz) 8 172.6, 654, 62.9, 5412, 54.01, 53,95, 5382, 35.6, 32.8, 32.0,
31.8,299,207 206,294,293, 292,286,277, 274,273, 20,64, 26.59,26.55,259,257,
24.4,2273,22.69, 199, 142 14 1. MS (EST): m/z [M+H] 6826350 for CyHzaNOs.
{00265] Compound AS-CL-26: dioctyl 2-(d-(decyl(3-hydroxypropyllamingibutyl)-2-
methylmalonate

r/\v"\/\“/

"/

{ Q
HO o~ N N L.\'O/\“' N NN
P T NN

AS-CL-28
[00266] Compound AS-CL-26 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCI3) &
4.08 (t, J = 6.6 Hz, 4H), 3.76 (1, J = 5.4 Hz, 2H), 2.60 (1, J = 5.4 Hz, 2H), 2.39-2.36 (m, 4H),
1.86-1.83 (m, 2H), 1.65-1.63 (m, 2H), 1.60-1.36 (m, 4H), 1.48-1.41 (m, 4H), 1.37 (s, 3H),
1.31-1.18 {m, 36H), 0.87-0.85 (m, 9H). VT NMR (150 MHz, CDCL) 8 172.5,65.4,64.8, 55 3,
544, 540,538,356,32.0,31.9,2970,29.67,2066,294, 203,202 286,279 276,272,
269,259,228 227,224,200, 142, 141, MS (ESI): m/z [MAH] 612.5555 for Cy7H7NOs.
[00267] Compound AS-CL-27: I-hexyi 3-oetyl 2-{6-{decyl{3-

hydroxypropyljaminolhexyl}-Z-methyimalonate
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s5-cL27
{00268] Compound AS-CL-27 was synthesized according to the procedure in scherue 4 and
the general step 8 procedure in scherve 2. The title compound was obtained as a colorless oil.
'H NMR (600 MHz, CDCl3) 8 4.08 (1, J = 6.6 Hz, 4H), 3.78 (, /= 5.4 Hz, 2H), 2.61 (1, ./ =
5.4 Hz, 2H), 2.38 (t, J = 7.2 Hz, 4H), 1.84-1.81 (m, 2H), 1.66-1.64 (m, 2H), 1.60-1.58 (m,
4H), 1.45-1.42 (m, 4H), 1.38 (s, 3H), 1.32-1.18 (m, 36H), 0.89-0.86 (m, OH). BC NMR {150
MHz, CDCl) § 172.6, 65.4, 64.9, 554, 543, 54.2, 53 8, 35.6, 32.0, 31.9, 31.5, 30.0, 29.69,
29.68,29.66,29.4,293,292, 286,285,278, 276,274,209, 26.8,259,256,244, 228,
227,226,199, 14.2, 14,1, 14.0. MS (ESI}: m/z [M+H]" 61235685 for CrHnNQOs,

{00269] Compound AS-CL-28: didecyl 2-{6-{decyl{3-hydroxypropyllamino)hexyli}-2-

methylmalonate
J/‘\/*\/\/

{ o
HO\/\V—N\V/\/\/'\ifd\gf\/‘xf\/\/\

045\0/\v/'\v/'\v/“\/‘\

AS-CL28
[002707 Compound AS-CL~28 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) §
407, J=066Hz 4H), 3.77(, J=S4 Hze, 2H), 261 ({, /=54 Hz, 2H), 237 (1, /=72 Hz,
4H), 1.83-1.81 (m, 2H), 1.67-1.63 (m, 2H), 1.61-1.56 (m, 4H), 1.46-1.41 {m, 4H), 137 (s,
3H), 1.32-1.18 (m, 48H), 0.87-0.85 (m, 9H) C NMR (150 MHz, CDCI3) 8 172.6, 65.3, 64 9,
554,543, 542, 538 356(x2),32.0,30.0,2969, 2967, 29.65, 29.61 (x2), 29.4 (x2), 293,
28.6,278,27.6,274,269,268,259, 244,22.7(x2),199, 14.2 (x2). MS (ESI): sz [M+H]"
696.6505 for CasHesNOs,

