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Lipid Compound and Composition Thereof

Cross-Reference to Related Application

The application is based upon and claims priority to Chinese application No. 202311424873.0
filed on October 30, 2023, the disclosure of which is hereby incorporated by reference in its entirety.
Technical Field

The application belongs to the field of biomedicine and biotechnology, and relates to an active
ingredient delivery system for a new-type lipid compound.

Background

Nucleic acid drugs are various oligoribonucleotides (RNA) or oligodeoxyribonucleotides (DNA)
with different functions, which may regulate genes expressing related proteins based on the
principle of base complementary, and may directly act on pathogenic target genes or target mRNA,
to play a role in the treatment of diseases at the genetic level. The sequence design of the nucleic
acid drugs is very easy, and the nucleic acid drugs may avoid the limitation issues of undruggable
targets faced by traditional small molecule drugs and antibody drugs. Moreover, it may regulate
both intracellular and extracellular proteins as well as cell membrane proteins. However, the
development of the nucleic acid drugs mainly faces three major problems: 1. the instability of
nucleic acid molecules, especially RNA, in vivo; 2. potential side effects; and 3. difficulties in drug
delivery systems and the like. With the development of new technologies, there are already good
solution methods to some difficulties, herein breakthroughs in chemical modifications and delivery
system technologies play a crucial role in the development of the nucleic acid drugs. Although the
chemical modifications may improve the stability and immunogenicity of the nucleic acid drugs, the
nucleic acid drugs need to enter cells to take effect. Since the nucleic acid drugs are relatively large
in molecular weight and usually negatively charged, the efficiency of uptake by the cells and the
efficiency of endosome escape are relatively low, thus the power of delivery systems is required.

Lipid nanoparticles (LNP) are a new-type nucleic acid biomolecular delivery technology, and
LNP is typically composed of four components: (1) an ionizable lipid that may be self-assembled
with mRNA into virus-sized particles and release mRNA from endosomes into cytoplasms; (2) a
pegylated lipid that may increase the half-life of LNP in blood; (3) a cholesterol that may increase
the stability of the nanoparticles; and (4) a phospholipid lipid that is helpful to the formation of lipid
bilayer structures. LNP may protect mRNA from being digested by RNA enzymes, and prevent
MRNA molecules from being recognized by toll-like receptors (TLRs), thus the excessive activation
of innate immune systems is avoided; and the ionizable lipid not only promotes the cellular uptake,
but also help drug molecules escape from the endosomes, as to achieve therapeutic effects.

At present, the LNP delivery system is still regarded as one of key technologies to promote the
entry of the nucleic acid drug molecules into therapeutic applications, and lipid compounds with
novel structures, high efficiency, and stable delivery performance still need to be developed.
Summary

Based on this, it is necessary to discover a novel ionized lipid compound to improve delivery
efficiency and stability in allusion to existing technical problems.

The application provides a novel lipid compound, a synthesis method thereof, and a
nanoparticle delivery system formed by mixing and encapsulating drug molecules by it with a
pegylated lipid compound, a structural lipid cholesterol, and a natural phospholipid and the like,
which may be used for in vitro cell delivery and in vivo organ-targeted cell delivery, it is specifically
as follows.
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In an implementation scheme, the application discloses a lipid compound in Formula (I) below,
or a salt or isomer thereof:

R4
Rz_M/
/
R1_N\
Ry——M YR*

YR* ()

herein R+ is -C1.6 alkylene-X,

herein X is selected from amino, hydroxyl, acetylenyl, cyano, -C(O)(CH2)1.sNRaRs,
-C(O)O(CH2)1.sNRaRp, -OC(O)(CH2)1.3sNRaRb, -C(O)NH(CH2)1-3sNRaRb, -NHC(O)(CH2)1.sNRaR,
-NHC(O)CH(NRaRb)(CH2)1.s3NRaRsb, Cs7 cycloalkyl, 4-7-membered heterocyclic group, Ce.10 aryl or
5-10-membered heteroaryl, and H atoms on the Cs.7 cycloalkyl, the 4-7-membered heterocyclic
group, the Ce.10 aryl, and the 5-10-membered heteroaryl groups are optionally substituted by the
foIIowing groups: -(CH2)1.3OH, -(CH2)1.3NRaRb or -(CH2)1.3C(O)NRaRb;

or Xis:

: N
§
- or . -

Rz is Cs.20 alkylene, herein one or more methylenes are each independently substituted by the
following groups: -CH=CH-, -C=C -, or -O-;

Rz is Cs.20 alkylene, herein one or more methylenes are each independently substituted by the
following groups: -CH=CH-, -C=C-, or -O-;

M is independently selected from -CH,-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-,
-C(0)0O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(0O)-, -C(S)-0O-, -O-C(S)-, -C(S)-S-, -S-C(S)-,
-S-S-, -C(S)NH-, -NHC(S)- or -O-P(O)(OH)-O-;

R
E YR* YR
R
Rsis R | YR* ,or YR* -

herein R is selected from H, R* or -(CH2)1.s-YR*;

Y is selected from -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(Q)0O-, -OC(O)-, -C(O)NH-, -NHC(O)-,
-C(0)-S-, -S-C(0O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-, -NHC(S)-, or
-O-P(O)(OH)-O-;

R* is independently selected from Ci.12 alkyl, C2.12 alkenyl, or Cz.12 alkyne; and

Ra and Ry are independently selected from H, C16 alkyl or C1.s halogenated alkyl.

In an implementation scheme, R4 in Formula (1) is -C1.s alkylene-X, herein X is selected from
amino, hydroxyl, acetylenyl or cyano;

Rz is Cs.20 alkylene;

Rs is a Cs.20 alkylene;
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M is independently selected from -CH,-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-,
-C(0O)0O-, -OC(0)-, -C(O)NH-, -NHC(0O)-, -C(0)-S-, -S-C(0)-, -C(8)-0-, -0-C(9)-, -C(S)-S-, -S-C(9)-,
-S-S-, -C(S)NH-, or -NHC(S)-;

E YR* YR
R

R4 is R YR* or YR*:

herein R is selected from H, R* or -(CH2)1.s-YR*;

Y is selected from -NH-, -C(O)-, -C(S)-, -O-, or -S-; and

R* is independently selected from Ci.12 alkyl, C2.12 alkenyl, or Cz.12 alkynyl.

In an implementation scheme of Formula (I), Ry is -Cis alkylene-OH, preferably -C.s
alkylene-OH, preferably -C».4 alkylene-OH, and preferably -C. alkylene-OH.

In an implementation scheme of Formula (I), Rz is Cs2 alkylene, preferably Cs.11 alkylene,
preferably Cr.11 alkylene, and preferably Cs.11 alkylene.

In an implementation scheme of Formula (I), Rz is Cs.2 alkylene, preferably C7.20 alkylene,
preferably C7.11 alkylene, preferably Cs.11 alkylene, preferably Cs.¢ alkylene, and preferably C-
alkylene.

In an implementation scheme of Formula (I), each M is independently -C(O)O-, -OC(O)-,
-C(O)NH- or -NHC(O)-, preferably -C(O)O- or -OC(O)-, and preferably -C(O)O-.

In an implementation scheme of Formula (I), each Y is independently selected from -O-.

In an implementation scheme of Formula (I), each R* is independently selected from C+.41 alkyl,
herein one or more methylenes are each independently substituted by the following groups:
-CH=CH-, and -C=C-, preferably C4.s alkyl, preferably C..s alkyl, preferably Ci.s alkyl, preferably C..s
alkyl, and preferably Ce alkyl.

In an implementation scheme, the application discloses a lipid compound in Formula (1) below,
or a salt or isomer thereof:

/RZ—M OR*
R1_N\ OR*
Ry——M OR*
OR* )

herein, the definitions of R4, Rz, Rz, M, and R* are the same as in Formula (I).

In an implementation scheme of Formula (Il), R+ is -Cx.¢ alkylene-OH;

M is selected from -CHy-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-,
-NHC(S)-, or -O-P(O)(OH)-0O-;

Rz is Cs.20 alkylene;

Rs is C7.20 alkylene;

R* is independently selected from Ci.41 alkyl, herein one or more methylenes are each
independently substituted by the following groups: -CH=CH- or -C=C-, preferably Cis alkyl,
preferably Cz.s alkyl, preferably Ci.s alkyl, preferably C..s alkyl, and preferably Cs alkyl.

In an implementation scheme of Formula (IlI), R is -C,s alkylene-OH; M is selected from
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-C(0O)0O-, -OC(O)-, -C(O)NH-, or -NHC(O)-; Rz is Ca.11 alkylene; Rz is Cr.41 alkylene; and R* is
independently selected from Ci.s alkyl.

In an implementation scheme of Formula (IlI), R1 is -C,.4 alkylene-OH; M is selected from
-C(0O)O-, -OC(0)-, -C(O)NH-, or -NHC(O)-; Rz is Cz.11 alkylene; Rs is Cs.¢ alkylene; and R* is
independently selected from Ci.s alkyl.

In an implementation scheme of Formula (Il), R+ is -C2 alkylene-OH; M is -C(O)O- or -OC(O)-;
Rz is Cr7.11 alkylene; Rz is Cr.g alkylene; and R* is independently selected from C1 alkyl.

In an implementation scheme of Formula (Il), R+ is -C» alkylene-OH; M is -C(O)O- or -OC(O)-;
Rz is Cr7.11 alkylene; Rz is C7 alkylene; and R* is independently selected from Cs alkyl.

In an implementation scheme of Formula (I), Ry is -C> alkylene-OH. In an implementation
scheme, R is -Cs alkylene-OH. In an implementation scheme, Ri is -C4 alkylene-OH. In an
implementation scheme, R; is -Cs alkylene-OH. In an implementation scheme, R is -Cs
alkylene-OH.

In an implementation scheme of Formula (I), M is independently selected from -C(O)O-.

In an implementation scheme of Formula (1), Rz is independently selected from Cs.11 alkylene,
and R; is independently selected from C-.11 alkylene. In an implementation scheme, R is
independently Cs alkylene. In an implementation scheme, R: is independently C4 alkylene. In an
implementation scheme, R: is independently Cs alkylene. In an implementation scheme, R: is
independently Ces alkylene. In an implementation scheme, R: is independently C; alkylene. In an
implementation scheme, R: is independently Cs alkylene. In an implementation scheme, R: is
independently Cg alkylene. In an implementation scheme, R: is independently C1o alkylene. In an
implementation scheme, R is independently C41 alkylene. In an implementation scheme, R; is
independently C7 alkylene. In an implementation scheme, R; is independently Cs alkylene. In an
implementation scheme, Rs is independently Ce alkylene. In an implementation scheme, Rs is
independently C+o alkylene. In an implementation scheme, R is independently C11 alkylene.

In an implementation scheme of Formula (I}, R* is independently selected from C1.s alkyl. In an
implementation scheme, R* is independently selected from Ca.s alkyl. In an implementation scheme,
R* is all Ce alkyl.

In an implementation scheme, the application discloses a lipid compound in Formula (III) below,
or a salt or isomer thereof:

o
RZJLO/Y\ OR*
HO——(CHZ)p\N/ OR*
R, o OR*
0 OR* (1

herein, the definitions of Rz, Rs, and R* are the same as in Formula (1), and p is an integer of
2-6.

In an implementation scheme of Formula (Ill), p is 2; Rz is C7.11 alkylene; R3 is Cz. alkylene;
and R* is independently selected from C1.s alkyl.

In an implementation scheme of Formula (Ill), p is 2; Rz is C7.11 alkylene; R3 is C7 alkylene; and
R* is independently Cs alkyl.

In an implementation scheme of Formula (ll1), Rz is independently selected from Cr.11 alkylene,
and Rz is independently selected from C79 alkylene. In an implementation scheme, R: is
independently C7 alkylene. In an implementation scheme, R: is independently Cs alkylene. In an

4
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implementation scheme, R: is independently Co alkylene. In an implementation scheme, R: is
independently C1o alkylene. In an implementation scheme, R: is independently C+1 alkylene. In an
implementation scheme, Rs is independently C; alkylene. In an implementation scheme, Rs is
independently Cs alkylene. In an implementation scheme, Rz is independently Ce alkylene.

In an implementation scheme of Formula (lll), R* is independently selected from C+.6 alkyl. In
an implementation scheme, R* is independently selected from C4 alkyl. In an implementation
scheme, R* is all Cs alkyl.

In an implementation scheme, the application discloses a lipid compound in Formula (V) below,
or a salt or isomer thereof:

OR*
RZ_M

HO—(CHp)p—N

OR*
\ /Y\ .
R3—\-‘——O OR
ol OR* (V)

herein, the definitions of Rz, Rz, M, and R* are the same as in Formula (l), and p is an integer of
2-6.