{00271] Compound  AS-CL-29:  disetyl  2-(6-{{6-{(2-hexyldecanoyloxythexyl}{3-

hydroxyprepyljaminehexyl}-2-methylmalonate
o]
.,JJ\ N N
() a
J/J/\ T\,"\v"‘\

HO AN ’.J\D/\v/\/\/ ~
04 Q‘/\v/‘\\f/\*/\

AS-CL-28
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{00272} Compound AS-C1-29 was synthesized according to the general step 8 proceduse in
scheme 2. The title compound was obtained as a colorless oil. "H NMR {600 MHz, CDCl3) 8
407 (t, /J=066Hz 4H), 404t J=66Hz, 2H),3.77 (t, /=54 Hz 2H), 261 {t,./=54 Hz,
2H), 2.39-2.36 (m, 4H), 2.31-2.27 {m, 1H), 1.83-1.81 {m, 2H), 1.66-1.56 {m, 10H)}, 1.49-139
{(m, 6H), 1.37 (s, 3H), 1.35-1.17 (m, S0H), 0.87-0.84 (m, 12H). PC NMR (150 MHz, CDCls)
8 1678, 1726, 653,649, 641, 553, 5422, 5419, 53.8, 459, 35.6, 32.6 (x2), 319, 318,
317,300, 29.6,20.5 293, 2928, 29.26, 29.24, 288, 28.6, 27.8, 27.5, 2748, 2743, 27 .2,
26.9,26.8,26.0,25.9, 24,4 2272 2269, 22,65, 19.9, 14.2, 14.1 (x2). MS (EST): mz [M+H}
§38.7495 for CsiHieoNO-.

{00273 Compound AS-CL-30: bis{o-({6-(decanoyloxy}hexyD{3-
hydroxypropyDaminolhexyl) 2,2-dihexylmalonate

o}
\/\/\OJ\/\/\/\/\

A o]
HO\/‘\,—:’\:V»\/\,AO_ ‘(/ PR

HO SN NA\_/\\/\/O‘“\% TN
\/\/\/O\ﬂ/\/\/\w\/
Q

A5-CL30
{00274] Compound AS-CL-38 was synthesized according to the procedure in scheme 5.
{00275] A mixture solution of malonic acid (2 g, 19.21 mmol), 6-bromchexan-1-0l (765 g,
42.26 mmol}, EDCI (8.1g, 42.26 mmol} and BDMAP (047 g, 3.84 mumol) in DCM was stirred
at R.T overnight. After washing with 2N HCly and evaporation, the residue was purified by
silica gel column chromatography with EA/Hex (1/10) to yield the compound 18 (4.18 g, 50%)
as a light-yellow oil. "H NMR (600 MHz, CDCls) § 4.14 {t, J = 6.6 Hz, 4H), 3.40 (t, /= 6.6
He, 4F), 3.36 (s, 2H), 1.88-1 84 (m, 4H), 1.69-1.64 {m, 4H), 1.50-1.44 (m, 4H), 1.41-1.35 {m,
4H). *C NMR (150 MHz, CDCl3) § 166.6, 65.3, 41.5,33.6, 32.5, 28.2, 27.6, 24.9.

{00276 A mixwre solution of compound 18 (1.07 g, 2.49 mmol) and 1-iodohexane (2.11g,
9.95 mmol) was stirred at R.T, and then the addition of NaH (0.2 g, 5 mmol}. The reaction
solution was stirred at R T for 4 hours. After washing with sat. NHsClg and evaporation, the
residue was purified by silica gel column chromatography with EA/Hex (1/25) to yield the
compound 11 {1 g, 67%) as a yellow oil. '"H NMR (600 MHz, CDCl3) $§ 4.10 (1, /= 6.6 Hz,
48}, 340 (t, J=6.6 Hz, 2H), 1 .86-1.83 (m, 8H), 1.65-1.60 {m, 4H), 1.48-1.43 {(m, 4H), 1.38-
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1.33 (m, 4H}, 1.33-1.22 (m, 12H), 1.17-1.09 (m, 4H), 0.88-0.86 (m, 6H). P NMR (150 MHz,
CDCI3y 8 172.0,64.8,57.7,33.5,32.6,322,31.5,295,283,27.7,251,239,22.5,14.0. MS
(ESIy, mz [M+Na]™ 6191967, [M+Nal*® 6211942 and [M+Na]*™ 623.1930 for
CorHse0O4BrzNa.

[00277] A mixture solution of compound 13 (160 mg, 0.267 mmol}, KI(90 mg, 0.534 mmol)}

g,
and 3-amino-i-propanol {1 g 13.37 mmol) in MeCN/DCM was stirred at R.T for 4 hours.
After evaporation, the residue was dissolved in DCM and washing with water and brine. After
removing the solvent, the crude was mixed with 6-bromohexyl decanocate (212 mg, 0.633
mmol), KI {185 mg, 0.633 mmol) and KoCOs (320 mg, 1.15 mmol) in MeCN/DCM. The
mixture solution was heated at 50°C overnight. After evaporation, the residue was purified by
sifica gel colurmn chromatography with 3%MeOH/DCM/1%NH4OH to yield the title
compound AS-CI-368 {130 mg, 57%) as a colorless oil. TH NMR (600 MHz, CDCL) 6 4.06 (¢,
J= 6.6 He, 4H), 4.03 (1, J= 6.6 Hz, 4H), 3.76 (br. s, 4H), 2.60 (1, J = 5.4 Hz, 4H), 2.37 (1, J =
7.8 Hz, 8F), 2.26 (t, / = 7.8 Hz, 41, 1.84-1 81 (m, 4H), 1.65-1.56 (m, 16H), 1.48-1.42 (m,
8H), 1.37-1.24 (m, 52H), 1.14-1 07 (m, 4H), 0.86-0.84 (m, 6H). “C NMR (150 MHz, CDCls)
S 1740, 1721, 65.0, 648,043, 577,553, 542 (x2} 344,323,31.9,31.6,206,295,293
{x2),29.2(x2),28.7,28.6,27.9,27.2(x2},26.8,26.0,259,250,240,22.7,22.6,14.14, 14.09.
MS (ESH: sz [M+H] 1095.9487 for CesHinrNyGio
{00278] Compound AR-CL-31:  bis(6-{decyl(3-hydroxypropyllaminoihexyl} 2,2-
dihexylmalonate

.,/\/’\\/\\/‘\/’
! [}
HO._~_-N N g /N\/\\

O S S A N\
H o
RS S TN

AS-CLS3Y

[00279] Compound AS-CL-31 was synthesized according to the procedure of AS-CL-30.
The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl5) § 4.09-4.06
(m, 4H), 3.78-3.76 (m, 4H), 2.62-2.38 (m, 4H), 2.38 (br. s, 8H), 1.85-1.83 (m, 4H), 1.66-1.65
{m, 4H), 1.63-1.58 (m, 4H), 1.49-1.41 {m, 8H}, 1 36-1 .22 {m, 48H), 1.14-1.11 {(m, 4H), 0 86~
0.85 (m, 12H). P*C NMR (150 MHz, CDCl3) § 172.2, 65.1, 64.9, 57.8, 55.3, 54.3, 54.2, 32.3,
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2.0, 316, 297 (x2), 29.66, 29.6, 29.4 286, 279, 27.6,27.2, 269, 268, 260, 24.0, 2
226,142, 14.1. MS (ESI): m/z [M+H]" 868 0482 for CssHigrN2Os.
1002807 Compound AR-CL-32: dioetyl 2-{6-{decyi{{1s5,45)-4-

{hydroxymethyljcycichexyllaminojhexyl)-2-methylmalonate
/\./‘\/"\/’