In an implementation scheme of Formula (IV), p is 2-4;

M is selected from -CHy-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-,
-NHC(S)-, or -O-P(O)(OH)-0O-;

Rz is Cs.20 alkylene;

Rs is a Cr.20 alkylene;

R* is independently selected from Ci.41 alkyl, herein one or more methylenes are each
independently substituted by the following groups: -CH=CH- or -C=C-, preferably Cis alkyl,
preferably Cz.s alkyl, preferably Ci.s alkyl, preferably C..s alkyl, and preferably Cs alkyl.

In an implementation scheme of Formula (IV), p is 2-4;, M is selected from -C(O)O-, -OC(O)-,
-C(O)NH-, or -NHC(O)-; R2 and Rs; are independently selected from Cs.11 alkylene; and R* is
independently selected from Ci.s alkyl.

In an implementation scheme of Formula (1V), p is 2-4; M is -C(O)O- or -OC(O)-; Rz is C7.11
alkylene; Rz is Cz9 alkylene; and R* is independently selected from C1 alkyl.

In an implementation scheme, the application discloses a composition, and it includes the
ionizable lipid compound of the application. In an implementation scheme, the composition further
includes a phospholipid. In an implementation scheme, the phospholipid is selected from at least

one of 1,2-dilinoleoyl-sn-glycerol-3-phosphocholine (DLPC),
1,2-dimyristoyl-sn-glycerol-phosphocholine  (DMPC), 1,2-dioleoyl-sn-glycerol-3-phosphocholine
(DOPC), 1,2-dipalmitoyl-sn-glycerol-3-phosphocholine (DPPQC),
1,2-distearoyl-sn-glycerol-3-phosphocholine (DSPC), 1,2-diundecanoyl-sn-glycerol-phosphocholine
(DUPC), 1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphocholine (POPC),
1,2-di-O-octadecenyl-sn-glycerol -3-phosphocholine (18:0 Diether PC), 1-oleoyl-2-cholesterol
semisuccinyl-sn-glycerol -3-phosphocholine (OChemsPC),
1-hexadecyl-sn-glycerol-3-phosphocholine (C16 Lyso PC),
1,2-dilinolenyl-sn-glycerol-3-phosphocholine, 1,2-diarachidonoyl-sn-glycerol-3-phosphocholine,
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1,2-didocosahexaenoyl-sn-glycerol-3-phosphocholine, 1,2-dioleoyl-sn-glycerol-3-phosphate
ethanolamine (DOPE), 1,2-diphytanyl-sn-glycerol-3-phosphate ethanolamine (ME 16.0 PE),
1,2-distearoyl-sn-glycerol-3-phosphate  ethanolamine, 1,2-dilinoleoyl-sn-glycerol-3-phosphate

ethanolamine, 1,2-dilinolenyl-sn-glycerol-3-phosphate ethanolamine,
1,2-diarachidonoyl-sn-glycerol-3-phosphate ethanolamine,
1,2-didocosahexaenoyl-sn-glycerol-3-phosphate ethanolamine,

1,2-dioleoyl-sn-glycerol-3-phosphate-rac-(1-glycerol) sodium salt (DOPG), dipalmitoyl phosphatidyl
glycerol (DPPG), palmitoyl oleoyl phosphatidyl ethanolamine (POPE),
distearoyl-phosphatidyl-ethanolamine (DSPE), dipalmitoyl phosphatidyl ethanolamine (DPPE),
dimyristoylphosphoethanol amine (DMPE), 1-stearoyl-2-oleoyl-phosphatidyl ethanolamine (SOPE),
1-stearoyl-2-oleoyl-phosphatidyl  choline (SOPC), sphingomyelin, phosphatidyl choline,
phosphatidyl ethanolamine, phosphatidyl serine, phosphatidyl inositol, phosphatidic acid, palmitoyl
oleoyl phosphatidyl choline, lysophosphatidyl choline, and lysophosphatidyl ethanolamine (LPE).

In an implementation scheme, the composition further includes a pegylated lipid compound. In
an implementation scheme, the pegylated lipid compound is selected from at least one of a PEG
modified phosphatidyl ethanolamine, a PEG modified phosphatidic acid, a PEG modified ceramide,
a PEG modified dialkylamine, a PEG modified diacylglycerol, and a PEG modified dialkyglycerol.

In an implementation scheme, the composition further includes a structural lipid. In an
implementation scheme, the structural lipid is selected from at least one of cholesterol, coprosterol,
sitosterol, ergosterol, campesterol, stigmasterol, brassicasterol, tomatidine, ursolic acid, and
a-tocopherol.

In an implementation scheme, the composition further includes an active ingredient, and the
active ingredient is selected from at least one of DNA, RNA, protein, and drug active molecules. In
an implementation scheme, the RNA is selected from at least one of MRNA, siRNA, aiRNA, miRNA,
dsRNA, aRNA, and IncRNA. In an implementation scheme, the protein is selected from at least one
of an antibody, an enzyme, a recombinant protein, a polypeptide, and an oligopeptide.

In an implementation scheme of the composition of the application, calculated by molar unit,
the ionizable lipid compound of the application is 20%-80%, the pegylated lipid compound is 1%
-10%, the structural lipid is 10% -50%, and the phospholipid is 5-30%.

In an implementation scheme, the application discloses a lipid nanoparticle, and it contains the
composition of the application.

In an implementation scheme, the application discloses a method for preparing the lipid
nanoparticle, and it includes Step (1): the ionizable lipid compound of the application is optionally
dissolved and mixed with the pegylated lipid compound, the structural lipid, and the phospholipid.
Optionally, the method also includes Step (2): the lipid nanoparticle is prepared by mixing with the
active ingredient through a mixer.

In an implementation scheme, the application discloses a use of the ionizable lipid compound
of the application in preparation of the lipid nanoparticle. Optionally, the lipid nanoparticle is neutral
and uncharged in a neutral medium, and positively charged after protonation in an acidic medium.

In an implementation scheme, the application discloses a pharmaceutical composition, and it
includes the lipid nanoparticle of the application and a pharmaceutically acceptable carrier.

In an implementation scheme, the application discloses a use of the lipid nanoparticle or the
pharmaceutical composition of the application in preparation of a drug. In an implementation
scheme, the drug contains an active ingredient, and the active ingredient is selected from at least
one of DNA, RNA, protein, or drug active molecules. In an implementation scheme, the RNA is
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selected from at least one of mMRNA, siRNA, aiRNA, miRNA, dsRNA, aRNA, and IncRNA. In an
implementation scheme, the protein is selected from at least one of an antibody, an enzyme, a
recombinant protein, a polypeptide, and an oligopeptide. In an implementation scheme, the drug is
used for a person by intravenous injection, intramuscular injection, subcutaneous injection,
microneedle patch, oral administration, oral and nasal spray, and daubing.

In an implementation scheme, the chemical formula of the ionizable lipid compound of the
application is as follows:
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Compared with the prior art, the difference from the ionizable lipid in the present application is
as follows.

1. Different chemical structures: Two or one of the fatty chains containing an ester group are
connected to a nitrogen atom (N) of a tertiary amine, respectively, through the hydroxyl group at
position 1 or 3 of glycerol, to achieve connection with saturated or unsaturated fatty chains, thereby
forming a novel fatty chain containing an ether bond. And a result shows the better efficiency in
ionizable lipid transfection; and

2. Simple synthesis and easy availability of raw materials: the starting raw materials are
glycerol, short fatty alcohol, and fatty acid, the raw materials are cheap and easy to obtain, and the
synthesis is simple.

Brief Description of the Drawings

Figs. 1A-1D are schematic diagrams of the photon number per unit area (p/sec/cm?) of legs
and livers at different time points after exemplary compounds of the application are administered to
each group of mice;

Fig. 2 is a schematic diagram of an IgG antibody in each group of the mice after the first
immunization for 14 days (ns: p>0.05; and ****: p<0.0001); and

Fig. 3 is a schematic diagram of the IgG antibody in each group of the mice after the second
immunization for 14 days (ns: p>0.05; and ***: p<0.001).

Fig. 4 is a schematic diagram of the secretion of T lymphocytes in the mice after vaccination
with the vaccine formulations in each group (ns: p>0.05; *: p<0.1; **: p<0.01; ***: p<0.001).
Definition:

When a numerical range is listed, it is set to include each value and a sub-range within the
range. For example, "C1.6" includes C1, Cz, Cs, C4, C5, Cs, C1.6, C1.5, C1.4, C1.3, C1.2, Cz.s, C2.5, C2.4,
Cz3, Css, Css, Ca.4, Cas, Cas, and Css carbon atoms.

"X-Y-membered" represents X-Y cyclic atoms contained. For example, "4-7-membered”
represent 4-7 cyclic atoms, such as 4 cyclic atoms, 5 cyclic atoms, 6 cyclic atoms, or 7 cyclic atoms,
the cyclic atom may be a carbon atom or a heterocyclic atom, such as nitrogen, oxygen, sulfur,
boron, phosphorus, and silicon.

The term "alkyl" refers to a linear-chain or branched-chain saturated hydrocarbyl that includes
one or more carbon atoms (suchas 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20
or more carbon atoms). Specifically, "C+.12 alkyl" refers to a linear-chain or branched-chain saturated
hydrocarbyl that includes 1-12 carbon atoms. "C..1s alkyl" refers to an optionally substituted
linear-chain or branched-chain saturated hydrocarbyl that includes 2-18 carbon atoms. Unless
otherwise specified, the alkyl referred in this article refers to unsubstituted and substituted alkyls.

The term "alkenyl" or "chain alkenyl" refers to a linear-chain or branched-chain hydrocarbyl that
contains two or more carbon atoms and at least one carbon-carbon double bond (for example, 2, 3,
4,5 '6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more carbon atoms). The alkenyl may
include one, two, three, four, or more carbon-carbon double bonds. Specifically, "Cs.12 alkenyl"
refers to a linear-chain or branched-chain hydrocarbyl that includes 3-12 carbon atoms and at least
one carbon-carbon double bond. "Ca41s alkenyl" refers to a linear-chain or branched-chain
hydrocarbyl that includes 4-18 carbon atoms and at least one carbon-carbon double bond. Unless
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otherwise specified, the alkenyl referred in this article refers to unsubstituted and substituted
alkenyls.

The term "halogenated" or "halogen" refers to fluorine (F), chlorine (CI), bromine (Br), and
iodine (I).

The term "halogenated alkyl" means that the above "alkyl" is substituted by one or more
halogen groups. The exemplary halogenated alkyl includes but not limited to: -CF3, -CHF, -CHF>,
-CHFCH2F, -CH>CHF;, -CF>CF3, -CCls, -CH2CI, -CHCl, 2,2,2-trifluoro-1,1-dimethyl-ethyl, and the
like.

The term "cycloalkyl" refers to a non-aromatic cyclic hydrocarbon group that is composed of
cyclic carbon atoms and does not contain cyclic heteroatoms. The exemplary cycloalkyl includes
but not limited to: cyclopropyl (C3), cyclopropanyl (C3), cyclobutyl (C4), cyclobutenyl (C4),
cyclopentyl (C5), cyclopentenyl (C5), cyclohexyl (C6), cyclohexenyl (C6), cyclohexadienyl (C6),
cycloheptyl (C7), cycloheptenyl (C7), cycloheptadienyl (C7), cycloheptrienyl (C7), and the like. The
cycloalkyl group may be optionally substituted by one or more substituents, for example, it is
substituted by 1 to 5 substituents, 1 to 3 substituents, or 1 substituent.

The term "heterocyclic group" refers to a non-aromatic cyclic group with heterocyclic atoms,
herein each heteroatom is independently selected from nitrogen, oxygen, sulfur, boron, phosphorus,
and silicon. In the heterocyclic group containing one or more nitrogen atoms, as long as the valence
allows, the linkage point may be a carbon or nitrogen atom. The exemplary 3-membered
heterocyclic group containing one heteroatom includes but not limited to: nitrogen heterocyclic
propyl, oxygen heterocyclic propyl, and sulfur heterocyclic propyl (thiorenyl). The exemplary
4-membered heterocyclic group containing one heteroatom includes but not limited to: nitrogen
heterocyclic butyl, oxygen heterocyclic butyl, and sulfur heterocyclic butyl. The exemplary
5-membered heterocyclic group containing one heteroatom includes but not limited to:
tetrahydrofuran group, dihydrofuran group, tetrahydrothiophene group, dihydrothiophene group,
pyrrolidyl group, dihydropyrrole group, and pyrrole-2,5-dione. The exemplary 5-membered
heterocyclic group containing two heteroatoms includes but not limited to: dioxacyclopentyl,
oxasulfuranyl, disulfuranyl, and oxazolidine-2-one. The exemplary 5-membered heterocyclic group
containing three heteroatoms includes but not limited to: triazolinyl, oxadiazolinyl, and thiadiazolinyl.
The exemplary 6-membered heterocyclic group containing one heteroatom includes but not limited
to: piperidyl, tetrahydropyran group, dihydropyridine group, and thiacyclohexyl (thianyl). The
exemplary 6-membered heterocyclic group containing two heteroatoms includes but not limited to:
piperazine group, morpholine group, dithiacyclohexyl, and dioxanyl. The exemplary 6-membered
heterocyclic group containing three heteroatoms includes but not limited to: hexahydrotriazinyl
(triazinanyl). The exemplary 7-membered heterocyclic group containing one heteroatom includes
but not limited to: azacycloheptyl, oxacycloheptyl, and thiacycloheptyl.