Vj\/j»“\/\/ vxi)& O NN NN
B NN
Ag-cL32

{00281] Compound AS-CL-~32 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR {600 MHz, CDCl3} §
4.07(t,J= 6.6 Hz, 4H), 3.59 (d, J = 7.2 Hz, 2H), 2.53-2 45 (1, 5H), 1.83-1.80 (m, 2F), 1.78-
1.71 (m, 2H), 1.61-1.55 (m, 6H), 1.45-1.38 (m, 6F), 1.37 (s, 3H), 1.32-1.18 (m, 42H), 0.87-
0.8S (m, 9H). PC NMR (150 MHz, CDCl3) § 172.6, 65.3, 64.4, 594, 53.8, 50.6, 50.4, 36.1,
35.6,319,31.8,299,29.7, 29.6,29.4, 2924, 2922, 28.6, 27.6,27.4, 25.9, 24.6, 24.4, 22.72,
2267199, 142, 141 MS (ESD: mz [M+H]" 694.6339 for C43HuNOs,

[00282] Compound AS-CL-33: diectyl 2-{6-{decyi{{4-

hydroxycycishexylimethyhaminothexyl)-2-methyimalonate
:’/\N ~"

HO\(\: r/ o
\/)\/' N B e NP Jj\ 0/\\’/\“/\/\
OF 0T TN TN NN
ASCL-33

[00283] Compound AS-CL-33 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR {600 MHz, CDCl3) &
4.07-4.01 {(m, 4H), 3.88 {(br. 5, 0.5H), 3.48-3 46 (m, 0.5H), 2.27-2.25 (m, 4H), 2.13-2.12 (m,
1H), 2.06-2.05 {m, 1H), 1.92-1.90 (m, 1H), 1.80-1.77 {m, 3H), 1.63-1 48 (m, 7H), 1.41-1.14
{m, 48H), 0.84-1.81 (m, 9H). PC NMR (150 MHz, CDCL) § 172.5, 71.2, 67.3, 65.2, 61.0,
60.2,54.9,548,54.7,53.7,356,355,354,347,322,319,31.8,299,297,296,293,29.2,
291, 285,2752,2749,273,272,271,270,258,256,243,227,226, 1938, 14.1, 14.0.
MS (ESI): sz [M+HT 694.6353 for CaaHuNOs.

{00284] Compound AS-CL-34: didecyl 2-ethyl-2-{4-({(6~((2-hexyldecanoyljoxyhexyDH(3-

hydroxyprepyllamino}butyljmalonate
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ASLL-34
[00285] Compound AS-CL-34 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 'H NMR (600 MHz, CDCl3) &
4.09-4.02 {m, 6H), 3.76-3.75 (m, 2}, 2.61 (br. s, 2H), 2.39 (br. s, 4H), 2.29-2.27 (m, 1H),
1.90 (q, /= 7.8 Hz, 2H), 1.87-1.84 (m, 2H), 1.65-1.55 (m, 10H), 1.47-1.12 (m, 60H), 0.87-
0.85 (m, 12H), 0.79 (1, J= 7.8 Hz, 3H). BC NMR (150 MHz, CDCls) § 176.7, 171.9, 65.2,
64.6, 64.0, 58.0, 551, 543, 54.0,459,326,31.93,3190, 31.7, 296 (x2), 295,294,293,
2927, 287, 28.6, 27.9, 27.5, 27.4, 27.2, 26.8, 26.0, 25.9, 25.3, 22.7, 22.6, 22.1, 14.1. M8
(ESIy: m/z [M+H] 880.7963 for CsqHioeNO7.
{00286] Compound AS-CL-35: didecyl 2-{4-(decyl(3-hydroxypropylaminojbutyl)-2-
ethyimalonate

J/\ N N

HO\’/\”N\’/\\’/\E?L’O/\/\/\/\“/A\‘

O TN TN TN TN TN

AG-CLS8
{00287] Compound AS-CL-35 was synthesized according to the general step 8 procedure in
scheme 2. The title compound was obtained as a colorless oil. 4.09-4.06 (m, 4H), 3.76 {t, /=
4.8 Hz, 2H), 2.64 (br. s, 2H), 2.43-2.40 (m, 44}, 1.90 (g, ./ = 7.8 Hz, 2H}, 1.87-1.84 (m, 2H),
1.68-1.66 (m, 2H), 1.60-1.56 (m, 4H}, 1.50-1.45 (m, 4H), 1.28-1.24 (m, 42H), 1.16-1.10 (m,
2H), 0.87-0.85 (m, 9H), 0.79 (/= 7.8 Hz, 3H). 'H NMR (600 MHz, CDCl3) § 171.9, 653,
64,4, 58.1,55.0,54.2,53.9,32.0,31.7,297,29.6(x2),294,293, 286,278, 275,270,267,
25.9,254,227,22.1, 141, 8.5. MS (ESI}: m/z [M+H] 682.6341 for CoxHssNOs.
{00288] Example 2 Preparation and characterization of nucleic acid loaded Hpid
nangparticles
{00289] 2.1 Preparatien of mRNA-lipid nanoparticle (mRNA-LNP) complexes
{00290] LNPs comprised of commercially available ionizable lipids were formulated with a
total lipid concentration of 50 mM MC3-, SM-102, AS-CLOS, AS-CLO9, AS-CL28 or AS-
CL35 LNPs were formulated with (DLin-MC3-DMA, SM-102, AS-CL0S, AS-CLOS AS-
CL.28 or AS-CL35Y/DSPC/Cholesterol/DMG-PEG2000 in molar ratio of 50/10/38.5/1.5. Each
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lipid was dissolved in ethanol and mixed according to the specified molar ratios in the organic
phase.
{00291 The LNPs were assembled with mRNA using NanoAssmblr™ (Precision

NanoSystems) Ignite microfluidic mixing device. Two different mRNA targets were

N

encapsulated in LNPs: (1) the mRNA of SARS-CoV-2 S protein from WT and Omicron BA S,
and (i1) the mRNA encoding DENVZ serotype envelope (E) protein (DENV2 E mRNA). To
this purpose, the mRINA was dissolved in 50 mM sodium acetate butfer (pH 4.5}, with the NP
lipid mRNA ratio at a constant value of 6.5, prior to mixing in the Spark NanoAssmblr™
{Precision NanoSystems). A 16-ul aliguot of the organic phase and a 32-ul. aliquot of the
10 aqueous phase were mixed and ejected into 48 pl. of PBS at pH 7 4. The LNPs were then
difuted into an additional 96 pl. DPBS at pH 7 4 and dialyzed against PBS.
{00292] 2.2 Physiochemical characterization of mRNA-LNP complexes
[00293] The mRNA-LNP complexes of Example 2.1 were diluted 100-fold in PBS (pH 7.4)
and transferred into a 384-well microplate for size and polydispersity index (PDD)
15 measurements by Dynamic Light Scattering (DLS). Encapsulation efficiency was evaluated
by disrupting each complex with 1% Triton X-100 to release the mRNA cargo therein.
Results are summarized tn Table 2.
[00294] Table 2. Physiochemical characterization of the mRNA-LNP complexes of

Example 2.1

\\\ Parmameters PDI Encapsulation
\\\ Size (no)

Formulation ™ efficiency (%)
MC3-LNP 73 0.19 a8
SM-102-LNP 72 .18 96
AS-CLOS-LNP 94 0.22 97
AS-CLOY-LNP 81 0.13 90
AS-CL28-LNP 96 0.21 a5
AS-CL35-LNP i04 0.13 920

20 [002957 The data in Table 2 confirmed that the present cationic lipid, AS-CL05, AS-CL09,
AS-CL28 and AS-CL35 could respectively associate with other helper lipids to form
nanoparticles. The physical characteristics of AS-CLO5-LNPs, AS-CLO9-LNPs, AS-CL28-
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LINPs and AS-CL3S-LNPs including size and polydispersity index (PDI}, were similar to
those of other LNPs composed of commercially available cationic lipids. The average particle
sizes of mRNA-LNP complexes were found to be between 70-90 nm, PDI values for all
complexes were lower than 0.3, indicating a uniform distribution and lack of aggregation in
aqueocus solution.

[00296] 2.3 In vitre and in vivo protein expression

{00297] To assess mRNA transfection and protein expression i vifro, 2937 cells were treated
with mRNA-LNP complexes of Exampie 2.1, and cell lysates were collected and analyzed by
flow cytometry. It was found that each mRNA-LNP complex could induce S protein
expression in the transfected cells. Among the tested lipids, LNPs forred by the present
cationic lipid ~ AS-CL09 exhibited the highest protein expression level, followed by MC3,
SM102, AS-CLO5, AS-CL28 and AS-CL35 (Fig. 1A and 24).