The term "aryl" refers to a mono-cyclic or multi-cyclic (for example, bicyclic) 4n+2 aromatic
cyclic system (for example, with 6 or 10 1 electrons shared in cyclic arrangement) group composed
of cyclic carbon atoms and free of cyclic heteroatoms. In some implementation schemes, the aryl
has six cyclic carbon atoms ("Cs aryl"; for example, phenyl). In some implementation schemes, the
aryl has ten cyclic carbon atoms ("Cio aryl"; for example, naphthyl, such as 1-naphthyl and
2-naphthyl).

The term "heteroaryl" refers to a mono-cyclic or multi-cyclic 4n+2 aromatic cyclic system (for
example, with 6 or 10 1 electrons shared in cyclic arrangement) group with heteroatoms, herein
each heteroatom is independently selected from nitrogen, oxygen, and sulfur. In the heteroaryl
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containing one or more nitrogen atoms, as long as the valence allows, the linkage point may be a
carbon or nitrogen atom. The heteroaryl bicyclic system may include one or more heteroatoms in
one or two cycles. The heteroaryl also includes a cyclic system in which the above heteroaryl cycle
is fused with one or more cycloalkyls or heterocyclic groups, and the linkage point is on the
heteroaryl cycle. In this case, the number of carbon atoms continues to represent the number of
carbon atoms in the heteroaryl cyclic system. The exemplary 5-membered heteroaryl containing
one heteroatom includes but not limited to: pyrrolyl, furanyl, and thienyl. The exemplary
5-membered heteroaryl containing two heteroatoms includes but not limited to: imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, and isothiazolyl. The exemplary 5-membered heteroaryl containing
three heteroatoms includes but not limited to: triazolyl, oxadiazolyl (for example, 1,2,4-oxadiazolyl),
and thiadiazolyl. The exemplary 5-membered heteroaryl containing four heteroatoms includes but
not limited to: tetrazolyl. The exemplary 6-membered heteroaryl containing one heteroatom
includes but not limited to: pyridyl. The exemplary 6-membered heteroaryl containing two
heteroatoms includes but not limited to: pyridazinyl, pyrimidyl, and pyrazinyl. The exemplary
6-membered heteroaryl containing three or four heteroatoms includes but not limited to: triazinyl
and tetraazinyl. The exemplary 7-membered heteroaryl containing one heteroatom includes but not
limited to: azacycloheptatrienyl, oxacycloheptaenyl, and thiacycloheptatrienyl. The exemplary
5,6-bicyclic heteroaryl includes but not limited to: indolyl, isoindolyl, indazolyl, benzotriazolyl,
benzothiophenyl, isobenzothiophenyl, benzofuryl, benzoisofuranyl, benzimidazolyl, benzoxazolyl,
benzoisoxazolyl, benzoxadiazolyl, benzothiazolyl, benzoisothiazolyl, benzothiadiazolyl, indanyl, and
purinyl. The exemplary 6,6-dicyclic heteroaryl includes but not limited to: nalididyl, petrinyl, quinolyl,
isoquinolyl, azolinyl, quinoxalinyl, phthalazinyl, and quinazolinyl.

The term "isomer" refers to a compound with the same molecular formula, including an
enantiomer, a diastereomer, a stereocisomer, and the like. The application particularly prefers the
stereoisomer, and the term "stereocisomer" refers to an isomer with only different atomic spatial
arrangements.

In some cases, the compound of the application may form salts, and these salts are also within
the scope of the application. The term "salt (one or more)" refers to acidic and/or basic salts formed
with inorganic and/or organic acids and bases. The application particularly prefers pharmaceutically
acceptable salts.

The term "pharmaceutically acceptable salts" refers to carboxylate and amino acid addition
salts of the compound of the application, which are suitable for contact with patient tissues within
reliable medical judgment and do not produce inappropriate toxicity, irritant effects, allergic
reactions, and the like, and are effective for their intended applications, including (if possible) the
zwitterionic form of the compound of the application, commensurate with a reasonable benefit/risk
ratio.

Pharmaceutically acceptable alkali addition salts are formed with metals or amines, such as
alkali metals and alkaline earth metal hydroxides or organic amines. Examples of metals used as
cations include sodium, potassium, magnesium, calcium, and the like. Examples of suitable amines
include N,N'-dibenzyl ethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
N-methylglucosamine, and procaine.

Alkali addition salts of acidic compounds may be prepared by contacting the free acid form with
a sufficient amount of alkalis required in a conventional manner to generate the salts. By contacting
the salt form with acids in the conventional manner and then separating the free acid, the free acid
may be regenerated. The free acid forms differ to some extent from their respective salt forms in
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certain physical properties, such as solubility in polar solvents, but for the purpose of the application,
the salts are still equivalent to their respective free acids.

The salt may be sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate,
monohydrogen phosphate, dihydrogen phosphate, metaphosphate, pyrophosphate, chloride,
bromide, and iodide prepared from inorganic acids, such as hydrochloric acid, nitric acid, sulfuric
acid, hydrobromic acid, hydroiodic acid, and phosphoric acid. The representative salts include:
hydrobromate, hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate, oleate, palmitate,
stearate, laurate, borate, benzoate, lactate, phosphate, toluenesulfonate, citrate, maleate, fumarate,
succinate, tartrate, naphthalate, methanesulfonate, gluceptate, lactonate, laurylsulfonate, and
isethionate, and the like. The salt may also be prepared from organic acids, such as aliphatic mono
and dicarboxylic acid, phenyl-substituted alkanoic acid, hydroxyalkanoic acid, alkanedioic acid,
aromatic acid, and aliphatic and aromatic sulfonic acid. The representative salts include acetate,
propionate, octanoate, isobutyrate, oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, mandelate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, naphthalate,
benzenesulfonate, tosylate, phenylacetate, citrate, lactate, maleate, tartrate, methanesulfonate, and
the like. The pharmaceutically acceptable salts may include cations based on alkali metals and
alkaline earth metals, such as sodium, lithium, potassium, calcium, and magnesium, as well as
non-toxic ammonium, quaternary ammonium, and amine cations, including but not limited to
ammonium, tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethylamine, and the like. It also covers salts of amino acids, such as
arginine salt, gluconate salt, and galacturonic acid salt. (for example, Berge S. M. et al.,
"Pharmaceutical Salts,” J. Pharm. Sci., 1977; 66: 1-19, introduced as a reference).

The term "acceptable carrier" refers to a suitable carrier that may be used to utilize existing
substances for the purpose of the application, without excessive toxicity, irritation, allergic reactions
and the like, equivalent to having a reasonable benefit/risk ratio.

The following abbreviations may be used in embodiments and entire description:

AOP: 7-azobenzotriazole-1-yl-oxy-tris(dimethylamino)phosphine hexafluorophosphate,

BOP: Benzotriazole-1-yl-oxy-tris(dimethylamino)phosphine hexafluorophosphate,

BOP-CI: Bis(2-oxo-3-oxazolidinyl)hypophosphoryl chloride,

BDMP: 1-N-methylpyrroliolinium-3-oxy-benzotriazole hexachloroantimony salt,

BMMP: 1-N-ethylpyrrolidonium-3-oxy-benzotriazole hexachloroantimony salt,

BOMII: 1-tert-butoxycarbonyl-5-methoxy-indole-2-yl-boronic acid,

CDI: 1,1'-carbonyldiimidazole,

CDMT: 2-chloro-4,6-dimethoxy-1,3,5-triazine,

DCC: Dicyclohexylcarbodiimide,

DCMT: 4,5-dichloro-2- (methylthio)pyrimidine,

DECP: Diethyl cyanophosphonate,

DIC: N,N'-diisopropylcarbodiimide,

DPPA: Diphenylphosphoryl azide,

DPP-CI: Diphenylphosphoryl chloride,

EDC: 1-ethyl-(3-dimethylaminopropyl)carbodiimide,

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride,

EEDQ: 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline,

EMPA: Ethylmethylphosphinic anhydride,

HATU: O-(7-azobenzotriazole-1-yl)-di(dimethylamino) carbonium hexafluorophosphate,

12



WO 2025/092756 PCT/CN2024/128274

HBTU: O-(benzotriazole-1-yl)-di(dimethylamino)carbonium hexafluorophosphate,

HCTU: O-(5-chlorobenzotriazole-1-yl)-di(dimethylamino)carbonium hexafluorophosphate,

HAPyU: O-(7-azobenzotriazole-1-yl)-di(tetrahydropyrrolyl)carbonium hexafluorophosphate,

HBPyU: O-(benzotriazole-1-yl)-di(tetrahydropyrrolyl)carbonium hexafluorophosphate,

MPTA: Thiodimethylphosphoryl azide,

PyAOP: 7-azobenzotriazole-1-yl-oxy-tris(tetrahydropyrrolyl) phosphonium
hexafluorophosphate,

PyBOP: Benzotriazole-1-yl-oxy-tris(tetrahydropyrrolyl) phosphonium hexafluorophosphate,

T3P: n-propyl phosphonic anhydride,

TBTU: O-(benzotriazole-1-yl)-di(dimethylamino)carbonium tetrafluoroborate,

TNTU: O-(N-endo-5-norcamphene-2,3-dicarbodiimide)-di(dimethylamino)carbonium
tetrafluoroborate,

TSTU: O-(N-succinimide)-di(dimethylamino)carbonium tetrafluoroborate,

DMAP: 4-dimethylaminopyridine,

HOALt: 1-hydroxy-7-azobenzotriazole,

HOBt: 1-hydroxybenzotriazole,

HOSu: N-hydroxysuccinimide,

4-PPY: 4-pyrrolidylpyridine,

9-AJ: 9-azajulolidine,

TMAJ: 1,1,7,7-tetramethyl-9-azajulolidine,

NHPI: N-hydroxyphthalimide.
Specific Implementation Scheme

Scheme 1. A compound in Formula (1), or a salt or isomer thereof:

R4
Ry—M"
R1—N\
Ry—M YR*
YR* (1)
herein,

R1 is -Ci.6 alkylene-X,

herein X is selected from amino, hydroxyl, acetylenyl, cyano, -C(O)(CH2)1.sNRaRs,
-C(O)O(CH2)1.sNRaRp, -OC(O)(CH2)1.3sNRaRb, -C(O)NH(CH2)1-3sNRaRb, -NHC(O)(CH2)1.sNRaR,
-NHC(O)CH(NRaRb)(CH2)1.s3NRaRsb, Cs7 cycloalkyl, 4-7-membered heterocyclic group, Ce.10 aryl or
5-10-membered heteroaryl, and H atoms on the Cs.7 cycloalkyl, the 4-7-membered heterocyclic
group, the Ce.10 aryl, and the 5-10-membered heteroaryl groups are optionally substituted by the
foIIowing groups: -(CH2)1.3OH, -(CH2)1.3NRaRb or -(CH2)1.3C(O)NRaRb;

or Xis:
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Rz is Cs.20 alkylene, herein one or more methylenes in R are each independently substituted by
the following groups: -CH=CH-, -C=C -, or -O-;

Rz is Cs.20 alkylene, herein one or more methylenes in Rs are each independently substituted by
the following groups: -CH=CH-, -C=C-, or -O-;

M is independently selected from -CH,-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-,
-C(0)0O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(0O)-, -C(S)-0O-, -O-C(S)-, -C(S)-S-, -S-C(S)-,
-S-S-, -C(S)NH-, -NHC(S)- or -O-P(O)(OH)-O-;

R
S YR* YR
R
Rais R, YR* , or YR*

herein R is selected from H, R* or -(CH2)1.s-YR*;

Y is selected from -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(Q)0O-, -OC(O)-, -C(O)NH-, -NHC(O)-,
-C(0)-S-, -S-C(0O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-, -NHC(S)-, or
-O-P(O)(OH)-O-;

R* is independently selected from Ci.12 alkyl, C2.12 alkenyl, or Cz.12 alkyne; and

Ra and Ry are independently selected from H, C16 alkyl or C1.s halogenated alkyl.

Scheme 2. The compound in Formula (I) or the salt or isomer thereof according to Scheme 1,
herein,

R1 is -Ci.6 alkylene-X,

herein X is selected from amino, hydroxyl, acetylenyl or cyano;

Rz is Cs.20 alkylene;

Rs is a Cs.20 alkylene;

M is independently selected from -CH,-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-,
-C(0)0O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(0O)-, -C(S)-0O-, -O-C(S)-, -C(S)-S-, -S-C(S)-,
-S-S-, -C(S)NH-, or -NHC(S)-;

R
E YR* YR
R
Rs is R | YR* or YR*:

herein R is selected from H, R* or -(CH2)1.s-YR*;

Y is selected from -NH-, -C(O)-, -C(S)-, -O-, or -S-; and

R* is independently selected from Ci.12 alkyl, C2.12 alkenyl, or Cz.12 alkynyl.