[00298] After confirming that each of the mRINA-LNP complexes could successfully induce
protein expression in the cell-based assay, the immunogenic effects were assessed in BALB/c
mice. Mice receiving saline served as negative conitrols.  An ELISA-based method was
performed to evaluate the binding of serum antibodies to WT recombinant S proteins and
BAS recombinant S proteins.  The antibodies elicited by the WT mRNA-AS-CLO9 LNPs
and the BAS mRNA-AS-CLO9 LNPs exhibited the highest binding efficiency, while
complexes respectively formed by MC3, SM-102, AS-CLO3, AS-CL28 and AS-CL3S
induced antibodies with slightly lower binding efficiencies (Fig. 1B and IB).

{00299] 2.4 Serum meutralizing activity against SARS-CoV-2 variant pseudeovirus
{003007 Neutralizing activity was evaluated using sera collected from post-vaccinated
animals. In the pseudovirus nentralization experiments, sera from mice tmmunized with BAS
mRNA-AS-CL09 LNP complex exhibited the highest neutralizing ability. fn comparison with
MC3 and AS-CLOS groups, the sera from mice tmmunized with BA 5 mRNA-AS-CLO9 LNFP
complexes had 9-fold higher neutralizing antibody titers against the BAS pseudovirus.
Additionally, AS-CL0S-containing LNPs had a better neutralizing antibody profile than SM-
102 LNPs (Fig. 1C and Tahie 3). Thus, the type of ionizabie lipid in the LNP greatly atfected
the final outcome of serum neutralizing activity, with AS-CLOD exhibiting the best

performance among tested lipids.
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{00301] Table 3. Hall maximum inhibitory concentration (1Cse) of mRNA-LNP

compiexes of Example 2.1 evaluated by SARS-CoV-2 psendeovirus

SARS-CoV-2 psendovirus ICso {(Sevwm dilution)

MC3-LNP

SMIG2-LNP

AS-CLOS-LKP

AS-CLOSLNP

4 weeks

4566 + 109

9379 + 202

G

(98]

558

3

¢

3]

11138 + 769

6 weeks

1651 + 60

11566 + 531

5636 +£235

12583 + 989

8 weeks

1675 + 163

13695 + 659

7424 + 826

15646 + 886

{00302] 2.5 Comparison of DENVI E mRNA-AS-CLOY LNP complexes and DENVIE
mRNA-SM-102 LNP compleses
5 [00303] In this example, 2937 cells were treated with DENV2 E protein mRNA-LNP

complexes derived from AS-CLO9 or SM-102 lipids, and analyzed for protein expression by
flow cytometry using in-house monoclonal antibody against the DENV2 E protein (DB32-6).
Results showed that DENV2 E protein was successtully expressed after transfection with
either mRNA-LNP complex (Fig. 34), and the protein expression levels were similar for both
10 mRNA-LNP compiexes.
{00304] Next, BALB/c mice were immunized with the mRNA-LNP complexes by
intramuscular injection in accordance with procedures described in the “Materials and
methods” section, and serum samples were collected on week 6 to evaluate the neutralizing
antibody binding activity by ELISA. It was found that sera of mice inoculated with DENV2
15 E mRNA-AS-CLO9 LNP exhibited higher binding activity against DENV?2 serotype virus
when compared with sera from DENV2 E mRNA-SM-102 LNP-vaccinated mice (Fig. 3B).
The plague reduction neutralization titer (PRNT) assay was used to evaluate the neutralizing
activity of DENV auntibodies against BHK-21 cells. Neutralizing antibodies were found at a
high level in mice injected with DENV2 E mRNA-AS-CLOS LNPs. For the sample, PRNTS0
20 values were around 24,725, which was approximately 1 4-times higher than the value from
DENV2 E mRNA-SM-102 LNP sera (Fig. 3C and Table 4}.
{00305] Table4. Half maximum inhibitery concentration (ICs0) of DENV2Z E mRNA-
AS-CLOY LNP complexes evaluated by PRNT assay
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T PRNTso
e
\ . . .
T {Serum dilution)
Saline <150
SM-102 17.448
AS-CLO9 24725

{0030¢6] Based on these results, we concluded that compared with SM-102-containing
mRNA-LNP complexes, mRNA-LNPs containing AS-CLO9 ionizable lipid exhibited higher
antibody production after intramuscular vaccination.

{003077 Taken together, the AS-CLOS-LNPs, AS-CLO9-LNPs, AS-CL28-LNPs and AS-
CL35-LNPs could efficiently deliver mRNA encoding the SARS-CoV-2 spike protein or
DENV E protein for expression.  Furthermore, in terms of mRNA delivery efficiency, AS-
CLOS-LNPs, AS-CLO9-LNPs, AS-CL28-LNPs and AS-CL35-LNFPs may be comparable with
other LNPs composed of lipids from commercial sources (i.e, MC3- SM-102 or ALC-0315),
Accordingly, the present cationic lipids {e.g, AS-CLOS-LNPs, AS-CLOS-LNPs, AS-CL28-
LNPs and AS-CL35-LINPs) are useful for the manufacture of LNPs for gene and drug delivery.
[00308] It will be understood that the above description of embodiments is given by way of
example culy and that various modifications may be made by those with ordinary skill 1n the
art.  The above specification, examples and data provide a complete description of the
structure and use of exemplary embodiments of the invention. Although various embodiments
of the invention have been described above with a certain degree of particularity, or with
reference to one or more individual embodiments, those with ordinary skill in the art could
make numerous alterations to the disclosed embodiments without departing from the spinit or

scope of the present disclosure.
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WHAT IS CLAIMED IS5
1. A lipid having the structure of formula (1,

N
y M
{CHp)p sy

wherein,
Ry i3 alkyl or cycloaltkyl optionally substituted with one or more hydroxyl, ~CH,0H,

—OCHZQH , of ~INKg groups;
m and n are independently an integral between 0 and 12;
R» and R; are independently H, alkeneyl, R¥, (C=Q)OCHR?, -O(C=0)R", or —
(C=0)OR®;
R%1s —CR{COOR™ ) or -CR(COORNCOOR™); and
R, R? R’ R”, and R’” are independently H or alkyl.

2. The lipid of claim 1, wherein the lipid is selected from the group consisting of
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5 3. Alipid having the structure of formula (II),

Ry
AN
(CHZ:’m o
Ry N = {CHa);C R, (ii}
Ry N =~ {CH e O R
(CHo)m O
Ve
Ra

wherein,
Ri1 and Rz are independently alkyl optionally substituted with one or more hydroxyl
group;
10 Ry s Hor -O{C=0)R’, in which R’ is alkyl; and

m and n are independently an integral between 1 to 10.

4. The lipid of claim 3, wherein the lipid is selected from the group consisting of,
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5. Alipid having the structure of formula (I},
R
) P
N==(CHz ~v-<
Fa ;
HO (HH1)
Ra
?3\5 —={CHa}, “““‘“§
G
Rz

5 wherein,
m and n are independently an integral between 1 10 10; and

Ry, Ry, Ra and Ry are independently H or alkyl.

Q =/‘ VN
r/\/\/\')i\()/g\/\’/\“/\\’/

N N e
HO”
N/\,/\/\/\R/OT/:\//\/\/\
L © NN
6. The lipid of claim 5, wherein the lipid is HiL-R1E

7

A liptd nanoparticle having a hydrophilic core, and an outer lipid bilaver shell formed by

one or more of the lipids of claims 1 to 6.

8. The lipid nanoparticle of claim 7, further comprising a therapeutic agent disposed in the

15 hydrophilic core or the outer lipid bilayer shell of the lipid nanoparticle.

9. The lipid nanoparticle of claim 8, wherein the therapeutic agent is a nucleic acid of a viral

protein.
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10.  The lipid nanopasticle of claim 9, wherein the nucleic acid is mRNA of spike protein of

SARS-CoV-2.

11, The lipid nanoparticle of claim 10, wherein the nucleic acid is mRNA of an envelope

protein of Dengue virus.
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