Scheme 3. The compound or the salt or isomer thereof according to any one of Schemes 1-2,
herein Ry is -C+. alkylene-OH, preferably -C..s alkylene-OH, preferably -C,.4 alkylene-OH, and
preferably -C. alkylene-OH.

Scheme 4. The compound or the salt or isomer thereof according to any one of Schemes 1-3,
herein R is Cs.20 alkylene, preferably Cs.11 alkylene, preferably Cs.11 alkylene, and preferably Cr.14
alkylene.

Scheme 5. The compound or the salt or isomer thereof according to any one of Schemes 1-4,
herein Rz is Csao alkylene, preferably Cr0 alkylene, preferably Cz.41 alkylene, preferably Cs.1
alkylene, preferably Cr.¢ alkylene, and preferably C; alkylene.

Scheme 6. The compound or the salt or isomer thereof according to any one of Schemes 1-5,
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herein each M is independently -C(O)O-, -OC(O)-, -C(O)NH- or -NHC(O)-, preferably -C(O)O- or
-OC(O)-, and preferably -C(O)O-.

Scheme 7. The compound or the salt or isomer thereof according to any one of Schemes 1-6,
herein each Y is independently selected from -O-.

Scheme 8. The compound or the salt or isomer thereof according to any one of Schemes 1-7,
herein each R* is independently selected from C4.11 alkyl, herein one or more methylenes are each
independently substituted by the following groups: -CH=CH-, and -C=C-, preferably Ci.s alkyl,
preferably Cz.s alkyl, preferably Ci.s alkyl, preferably C..s alkyl, and preferably Cs alkyl.

Scheme 9. The compound or the salt or isomer thereof according to Scheme 1, herein the
compound has a Formula (I):

/Rz—M OR*
R1—N\ OR*
OR* (1
herein,

R1 is -Cas alkylene-X;

M is selected from -CHy-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-,
-NHC(S)-, or -O-P(O)(OH)-0O-;

Rz is Cs.20 alkylene;

Rs is C7.20 alkylene;

R* is independently selected from Ci.11 alkyl, herein one or more methylenes in R* are each
independently substituted by the following groups: -CH=CH-, and -C=C-, preferably Ci.s alkyl,
preferably Cz.s alkyl, preferably Ci.s alkyl, preferably C..s alkyl, and preferably Cs alkyl.

Scheme 10. The compound in Formula (ll) or the salt or isomer thereof according to Scheme 9,
herein,

Ry is -Ca alkylene-OH;

M is selected from -C(O)O-, -OC(O)-, -C(O)NH-, or -NHC(O)-;

Rz is Cs.11 alkylene;

Rs is C7.11 alkylene; and

R* is independently selected from C1.¢ alkyl.

Scheme 11. The compound in Formula (I1) or the salt or isomer thereof according to Scheme 9,
herein,

Ry is -Cz.4 alkylene-OH;

M is selected from -C(O)O-, -OC(O)-, -C(O)NH-, or -NHC(O)-;

Rz is C7.11 alkylene;

Rz is Cr.9 alkylene; and

R* is independently selected from C1.¢ alkyl.

Scheme 12. The compound in Formula (ll) or the salt or isomer thereof according to Scheme 9,
herein,

Ry is -C; alkylene-OH;

M is -C(O)O- or -OC(O)-;
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Rz is C7.11 alkylene;

Rz is Cr.9 alkylene; and

R* is independently selected from C1.¢ alkyl.

Scheme 13. The compound in Formula (ll) or the salt or isomer thereof according to Scheme 9,
herein,

Ry is -C; alkylene-OH;

M is -C(O)O- or -OC(O)-;

Rz is C7.11 alkylene;

Rz is C7 alkylene; and

R* is independently selected from Cg alkyl.

Scheme 14. The compound or the salt or isomer thereof according to Scheme 1, herein the
compound has a Formula (I1I):

0O
R, 0 OR*
HO'—(CHg)p\N OR*
R3—\-\—O OR*
O OR* ()
herein,
pis 2;

Rz is C7.11 alkylene;

Rz is Cr.9 alkylene; and

R* is independently selected from C1.¢ alkyl.

Scheme 15. The compound in Formula (Ill) or the salt or isomer thereof according to Scheme
14, herein,

pis 2;

Rz is C7.11 alkylene;

Rz is C7 alkylene; and

R* is independently selected from Cg alkyl.

Scheme 16. The compound or the salt or isomer thereof according to Scheme 1, herein the

compound has a Formula (IV):

OR*
RZ_M
HO—(CHy)y—N OR*
R3—\-\——O OR*
(@) OR* (IV)

herein,
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p is 2-4;

M is selected from -CHy-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-,
-NHC(S)-, or -O-P(O)(OH)-0O-;

Rz is Cs.20 alkylene;

Rs is a C7.20 alkylene; and

R* is independently selected from Ci.41 alkyl, herein one or more methylenes are each
independently substituted by the following groups: -CH=CH- or -C=C-, preferably Cis alkyl,
preferably Cz.s alkyl, preferably Ci.s alkyl, preferably C..s alkyl, and preferably Cs alkyl.

Scheme 17. The compound in Formula (IV) or the salt or isomer thereof according to Scheme
16, herein,

p is 2-4;

M is selected from -C(O)O-, -OC(O)-, -C(O)NH-, or -NHC(O)-;

Rz and R; are independently selected from Cs.11 alkylene; and

R* is independently selected from C1.¢ alkyl.

Scheme 18. The compound in Formula (1V) or the salt or isomer thereof according to Scheme
16, herein,

p is 2-4;

M is -C(O)O- or -OC(O)-;

Rz is C7.11 alkylene;

Rz is Cr.9 alkylene; and

R* is independently selected from C1.¢ alkyl.

Scheme 19. A compound or a salt or isomer thereof, herein the compound is selected from any
one of A1-A17:
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Scheme 20. A composition, wherein it includes the compound according to any one of
Schemes 1-19.

Scheme 21. The composition according to Scheme 20, wherein it further includes a
phospholipid.

Scheme 22. The composition according to Scheme 21, wherein the phospholipid is selected
from at least one of 1,2-dilinoleoyl-sn-glycerol-3-phosphocholine (DLPC),
1,2-dimyristoyl-sn-glycerol-phosphocholine  (DMPC), 1,2-dioleoyl-sn-glycerol-3-phosphocholine
(DOPC), 1,2-dipalmitoyl-sn-glycerol-3-phosphocholine (DPPQC),
1,2-distearoyl-sn-glycerol-3-phosphocholine (DSPC), 1,2-diundecanoyl-sn-glycerol-phosphocholine
(DUPC), 1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphocholine (POPC),
1,2-di-O-octadecenyl-sn-glycerol -3-phosphocholine (18:0 Diether PC), 1-oleoyl-2-cholesterol
semisuccinyl-sn-glycerol -3-phosphocholine (OChemsPC),
1-hexadecyl-sn-glycerol-3-phosphocholine (C16 Lyso PC),
1,2-dilinolenyl-sn-glycerol-3-phosphocholine, 1,2-diarachidonoyl-sn-glycerol-3-phosphocholine,
1,2-didocosahexaenoyl-sn-glycerol-3-phosphocholine, 1,2-dioleoyl-sn-glycerol-3-phosphate
ethanolamine (DOPE), 1,2-diphytanyl-sn-glycerol-3-phosphate ethanolamine (ME 16.0 PE),
1,2-distearoyl-sn-glycerol-3-phosphate  ethanolamine, 1,2-dilinoleoyl-sn-glycerol-3-phosphate

ethanolamine, 1,2-dilinolenyl-sn-glycerol-3-phosphate ethanolamine,
1,2-diarachidonoyl-sn-glycerol-3-phosphate ethanolamine,
1,2-didocosahexaenoyl-sn-glycerol-3-phosphate ethanolamine,

1,2-dioleoyl-sn-glycerol-3-phosphate-rac-(1-glycerol) sodium salt (DOPG), dipalmitoyl phosphatidyl
glycerol (DPPG), palmitoyl oleoyl phosphatidyl ethanolamine (POPE),
distearoyl-phosphatidyl-ethanolamine (DSPE), dipalmitoyl phosphatidyl ethanolamine (DPPE),
dimyristoylphosphoethanol amine (DMPE), 1-stearoyl-2-oleoyl-phosphatidyl ethanolamine (SOPE),
1-stearoyl-2-oleoyl-phosphatidyl  choline (SOPC), sphingomyelin, phosphatidyl choline,
phosphatidyl ethanolamine, phosphatidyl serine, phosphatidyl inositol, phosphatidic acid, palmitoyl
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oleoyl phosphatidyl choline, lysophosphatidyl choline, and lysophosphatidyl ethanolamine (LPE).

Scheme 23. The composition according to any one of Schemes 20-22, wherein it further
includes a pegylated lipid compound.

Scheme 24. The composition according to Scheme 23, wherein the pegylated lipid compound
is selected from at least one of a PEG modified phosphatidyl ethanolamine, a PEG modified
phosphatidic acid, a PEG modified ceramide, a PEG modified dialkylamine, a PEG modified
diacylglycerol, and a PEG modified dialkyglycerol.

Scheme 25. The composition according to any one of Schemes 20-24, wherein it further
includes a structural lipid.

Scheme 26. The composition according to Scheme 25, wherein the structural lipid is selected
from at least one of cholesterol, coprosterol, sitosterol, ergosterol, campesterol, stigmasterol,
brassicasterol, tomatidine, ursolic acid, and a-tocopherol.

Scheme 27. The composition according to any one of Schemes 20-26, wherein calculated by
molar unit, the composition contains 20%-80% of the compound according to any one of Schemes
1-19, 1% -10% of the pegylated lipid compound, 10% -50% of the structural lipid, and 5-30% of the
phospholipid.

Scheme 28. The composition according to Scheme 27, wherein the composition further
includes an active ingredient, and the active ingredient is selected from at least one of DNA, RNA,
protein, and drug active molecules.

Scheme 29. The composition according to Scheme 28, wherein the RNA is selected from at
least one of MRNA, siRNA, aiRNA, miRNA, dsRNA, aRNA, and IncRNA.

Scheme 30. The composition according to Scheme 28, the protein is selected from at least one
of an antibody, an enzyme, a recombinant protein, a polypeptide, and an oligopeptide.

Scheme 31. A lipid nanoparticle, it contains the composition according to any one of Schemes
20-30.

Scheme 32. A method for preparing the lipid nanoparticle according to Scheme 31, it includes
Step (1): the compound according to Schemes 1-19 is optionally dissolved and mixed with the
pegylated lipid compound, the structural lipid, and the phospholipid.

Scheme 33. The method according to Scheme 32, wherein it also includes Step (2): the lipid
nanoparticle is formed by mixing with the active ingredient through a mixer.

Scheme 34. A use of the compound according to any one of Schemes 1-19 in preparation of
the lipid nanoparticle.

Scheme 35. The use according to Scheme 34, wherein the lipid nanoparticle is neutral and
uncharged in a neutral medium, and positively charged after protonation in an acidic medium.

Scheme 36. A pharmaceutical composition, it includes the lipid nanoparticle according to
Scheme 31 and a pharmaceutically acceptable carrier.

Scheme 37. A use of the lipid nanoparticle according to Scheme 31 or the pharmaceutical
composition according to Scheme 36 in preparation of a drug.

Scheme 38. The use according to Scheme 37, wherein the drug contains an active ingredient,
and the active ingredient is selected from at least one of DNA, RNA, protein, or drug active
molecules.

Scheme 39. The use according to Scheme 38, wherein the RNA is selected from at least one of
MRNA, siRNA, aiRNA, miRNA, dsRNA, aRNA, and IncRNA.

Scheme 40. The use according to Scheme 38, wherein the protein is selected from at least one
of an antibody, an enzyme, a recombinant protein, a polypeptide, and an oligopeptide.
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Scheme 41. The use according to any one of Schemes 37-40, wherein the drug is used for a
person by intravenous injection, intramuscular injection, subcutaneous injection, microneedle patch,
oral administration, oral and nasal spray, and daubing.

Detailed Description of the Embodiments

In order to make purposes, technical schemes, and advantages of the application clearer, the
application is further described in detail below by embodiments and in combination with drawings.
The following embodiments are only intended to describe the application and should not be
considered as limiting the scope of the application. If specific conditions are not specified in the
embodiments, it is implemented according to conventional conditions or conditions recommended
by manufacturers. Reagents or instruments used without specifying the manufacturers are
conventional products that may be obtained by market purchase.

Embodiment 1-Synthesis of A1

Synthesis route:

OH
@»oWOH FONSNABr

N J

NaOH
TBABT hexane

H2 O/\/\/\

VN NN
@»O\/O\/O\/\/\/ Pd(OH)Z/CHO\/\/O\/\/\/ DCC/DMAgr/\/\/\/\[rO\/O\/O\/\/\/
o | DCMRT o
Br\/\/\/\)LOH KlI/Na,CO4
HO~\H, | EtOH
RT
O
Br/\/\/\/\n’o o HO\/\N/\/\/\/\rrO\/\/O\/\/\/
O S~~~ H o)
- /
Tﬂ/NazCOS
EtOH
reflux O

/\/\/\O/TO\H/\/\/\/\N/\/W\H/O\)\/O\N\/
A~~~y © \ O
OH

Synthesis step:

1. Synthesis of ((2,3-bis(hexoxy)propoxy)methyl)benzene

50 mL of n-hexane, 1-benzyloxy-2,3-propanediol (10.0 g), and tetrabutylammonium bromide
(0.88 g) were added, and stirred for 10 min, then sodium hydroxide solution (18 mol/L) and
bromohexane (36.2 g) were added, heated and stirred for a reaction. After the reaction was
completed, it was cooled to a room temperature, and stilly placed for layering, an organic layer was
collected and washed for extraction, and the organic layer was separated and purified through a
column (n-heptane: ethyl acetate=5%), to obtain ((2,3-bis(hexoxy)propoxy)methyl)benzene.

2. Synthesis of 2,3-bis(hexoxy)-1-propanol

((2,3-bis(hexoxy)propoxy)methyl)benzene (15.0 g), ethyl acetate (50 mL), glacial acetic acid
(3.75 mL), and carbon attached palladium hydroxide (20%, and 1.0 g) were added, and stirred at
the room temperature for a hydrogenation reaction. After the reaction was completed, it was filtered,
a filtrate was collected, and the filtrate was washed and extracted for liquid separation. An organic
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phase was collected. It was concentrated under a reduced pressure until dryness, to obtain
compound 2,3-bis(hexoxy)-1-propanol.

3. Synthesis of 2,3-bis(hexoxy)propyl-8-bromooctanoic acid ester

8-bromooctanoic acid (10.3 g) was dissolved in dichloromethane (100 mL), DCC (10.3 g),
DMAP (6.1 @), and 2,3-bis(hexoxy)-1-propanol (10 g) were added, and stirred at the room
temperature for a reaction. After the reaction was completed, it was concentrated to remove the
dichloromethane solvent, and extracted for liquid separation. An organic phase was dried, and
concentrated until dryness. A crude product was separated and purified through a column
(petroleum ether (PE): ethyl acetate (EA)=20:1), to obtain 2,3-bis(hexoxy)propyl-8-bromooctanoic
acid ester.

4. Synthesis of 2,3-bis(hexoxy)propyl-8-((2-hydroxyethyl)amino)octanoate

2,3-bis(hexoxy)propyl-8-bromooctanoic acid ester (5.0 g) was dissolved in anhydrous ethanol
(50 mL), sodium carbonate (2.2 g), potassium iodide (KI) (0.17 g), and ethanolamine (20 g) were
added, and stirred at the room temperature for a reaction. After the reaction was completed, it was
concentrated to remove the solvent, it was washed and extracted for liquid separation. An organic
phase was dried, and it was filtered and concentrated until dryness. A crude product was separated
and purified through a column (MeOH: DCM=3%), to obtain 2,3-bis(hexoxy)propyl-8-
(2-hydroxyethyl)amino)octanoate.

5. Synthesis of A1

1,3-bis(hexoxy)-2-propanol-8-bromooctanoic acid ester (2.08 a) and
2,3-dis(hexoxy)propyl-8-((2-hydroxyethyl)amino)octanoate (2.0 g) were dissolved in anhydrous
ethanol (20 mL), and sodium carbonate (0.95 g) and Kl (0.15 g) were added for a reflux reaction.
After the reaction was completed, it was concentrated to remove the solvent, washed and extracted
for liquid separation. An organic phase was dried, and it was filtered and concentrated until dryness.
A crude product was separated and purified through a column (MeOH: DCM=3%), to obtain an oily
product A1 (2.1 g). '"H NMR (500MHz, CDCls) &(ppm)= 5.05 (p, J = 5.1 Hz, 1H), 4.15 (dd, J = 11.6,
4.1Hz, 1H), 4.03 (dd, J = 11.6, 5.8Hz, 1H), 3.55 (dt,J = 10.4,5.4 Hz, 1H), 3.49 (m, 8H), 3.43 — 3.30
(m,8H), 2.53 (t, J = 5.1 Hz, 2H), 2.43-2.35 (m, 4H), 2.25 (, J = 7.5 Hz,4H), 1.60-1.52 (m,4H), 1.48
(m, 8H), 1.38 (m, 4H), 1.31- 1.15 (m, 36H), 0.82 (t, J = 6.8 Hz, 12H).MS(ESI): m/z (M+H)*
832.10,(M+Na)* 853.2.

Embodiment 2-Synthesis of A2

Synthesis route:

O/\/\/\ O PN
KI/Na,CO4 0
O O
reflux

A2 was prepared by referring to the method in Embodiment 1, and an oily product (4.01 g) was
obtained. "H NMR (500 MHz, CDCls) d(ppm)=4.15 (dd, J = 11.6, 4.1 Hz, 2H), 4.02 (dd, J = 11.6, 5.8
Hz, 2H), 3.54 (m, 2H), 3.48 (t, J= 6.6 Hz, 6H), 3.42-3.34 (m, 8H), 2.54 (t, J = 5.0 Hz, 2H), 2.44 —
2.36 (t, 4H), 2.25 (t, J = 7.5 Hz, 4H), 1.59-1.52 (m, 4H), 1.52-1.44 (m, 8H), 1.39 (dd, J = 14.0, 7.3
Hz, 4H), 1.32 -1.17 (m, 36H), 0.82 (t, J = 6.8 Hz, 12H). MS(ESI): m/z (M+H)* 831.92.

Embodiment 3-Synthesis of A3

Synthesis route:
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Br/\/\/\/\/\/\/\/\/\ KI/Na,CO4 AN
EtOH 020
PO 0 T 2 1 e NI e N N
O NN reflux i N\
HO\/\N/\/\/\/\er\/\/O\/\/\/ OH
H (@]

A3 was prepared by referring to the method in Embodiment 1, and an oily product (0.3 g) was
obtained. 1H NMR (500 MHz, CDCls) d(ppm)= 5.36-5.21 (m, 4H), 4.15 (dd, J = 11.6, 4.1 Hz, 1H),
4.03 (dd, J = 11.6, 5.8 Hz, 1H), 3.76-3.65 (m, 2H), 3.58 — 3.52 (m, 1H), 3.52 -3.31 (m,8H), 2.81 (s,
2H), 2.73 —=2.65 (m, 4H), 2.25 (t, J = 7.5 Hz, 2H), 1.98 (m, 4H), 1.61-1.44 (m, 10H), 1.33- 1.16 (m,
34H), 0.82 (t, J = 8.0Hz, 9H).MS(ESI): m/z (M+H)* 695.40.

Embodiment 4-Synthesis of A4

Synthesis route:

O
P Eve
KI/Na,CO @)
o} 2003
EtOH O\[]/\/\/\/\N/\/\/\/\IrO\/\,OM
/\/\/\ reflux 0] (0]

A4 was prepared by referring to the method in Embodiment 1, and an oily product (1.65 g) was
obtained. 1H NMR (500 MHz, CDCls) &(ppm)= 4.28-4.18 (dd, 1H), 4.14—4.00 (dd, 1H), 3.75 (m 1H),
3.62 (dd, J =11.3, 6.7 Hz, 1H), 3.58 — 3.49 (m, 4H), 3.49 — 3.40 (m, 4H), 2.61 (s, 2H), 2.52 — 2.44 (m,
4H), 2.28 (t, J = 14.3Hz,4H), 1.60-1.45 (m, 16H), 1.28 (m, 48H), 0.87 (t, J = 6.4 Hz, 16H).MS(ESI):
m/z (M+H)* 827.10.

Embodiment 5-Synthesis of A5

Synthesis route:

Br/\/\/\n,o\/\/\/\/\/\ K|/N32C03 % o O\/o\’/\o/\/\
reflux 0 \ 0
OH

A5 was prepared by referring to the method in Embodiment 1, and an oily product (2.15 g) was
obtained. '"H NMR (500 MHz, CDCl3)3(ppm)=4.22 (dd, J = 11.6, 4.1 Hz, 1H), 4.13 — 4.02 (m, 3H),
3.64 — 3.58 (m, 1H), 3.57 — 3.50 (m, 4H), 3.45 (dt, J = 13.3, 5.6 Hz, 4H), 2.58 (t, J = 5.2 Hz, 2H),
2.45 (dd, J = 14.5, 7.0 Hz, 4H), 2.30 (t, 4H), 1.68 — 1.51 (m, 10H), 1.45 (dt, J = 15.1, 7.6 Hz, 4H),
1.37 —1.20 (m, 36H), 0.88 (t, J = 6.2 Hz, 9H).MS(ESI): m/z (M+H)* 714.9,(M+Na)*736.8.

Embodiment 6-Synthesis of A6

Synthesis route:

) NW_NH2 KINayCO3 ~~g O~
EtOH \/\/\/O\)\/O\H/\/\/\/\N/\/\/\/ﬁro\/\/o\/\/\/
O reflux \
Br/\/\/\/\rro\/\/o\/\/\/
5 &

AB was prepared by referring to the method in Embodiment 1, and an oily product (1.3 g) was
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obtained. '"H NMR (500 MHz, CDCls) d(ppm)=4.21 (dd, J = 11.6, 4.0 Hz, 2H), 4.09 (dd, J = 11.5, 5.8
Hz, 2H), 3.73 — 3.66 (t, 4H), 3.61 (dd, J = 9.9, 5.1 Hz, 2H), 3.54 (t, J = 6.6 Hz, 4H), 3.50 — 3.39 (m,
8H), 2.60 (s, 2H), 2.46 (s, 10H), 2.31 (t, J = 7.5 Hz, 4H), 1.66 — 1.58 (m, 4H), 1.58 — 1.50 (m, 8H),
1.43 (s,4H), 1.28 (m, 36H), 0.88 (t, J = 6.7 Hz, 12H). MS(ESI): m/z (M+H)* 901.4.

Embodiment 7-Synthesis of A7

Synthesis route:

HOLA~NH, \KINa,COz ~ O
EtOH \/\/\/O\)\/O\H/\/\/\/\N’\/\/\/\H/O\/\/O\/\/\/
reflux

ht

Br/\/\/\/\[ro\/\/o\/\/\/ OH

A7 was prepared by referring to the method in Embodiment 1, and an oily product (1.05 g) was
obtained. "H NMR (500 MHz, CDCl;)3(ppm)= 4.22 (dd, J = 11.6, 4.1 Hz, 2H), 4.09 (dd, J= 11.6, 5.8
Hz, 2H), 3.78 (t, J = 5.0 Hz, 2H), 3.64 — 3.57 (m, 2H), 3.55 (t, J = 6.7 Hz, 4H), 3.46 (m, 8H),
2.67-2.61 (1, 2H), 2.46-2.37 (t, 4H), 2.31 (t, J= 7.5 Hz, 4H), 1.71 -1.58 (m, 6H), 1.52 (dq, J = 33.4,
6.8 Hz, 12H), 1.28 (m, 36H), 0.88 (t, J = 6.8 Hz, 12H). MS(ESI): m/z (M+H)* 846.0, (M+Na)*868.0.

Embodiment 8-Synthesis of A8

Synthesis route:

NN

0]

dec/dmap
DCM

/\/\/\O
\/\/\/O\)\/OT]/\/\/\B'. K|/N32003/\/\/\ ’\/\/\

reflux
O/\/\/\

H o)

A8 was prepared by referring to the method in Embodiment 1, and an oily product (1.19 g) was
obtained. "THNMR (500 MHz, CDCls) 3(ppm) = 4.22 (dd, J=11.5Hz,J,=2.1Hz, 2H), 4.09 (dd, J= 11.6
Hz, J>= 5.8 Hz, 2H), 3.64 — 3.58 (m, 2H), 3.55 (m, 6H), 3.49 — 3.41 (m, 8H), 2.60 (t, J = 5.0 Hz, 2H),
2.47 (dd, J = 14.3,6.8 Hz, 4H), 2.32 (dd, J = 13.4,7.2 Hz, 4H), 1.64 -1.46 (m,16H), 1.30 (m, 32H),
0.88 (t, J = 6.8 Hz, 12H). MS(ESI): m/z (M+H)* 803.11.

Embodiment 9-Synthesis of A9

Synthesis route:

/\/\/\O

e~ O OoH " Hog/\/\Br

dcc/dmap
DCM

/\/\/\O
\/\/\,O\)\,O\n/\/\Br K|/N32003 /\/\/\ O
reflux
O/\/\/\ \

HO\/\N/\/\/\/YO\)\/O\/\N OH
H 0]
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A9 was prepared by referring to the method in Embodiment 1, and an oily product (1.5 g) was
obtained. "THNMR (500MHz, CDCls) d(ppm) = 4.23(dt, J=9.2, 6.2Hz,2H), 4.13—4.05(m, 2H),3.65 —
3.58(m,2H), 3.57-3.50 (m,6H), 3.45(dt, J = 13.2, 5.5 Hz8H), 2.58 (t, J=5.0 Hz,2H), 2.46
(dt,J=26.2,7.2 Hz, 4H), 2.38 —2.28 (t, 4H), 1.77-1.47 (m, 14H), 1.30 (m , 30H), 0.88 (t, J = 6.6 Hz,
12H). MS(ESI): m/z (M+H)* 775.44.

Embodiment 10-Synthesis of A10

Synthesis route:

~ae~LO_L_OH + HOWBr
dcc/dmap
DCM
NN
\/\/\/O\/\,O\n/\/\/\/\/\Br KEli (’\;32003/\/\/\ O~
O/\/\/\ \
H @]

A10 was prepared by referring to the method in Embodiment 1, and an oily product (0.8 g) was
obtained. "H NMR (500 MHz, CDCls) 3(ppm) = 4.22 (dd, J = 11.6, 4.0 Hz, 2H), 4.09 (dd, J= 11.6, 5.8
Hz, 2H),3.64-3.57 (m, 4H), 3.57-3.50 (t, J= 6.6 Hz, 4H), 3.50-3.40 (m, 8H), 2.66 (s, 2H), 2.58-2.48
(m, 4H), 2.31 (t, J = 7.4 Hz, 4H),1.65-1.47 (m, 16H), 1.31 (m, 40H), 0.88 (t, J = 6.7 Hz, 12H).
MS(ESI): m/z (M+H)* 859.30.

Embodiment 11-Synthesis of A11

Synthesis route:

O~~~

L OH
B~~~ s A~AAN SO~ 1KIINayCO4 N
H EtOH /\/\/\O/\/\OJ’\/\/\/\,N\/\/\/\/\/\)LO’\/\O/\/\/\
TS reflux. — «~~LO O~~~

H O‘/\N AANAASNOAO A~~~
H O

A11 was prepared by referring to the method in Embodiment 1, and an oily product (0.9 g) was
obtained. '"H NMR (500 MHz, CDCls) 3(ppm) = 4.22 (dd, J = 11.6, 4.0 Hz, 2H), 4.09 (dd, J=11.6, 5.9
Hz, 2H), 3.64-3.58 (m, 2H), 3.57-3.50 (1, J = 6.6 Hz, 6H), 3.49-3.40 (m, 8H), 2.60(t, /= 4.8 Hz, 2H),
2.51-2.43 (1, 4H), 2.31 (t, J= 7.5 Hz, 4H), 1.57-1.45 (m, 16H), 1.31 (m, 44H), 0.88 (t, J =6.8 Hz,
12H). MS(ESI): m/z (M+H)* 887.62.

Embodiment 12-Synthesis of A12

HOw~~_NH, KI/Na,CO3 PPN O
EtOH

O O O O
iUk o~~~ O AL ‘n/W\/\NW\/\n’ \/\, NGNS

WV N

Br/\/\/\/\[ro\/\/o\/\/\/
0O

OH :

A12 was prepared by referring to the method in Embodiment 1, and an oily product (0.3 g) was
obtained. "H NMR (500 MHz, CDCls) 3(ppm) = 4.22 (dd, J = 11.6, 4.0 Hz, 2H), 4.09 (dd, J= 11.5, 5.8
Hz, 2H), 3.62 (m, 4H), 3.55 (t, J = 6.6 Hz, 4H), 3.50-3.40 (m, 8H), 2.41 (s, 6H), 2.31 (t, /= 7.5 Hz,

4H), 1.65-1.40 (m, 20H), 1.31 (m, 38H), 0.88 (t, J= 6.6 Hz, 12H).MS(ESI): m/z (M+H)* 873.30.
Embodiment 13-Synthesis of A13
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HO/\/\/NHZ KI/Na2C03/\/\/\ /\/\/\
EtOH
O OH

A13 was prepared by referring to the method in Embodiment 1, and an oily product (0.73 g)
was obtained. "HNMR (500MHz, CDCls) d(ppm) = 4.22 (dd, J=11.6, 4.1 Hz,2H), 4.09 (dd, J=11.6,
5.8 Hz, 2H), 3.62 (m, 2H), 3.55 (t, J = 6.7 Hz, 4H), 3.45 (dt, J = 13.3, 5.7 Hz, 8H), 3.38 (m, 4H), 2.53
(s, 4H), 2.31 (t, J = 7.5 Hz, 4H), 1.69 -1.50 (m, 20H), 1.37-1.23 (m, 36H), 0.88 (t, J= 6.8 Hz, 12H).
MS(ESI): m/z (M+H)* 859.33.

Embodiment 14-Synthesis of A14

HO/\/\/\/N H, KI/Na,CO3 .~ O~

U \/\/\/O\/\,OT(\/\/\/\N/\/\/\/\'TO\/\,O\/\/\/

O’\/\/\

Br/\/\/\/\rro\/\,o\/\/\/
O

OH

A14 was prepared by referring to the method in Embodiment 1, and an oily product (0.70 g)
was obtained. '"HNMR (500MHz, CDCls) d(ppm) = 4.22 (dd, J=11.6Hz, J>=4.1Hz, 2H), 4.09 (dd,
Ji=11.6Hz, J-=5.8Hz, 2H), 3.62 (m, 4H), 3.55 (t, J=6.7Hz, 4H), 3.51 — 3.39 (m, 8H), 2.46 (s,6H),
2.32 (t, J=7.5Hz, 4H), 1.58 (m,20H), 1.32 (m, 40H), 0.88 (t, J=6.7Hz, 12H). MS(ESI): m/z (M+H)*
887.57.

Embodiment 15-Synthesis of A15

HO/\/NHZ K|/N32CO3 OH
EtOH @) O
o [reflux /\/\/\O’\O/\OJ\/\’NNLO/\OK\O/\/\/\
Br/\/\[ro\/\,O\/\/\/ Y Y
@)

A15 was prepared by referring to the method in Embodiment 1, and an oily product (0.35 g)
was obtained. '"H NMR (500 MHz, CDCls) d(ppm) = 4.22 (dd, J = 11.6, 4.1 Hz, 2H), 4.10 (dd, J =
11.6, 5.8 Hz, 2H), 3.61 (m, 2H), 3.55 (m, 6H), 3.45 (dt, J= 13.3, 5.2 Hz,8H), 2.60 (1, J = 5.1Hz, 2H),
2.51 (1, J=7.2Hz, 4H), 2.34 (t, J= 7.2Hz, 4H), 1.78 (m, 4H), 1.59-1.50 (m, 8H), 1.38-1.22 (m, 24H),
0.88 (t, J=6.8Hz, 12H). MS(ESI): m/z (M+H)*718.70.

Embodiment 16-Synthesis of A16

Ho~NH, 1KINa;CO QH
EtOH/\/\/\ JK/\/\/\/\/\,N\/\/\/\/\/\/’\ /\/\ N~
O~~~ reflux O/\/\O O O

\/\/\, \/\/\/

B r/\/\/\/\/\/\[ro\/\,o\/\/\/
O

A16 was prepared by referring to the method in Embodiment 1, and an oily product (0.23 g)
was obtained. '"H NMR (500 MHz, CDCls) 8(ppm) = 4.22 (dd, J =11.6, 4.1 Hz, 2H), 4.09 (dd, J = 11.6,
5.9 Hz, 2H), 3.63-3.59 (m, 2H), 3.55 (t, J= 6.7 Hz, 4H), 3.49-3.41 (m, 8H), 2.73 (t, 2H), 2.61 (t, 4H),
231, J=7.5Hz, 4H), 1.65-1.59 (m, 4H), 1.59 —1.50 (m, 12H), 1.30 (dd, J = 21.2, 8.1 Hz, 52H),
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0.88 (t, J= 6.8 Hz, 12H). MS(ESI): m/z (M+H)* 943.15.
Embodiment 17-Synthesis of A17

OH
O~ TBAB BocNL,OH
0 L(?\/W ~HCl Boe L,ONV H
Bro~~~A0oH THLN O~ H NaOH
\ Y, B~~~
HBTU/DIEA
DCM
0 (O~ OH
H EtOH/\/\/\O/\/\OJK/\/\/\/N\/\/\/\)LN O~
NN reflux. ~~~~0 H
HO\/\H'\/\/\/\[(SO\/\/O\/\/\/

A17 was prepared by referring to the method in Embodiment 1, and an oily product (0.2 g) was
obtained. '"H NMR (500 MHz, CDCls) 8(ppm) = 5.80 (d, J = 8.2 Hz, 1H), 4.25 —4.15 (m, 2H), 4.13 -
4.06 (m, 1H), 3.68-3.58 (m, 3H), 3.57-3.49 (m, 4H), 3.45 (m, 10H), 2.72 (t, 2H), 2.60 (t, 4H), 2.31 (t,
J=75Hz 2H), 216 (t, J = 7.5 Hz, 2H), 1.58 (m, 16H), 1.30 (m, 36H), 0.88 (t, J = 6.3Hz, 12H).
MS(ESI): m/z (M+H)* 830.07.

Embodiment 18- Encapsulation rate

A lipid nanoparticle included (1) an ionizable lipid compound, the ionizable lipid compound
might be commercially purchased or self-made, such as MC3 (purchased from Avanti), A1-A17
were self-made; (2) a phospholipid (such as DOPE or DSPC, purchased from Avanti); (3) a
pegylated lipid compound (such as PEG-DMG, purchased from Avanti or self-made); (4) a structural
lipid (such as cholesterol, purchased from Sigma-Aldrich); and (5) an active ingredient (such as
Luciferase mRNA, siRNA, SARS-CoV-28S protein mRNA, and Cas9 mRNA).

Preparation and encapsulation method: (1) the ionizable lipid, the phospholipid, the pegylated
lipid, and the structural lipid were sequentially dissolved and mixed in ethanol at a ratio (calculated
by molar unit) of 50%, 10%, 1.5%, and 38.5% respectively; and (2) a lipid mixture was uniformly
mixed with the active ingredient (MRNA) at a ratio of 1:3 with a microfluidic chip or T-mixer to obtain
the lipid nanoparticle.

The encapsulation rate reflected a degree of encapsulation of a material encapsulated. The
encapsulation rate was higher, it was indicated that the material encapsulated was less likely to be
decomposed during the delivery process in vivo.

Table 1: Performance of ionizable lipid and lipid nanoparticle thereof

lonizable lipid | Particle size (nm) Polydispersity index (PDI) Encapsulation rate (%)
A1 100.4 0.084 98.38%
A2 87.94 0.12 98.77%
A3 85.5 0.20 95.93%
A4 69.23 0.17 97.41%
A5 1111 0.16 97.86%
A7 107.8 0.06 97.34%
A8 103.8 0.08383 94.55%
A9 96.77 0.09479 91.01%
A10 78.78 0.2276 89.91%
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A11 77.82 0.2294 88.65%
A12 129.2 0.09332 82.68%
A13 81.4 0.212 89.86%
A14 127.8 0.1126 82.95%
A15 91.43 0.21 86.91%
A16 66.62 0.2399 89.57%
A17 135.5 0.2592 88.50%

Embodiment 19-Transfection efficiency

According to the method in Embodiment 18, various cationic lipid compounds and luciferase
MRNA nanoparticles were encapsulated, and the fluorescence intensity or total photon number of
luciferase mRNA encapsulated with different LNPs was tested.

Experimental animal: SPF-grade BALB/c mice that passed quarantine, female, 7-9 weeks old,
purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd., randomly grouped by
animal weight, with 3 mice in each group. All animals were adaptively raised for more than 7 days
before an experiment. During the experiment, they were free to eat and drink water, with 12/12 h of
alternating light and dark. The indoor temperature was 20~26°C and the humidity was 40-70%.

Experimental method: the female BALB/c mice were injected intramuscularly (tibialis anterior
muscles in right legs of the mice) with luciferase mMRNA encapsulated with different LNPs; and at 3,
6, 24, 48, and 72 h after the administration, a small animal live imaging system (Brand: Bruker, and
Model: XTREME) was used for bioluminescence detection. Specific operating steps were as follows:
substrate preparation: an appropriate amount of a Luciferin (Brand: Promega) substrate was taken
and physiological saline was added to prepare 10 mg/mL of solution, it was kept in dark and used
for standby, and the dosage of the test substance was 5 ug/mouse, and 50 ulL/leg. The mice were
administered with the substrate and allowed to move freely for 5-10 min. Then, the mice were
placed in an anesthesia box and anesthetized with isoflurane with a concentration of 2.5%. The
mice anesthetized were put into the small animal live imaging system, a bioluminescence
parameter was set and an image was taken. After the image was collected, numerical values of
upper and lower limits of the image were adjusted according to the fluorescence intensity of
different groups, and data collection (such as: fluorescence intensity, average photon number, and
total photon number) and data processing were performed on areas in which fluorescence is
concentrated and distributed. Statistical analysis: a living imaging result was expressed as a mean
value of the fluorescence intensity or total photon number of different animals in the same test
substance group, in order to determine the fluorescence intensity or total photon number of
luciferase mRNA encapsulated with the different LNPs. Data of luciferase expression induced by
the ionizable lipid nanoparticle preparation in the mice after 6 h of the injection were shown in
Tables 2-1 and 2-2.

The fluorescence intensity and total photon number reflected the transfection efficiency of LNP,
and the numerical value was higher, it was indicated that the efficiency of LNP in delivering the
substances encapsulated into cells was higher.

Table 2-1: Expression of luciferase induced by ionizable lipid nanoparticle preparation after 6 h of

injection
Test Average fluorescence Total photon number Photon number per unit
subst intensity (p/sec) area (p/sec/cm?)
ance Leg Liver Leg | Liver Leg | Liver
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PBS 22.5 21.3 1.04E+09 | 8.86E+08 | 3.31E+05 | 3.14E+05
A1 3411.3 828.8 4 14E+11 | 1.21E+11 | 5.02E+07 | 1.22E+07
A2 4669.8 3880.4 7.69E+11 | 9.56E+11 | 6.88E+07 | 5.71E+07
A3 1972.8 680.8 1.75E+11 | 7.68E+10 | 2.91E+07 | 1.00E+07
A4 834.3 776.5 6.29E+10 | 8.95E+10 | 1.23E+07 | 1.14E+07
A5 3763.3 124.2 427E+11 | 5.66E+09 | 5.54E+07 | 1.83E+06
AB 990.8 16.8 5.66E+10 | 1.04E+09 | 1.46E+07 | 2.47E+05
A7 3805.9 1416.3 542E+11 | 1.95E+11 | 5.60E+07 | 2.09E+07
Table 2-2: Expression of luciferase induced by ionizable lipid nanoparticle preparation after 6 h of
injection
Test Average fluorescence Total photon number Photon number per unit
subst intensity (p/sec) area (p/sec/cm?)
ance Leg Liver Leg Liver Leg Liver
PBS 16.9 14.9 7.79E+08 | 1.02E+09 | 2.49E+05 | 2.20E+05
A8 2510.5 747.0 2.76E+11 | 6.97E+10 | 3.70E+07 | 1.10E+07
A9 661.2 549.1 6.28E+10 | 4.21E+10 | 9.74E+06 | 8.09E+06
A10 1801.0 1656.0 1.69E+11 | 2.80E+11 | 2.65E+07 | 2.44E+07
A11 3077.8 3463.2 476E+11 | 9.37E+11 | 4.53E+07 | 5.10E+07
A12 3544.5 657.0 539E+11 | 7.74E+10 | 5.22E+07 | 9.68E+06
A13 3160.1 1322.4 4 .06E+11 | 2.25E+11 | 4.65E+07 | 1.95E+07
A14 2651.5 401.3 3.43E+11 | 2.29E+10 | 3.90E+07 | 5.91E+06
A16 1102.8 581.4 7.25E+10 | 6.11E+10 | 1.62E+07 | 8.56E+06
A17 1338.2 107.4 1.15E+11 | 9.83E+09 | 1.97E+07 | 1.58E+06

Embodiment 20--immunogenicity research of LNP encapsulated mRNA
S protein mRNA (the sequence was found in SEQ ID NO. 17 in CN202310812939.7) of a
SARS-CoV-2 BA.2.75.2 mutant strain was prepared by a T7 in vitro transcription method, and the
encapsulation method in Embodiment 18 was referred. lonizable lipids A18 (self-made, referring to
A18 in CN202110617445.4), A2 and A11 were respectively used for encapsulation, and mRNA

vaccines were obtained.

Table 3: mRNA encapsulation result

mRNA vaccine | lonizable lipid Encapsulation I?arhcle P.olydlspersﬂy
rate (%) size (nm) index (PDI)
L1 A18 97 92 0.03
L2 A2 98 87 0.05
L3 A11 95 82 0.15
Table 4. Immunization regimen
Number
Test Administrati f Animal
©s Group MRNA Dose | Species ministration _O nima
sample mode animals number
(mouse)
Negati Int I
PBS | | Coave / / g | mramusedian) g 1 A001-A010
control injection
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group
Low-dose Intramuscular
L1 group BA.2.752 S 1ug | BALBJe injection 10 B001-BO10
—— tei
High-dose protein 20 BALB/c IntIaInu§cuIar 10 C001-C010
group Mg injection
Low-d Int I
ow-dose 1ug | BALB/c | ramuseuidnl g | bo01-D010
L2 group BA.2.752 S injection
High-d tei 20 Int I
'gh-dose | protein BALB/c | ramuseUiar g | Ego1-E010
group Mg injection
Low-dose Intramuscular
1 BALB!/ 10 FO01-FO10
L3 group BA.2.752 S Hg ¢ injection
High-d rotein 20 Int I
'gn-dose | protel BALB/c | omuSeUa g | Goo1-Go1o
group Mg injection

3 mRNA vaccine preparations obtained were used for immunity testing in BALB/c mice.
Specific operations were as follows: 6-8 week old BALB/c mice (female) were selected, and there
were 10 mice in each group. The vaccine preparations were respectively administered twice by
intramuscular injection on Day 0 and Day 21, the injection volume was 100 uL, and the negative
control group was administered with 100 uL of phosphate buffer solution (PBS).

On Day 14 after the second immunization, spleens of 4 mice were taken and spleen
lymphocytes were separated, and T lymphocytes secreting IFN-y and IL-4 in the mice were
detected with an ELISPOT method. Specific operations of the ELISPOT test were performed
according to instructions of Mouse IL-4 precoated ELISPOT kit (Dakewe, 2210402) and Mouse
IFN-y precoated ELISPOT kit (Dakewe, 2210005).

On Day 14 and Day 35 after the first immunization (namely Day 14 after the second
immunization), blood was collected from orbits of the remaining 6 mice (hemolysis was avoided),
serum was collected, and a BA.2.75.2-type Spike (S) protein specific IgG antibody was detected by
an indirect ELISA method. Specific operations for detecting the titer of the BA.2.75.2-type S protein
specific IgG antibody using the indirect ELISA method were as follows.

Coating antigen: a BA.2.75.2 S protein (ACROBiosystems, Cat#SPN-C522r) was diluted to 2
ng/pL with a coating buffer at 100 pL/well, and it was coated overnight at 4°C.

The plate was washed with 1xPBST for 3 times, and 5 min each time.

It was blocked with 1% BSA blocking solution at 200 pL/well, and stilly placed at 37°C for 1 h.

The plate was washed with 1xPBST for 3 times, and 5 min each time.

The serum was doubling-diluted with a dilution buffer, and added at 100 ulL/well, it was
incubated at 37°C for 1 h, and negative serum control and blank control wells without the serum
were set.

The plate was washed with 1xPBST for 3 times, and 5 min each time.

The anti-IgG secondary antibody was diluted at 1:1000, and added at 100 uL/well, and it was
incubated at 37°C for 1 h.

The plate was washed with 1xPBST for 3 times, and 5 min each time.

TMB substrate developing solution prepared freshly was added at 100 ulL/well, and it was
incubated at 37°C for an appropriate time.

2 mol/L of sulfuric acid stopping solution was added at 50 uL/well.

The absorbance value of OD450 nm was measured with an enzyme-linked immunosorbent
assay (ELISA) reader.
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Results of IgG antibody titers were shown in Figs. 2 and 3, the 3 mRNA vaccine preparations
might induce humoral immune responses and generate the S protein specific IgG antibody in the
BALB/c mice. In both low and high doses, regardless of the first or second immunization, the
antibody IgG level produced by L2 was basically the same as L1. After the first immunization, the
IgG antibody titer reached 4Log10 or above, and after the second immunization, the 1gG antibody
titer reached 6Log10~7Log10. The antibody IgG level produced by L3 was relatively low, but after
the second immunization, the IgG antibody titers all reached 6Log10 or above. The ELISPOT
results were shown in Fig. 4. After being inoculated with low and high-dose vaccine preparations,
the T lymphocytes secreting INF-y in groups L1, L2, and L3 were significantly increased, the T
lymphocytes secreting INF-y in the group L3 were highest, the second was the group L2, and the
worst was the group L1. After being inoculated with the low and high-dose vaccine preparations, T
lymphocytes secreting IL-4 in groups L1, L2, and L3 were significantly increased, and in the low
dose, the T lymphocytes secreting IL-4 in the group L3 were highest, the second was the group L2,
and the worst was the group L1; and in the high dose, there was no significant difference between
the groups. In conclusion, it might be concluded that, compared to L1, L2, and L3, L3 might induce
the strongest cellular immune response. The humoral immune response induced by L2 was
equivalent to L1, but the cellular immune response produced was stronger.

The content of all reference documents (including documents referred by the reference
documents, published patents, published patent applications, and pending patent applications)
cited in the full text is introduced by entirety here as a reference. Unless otherwise defined, all
technical and scientific terms used in this article are consistent with meanings commonly known to
those of ordinary skill in the art.

All features disclosed in the description may be combined in any combinations. Each feature
disclosed in the description may be replaced by alternative features with the same, equivalent, or
similar purpose. Therefore, unless otherwise explicitly stated, each disclosed feature is only an
example of a series of equivalent or similar features.

Based on the above description, those skilled in the art may easily determine the basic features
of the application, and without departing from the spirit and scope of the application, make various
changes and modifications to the application so that it adapts to various uses and conditions.
Therefore, other embodiments are also within the scope of the appended claims.
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What is claimed is:
1. A compound in Formula (1), or a salt or isomer thereof:

R4
RZ—M/
R1—N\
Ry—M YR
YR* )
wherein,

R1 is -Ci.6 alkylene-X,

wherein X is selected from amino, hydroxyl, acetylenyl, cyano, -C(O)(CH2)1.sNRaRy,
-C(0O)O(CH2)1:3sNRaRp, -OC(O)(CH2)1.3NRaRb, -C(O)NH(CH2)1.sNRaRp, -NHC(O)(CH2)1sNRaRs,
-NHC(O)CH(NRaRb)(CH2)1.sNRaRsb, Cs.7 cycloalkyl, 4-7-membered heterocyclic group, Cs.10 aryl
or 5-10-membered heteroaryl, and H atoms on the Cs7 cycloalkyl, the 4-7-membered
heterocyclic group, the Cs.10 aryl, and the 5-10-membered heteroaryl groups are optionally
substituted by the following groups: -(CH2)1.30H, -(CH2)1.3NRaRy or -(CH2)13C(O)NRaRy;

or X is;
Q, Q 0
AN 4 N
I 0
i A " 5 i 3 iy,
g ﬁ E T BN

- or . i

Rz is Cs.20 alkylene, wherein one or more methylenes in Rz are each independently substituted
by the following groups: -CH=CH-, -C=C -, or -O-;

Rz is Cs.20 alkylene, wherein one or more methylenes in Rz are each independently substituted
by the following groups: -CH=CH-, -C=C-, or -O-;

M is independently selected from -CH,-, -CH=CH-, -C=C-, -NH-, -C(Q)-, -C(S)-, -O-, -S-,
-C(0)0O-, -OC(0O)-, -C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(0O)-, -C(S)-O-, -0O-C(S)-, -C(S)-S-,
-S-C(S)-, -S-S-, -C(S)NH-, -NHC(S)- or -O-P(O)(OH)-O-,

YR*
YR*

R4 is R YR* ,or YR* -

wherein R is selected from H, R* or -(CH.)1s-YR¥;
Y is selected from -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(O)O-, -OC(0)-, -C(O)NH-, -NHC(O)-,
-C(0)-S-, -S-C(O)-, -C(5)-0O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-, -NHC(S)-, or
-O-P(O)(OH)-O-;
R* is independently selected from Ci.12 alkyl, C2.12 alkenyl, or Cz.12 alkyne; and
Ra and Ry are independently selected from H, C16 alkyl or C1.s halogenated alkyl.
2. The compound in Formula (l) or the salt or isomer thereof according to claim 1, wherein,
R1 is -Ci.6 alkylene-X,
wherein X is selected from amino, hydroxyl, acetylenyl or cyano;
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Rz is Cs.20 alkylene;

Rs is a Cs.20 alkylene;

M is independently selected from -CH,-, -CH=CH-, -C=C-, -NH-, -C(Q)-, -C(S)-, -O-, -S-,
-C(0)0-, -OC(0)-, -C(O)NH-, -NHC(0)-, -C(0O)-S-, -S-C(0)-, -C(S)-0O-, -O-C(S)-, -C(S)-S-,
-S-C(S)-, -S-S-, -C(S)NH-, or -NHC(S)-;

YR*
YR*

wherein R is selected from H, R* or -(CH.)1s-YR¥;

Y is selected from -NH-, -C(O)-, -C(S)-, -O-, or -S-; and

R* is independently selected from Ci.12 alkyl, C2.12 alkenyl, or Cz.12 alkynyl.

The compound or the salt or isomer thereof according to any one of claims 1-2, wherein Ry is
-C16 alkylene-OH, preferably -C,¢ alkylene-OH, preferably -C..4 alkylene-OH, and preferably
-C2 alkylene-OH.

The compound or the salt or isomer thereof according to any one of claims 1-3, wherein R: is
Cs-20 alkylene, preferably Cs.11 alkylene, preferably Cs.11 alkylene, and preferably C+.11 alkylene.
The compound or the salt or isomer thereof according to any one of claims 1-4, wherein R; is
Cs20 alkylene, preferably Cr.z0 alkylene, preferably Cr.11 alkylene, preferably Cs.1 alkylene,
preferably Crz.¢ alkylene, and preferably C+ alkylene.

The compound or the salt or isomer thereof according to any one of claims 1-5, wherein each M
is independently -C(O)O-, -OC(O)-, -C(O)NH- or -NHC(O)-, preferably -C(O)O- or -OC(O)-, and
preferably -C(O)O-.

The compound or the salt or isomer thereof according to any one of claims 1-6, wherein each Y
is independently selected from -O-.

The compound or the salt or isomer thereof according to any one of claims 1-7, wherein each R*
is independently selected from Ci.11 alkyl, wherein one or more methylenes are each
independently substituted by the following groups: -CH=CH-, and -C=C-, preferably Ci.s alkyl,
preferably Cq. alkyl, and preferably Ce alkyl.

The compound or the salt or isomer thereof according to claim 1, wherein the compound has a
formula (11):

/RZ—M OR*
R1_N\ OR*
OR* ()

wherein,

Ry is -Ca alkylene-OH;

M is selected from -CH.-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(0)O-, -OC(O)-,
-C(O)NH-, -NHC(O)-, -C(0)-S-, -S-C(O)-, -C(5)-O-, -O-C(9)-, -C(S)-S-, -S-C(5)-, -S-S-,
-C(S)NH-, -NHC(S)-, or -O-P(0)(OH)-O-;

Rz is Cs.20 alkylene;
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Rs is C7.20 alkylene;
R* is independently selected from Ci.11 alkyl, wherein one or more methylenes in R* are each
independently substituted by the following groups: -CH=CH- or -C=C-.
10. The compound in Formula (II) or the salt or isomer thereof according to claim 9, wherein,
Ry is -Ca alkylene-OH;
M is selected from -C(O)O-, -OC(O)-, -C(O)NH-, or -NHC(O)-;
Rz is Cs.11 alkylene;
Rs is C7.11 alkylene; and
R* is independently selected from C1.¢ alkyl.
11. The compound in Formula (ll) or the salt or isomer thereof according to claim 9, wherein,
Ry is -Cz.4 alkylene-OH;
M is selected from -C(O)O-, -OC(O)-, -C(O)NH-, or -NHC(O)-;
Rz is C7.11 alkylene;
Rz is Cr.9 alkylene; and
R* is independently selected from C1.¢ alkyl.
12. The compound in Formula (ll) or the salt or isomer thereof according to claim 9, wherein,
Ry is -C; alkylene-OH;
M is -C(O)O- or -OC(O)-;
Rz is C7.11 alkylene;
Rz is Cr.9 alkylene; and
R* is independently selected from C1.¢ alkyl.
13. The compound in Formula (ll) or the salt or isomer thereof according to claim 9, wherein,
Ry is -C; alkylene-OH;
M is -C(O)O- or -OC(O)-;
Rz is C7.11 alkylene;
Rz is C7 alkylene; and
R* is independently selected from Cg alkyl.
14. The compound in Formula (ll) or the salt or isomer thereof according to claim 1, wherein the
compound has a Formula (lll):

0O
R, 0 OR*
HO—(CHy),™—N OR*
0] OR* (1
wherein,
pis 2;

Rz is C7.11 alkylene;
Rz is Cr.9 alkylene; and
R* is independently selected from C1.¢ alkyl.
15. The compound in Formula (ll) or the salt or isomer thereof according to claim 14, wherein,
pis 2;
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Rz is C7.11 alkylene;
Rz is C7 alkylene; and
R* is independently selected from Cg alkyl.
16. The compound in Formula (ll) or the salt or isomer thereof according to claim 1, wherein the
compound has a Formula (IV):

OR*
Ro—M
HO“‘(CHz)p\N\ OR*
Rs_“—O/Y\O R*
O OR* (IV)
wherein,
p is 2-4;

M is selected from -CHy-, -CH=CH-, -C=C-, -NH-, -C(O)-, -C(S)-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)NH-, -NHC(O)-, -C(O)-S-, -S-C(O)-, -C(S)-O-, -O-C(S)-, -C(S)-S-, -S-C(S)-, -S-S-, -C(S)NH-,
-NHC(S)-, or -O-P(O)(OH)-0O-;

Rz is Cs.20 alkylene;

Rs is a C7.20 alkylene; and

R* is independently selected from Ci.41 alkyl, wherein one or more methylenes are each
independently substituted by the following groups: -CH=CH- or -C=C-.

17. The compound in Formula (ll) or the salt or isomer thereof according to claim 16, wherein,

p is 2-4;

M is selected from -C(O)O-, -OC(O)-, -C(O)NH-, or -NHC(O)-;

Rz and R; are independently selected from Cs.11 alkylene; and

R* is independently selected from C1.¢ alkyl.

18. The compound in Formula (ll) or the salt or isomer thereof according to claim 16, wherein,

p is 2-4;

M is -C(O)O- or -OC(O)-;

Rz is C7.11 alkylene;

Rz is Cr.9 alkylene; and

R* is independently selected from C1.¢ alkyl.

19. A compound or a salt or isomer thereof, wherein the compound is selected from any one of
A1-A17:

an
¢ A1,
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20. A composition, wherein the composition comprises the compound according to any one of
claims 1-19.

21. The composition according to claim 20, wherein the composition further comprises a
phospholipid.

22. The composition according to claim 21, wherein the phospholipid is selected from at least one of

1,2-dilinoleoyl-sn-glycerol-3-phosphocholine (DLPC),
1,2-dimyristoyl-sn-glycerol-phosphocholine (DMPC), 1,2-dioleoyl-sn-glycerol-3-phosphocholine
(DOPC), 1,2-dipalmitoyl-sn-glycerol-3-phosphocholine (DPPQC),
1,2-distearoyl-sn-glycerol-3-phosphocholine (DSPC),
1,2-diundecanoyl-sn-glycerol-phosphocholine (DUPC),
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1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphocholine  (POPC), 1,2-di-O-octadecenyl-sn-glycerol
-3-phosphocholine (18:0 Diether PC), 1-oleoyl-2-cholesterol semisuccinyl-sn-glycerol
-3-phosphocholine (OChemsPC), 1-hexadecyl-sn-glycerol-3-phosphocholine (C16 Lyso PC),
1,2-dilinolenyl-sn-glycerol-3-phosphocholine, 1,2-diarachidonoyl-sn-glycerol-3-phosphocholine,
1,2-didocosahexaenoyl-sn-glycerol-3-phosphocholine, 1,2-dioleoyl-sn-glycerol-3-phosphate
ethanolamine (DOPE), 1,2-diphytanyl-sn-glycerol-3-phosphate ethanolamine (ME 16.0 PE),
1,2-distearoyl-sn-glycerol-3-phosphate ethanolamine, 1,2-dilinoleoyl-sn-glycerol-3-phosphate

ethanolamine, 1,2-dilinolenyl-sn-glycerol-3-phosphate ethanolamine,
1,2-diarachidonoyl-sn-glycerol-3-phosphate ethanolamine,
1,2-didocosahexaenoyl-sn-glycerol-3-phosphate ethanolamine,

1,2-dioleoyl-sn-glycerol-3-phosphate-rac-(1-glycerol) sodium salt (DOPG), dipalmitoyl
phosphatidyl glycerol (DPPG), palmitoyl oleoyl phosphatidyl ethanolamine (POPE),
distearoyl-phosphatidyl-ethanolamine (DSPE), dipalmitoyl phosphatidyl ethanolamine (DPPE),
dimyristoylphosphoethanol amine (DMPE), 1-stearoyl-2-oleoyl-phosphatidyl ethanolamine
(SOPE), 1-stearoyl-2-oleoyl-phosphatidyl choline (SOPC), sphingomyelin, phosphatidyl choline,
phosphatidyl ethanolamine, phosphatidyl serine, phosphatidyl inositol, phosphatidic acid,
palmitoyl oleoyl phosphatidyl choline, lysophosphatidyl choline, and lysophosphatidyl
ethanolamine (LPE).

The composition according to any one of claims 20-22, wherein the composition further
comprises a pegylated lipid compound.

The composition according to claim 23, wherein the pegylated lipid compound is selected from
at least one of a PEG modified phosphatidyl ethanolamine, a PEG modified phosphatidic acid, a
PEG modified ceramide, a PEG modified dialkylamine, a PEG modified diacylglycerol, and a
PEG modified dialkyglycerol.

The composition according to any one of claims 20-24, wherein the composition further
comprises a structural lipid.

The composition according to claim 25, wherein the structural lipid is selected from at least one
of cholesterol, coprosterol, sitosterol, ergosterol, campesterol, stigmasterol, brassicasterol,
tomatidine, ursolic acid, and a-tocopherol.

The composition according to any one of claims 20-26, wherein calculated by molar unit, the
composition comprises 20%-80% of the compound according to any one of claims 1-19, 1% -10%
of the pegylated lipid compound, 10% -50% of the structural lipid, and 5-30% of the
phospholipid.

The composition according to claim 27, wherein the composition further comprises an active
ingredient, and the active ingredient is selected from at least one of DNA, RNA, protein, and
drug active molecules.

The composition according to claim 28, wherein the RNA is selected from at least one of mMRNA,
siRNA, aiRNA, miRNA, dsRNA, aRNA, and IncRNA.

The composition according to claim 28, the protein is selected from at least one of an antibody,
an enzyme, a recombinant protein, a polypeptide, and an oligopeptide.

A lipid nanoparticle, wherein the lipid nanoparticle comprises the composition according to any
one of claims 20-30.

A method for preparing the lipid nanoparticle according to claim 31, wherein the method
comprises Step (1): dissolving and mixing of the compound according to any one of claims 1-19
with a pegylated lipid compound, a structural lipid, and a phospholipid.
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33. The method according to claim 32, wherein the method also comprises Step (2): forming the
lipid nanoparticle by mixing a mixture obtained in the Step (1) with an active ingredient through
a mixer.
34. A use of the compound according to any one of claims 1-19 in the preparation of a lipid
nanoparticle.
35. The use according to claim 34, wherein the lipid nanoparticle is neutral and uncharged in a
neutral medium, and is positively charged upon protonation in an acidic medium.
36. A pharmaceutical composition, wherein the pharmaceutical composition comprises the lipid
nanoparticle according to claim 31 and a pharmaceutically acceptable carrier.
37. A use of the lipid nanoparticle according to claim 31 or the pharmaceutical composition
according to claim 36 in preparation of a drug.
38. The use according to claim 37, wherein the drug comprises an active ingredient, and the active
ingredient is selected from at least one of DNA, RNA, protein, or drug active molecules.
39. The use according to claim 38, wherein the RNA is selected from at least one of mMRNA, siRNA,
aiRNA, miRNA, dsRNA, aRNA, and IncRNA.
40. The use according to claim 38, wherein the protein is selected from at least one of an antibody,
an enzyme, a recombinant protein, a polypeptide, and an oligopeptide.
41. The use according to any one of claims 37-40, wherein the drug is used for a person by
intravenous injection, intramuscular injection, subcutaneous injection, microneedle patch, oral
administration, oral and nasal spray, and daubing.
42. The lipid nanoparticle according to claim 31 or the pharmaceutical composition according to
claim 36 for use as a medicament;
optionally, the medicament comprises an active ingredient, and the active ingredient is selected
from at least one of DNA, RNA, protein, or drug active molecules;
optionally, the RNA is selected from at least one of mMRNA, siRNA, aiRNA, miRNA, dsRNA,
aRNA, and IncRNA;

optionally, the protein is selected from at least one of an antibody, an enzyme, a recombinant
protein, a polypeptide, and an oligopeptide;

optionally, the medicament is used for a person by intravenous injection, intramuscular injection,
subcutaneous injection, microneedle patch, oral administration, oral and nasal spray, and daubing.

43. A method for treating a disease, wherein the method comprises administering a therapeutically
effective amount of the lipid nanoparticle according to claim 31 or the pharmaceutical
composition according to claim 36 to a subject suffering from the disease;
optionally, the lipid nanoparticle or the pharmaceutical composition comprises an active

ingredient, and the active ingredient is selected from at least one of DNA, RNA, protein, or drug

active molecules;

optionally, the RNA is selected from at least one of mMRNA, siRNA, aiRNA, miRNA, dsRNA,
aRNA, and IncRNA;

optionally, the protein is selected from at least one of an antibody, an enzyme, a recombinant
protein, a polypeptide, and an oligopeptide;

optionally, the lipid nanoparticle or the pharmaceutical composition is used for the subject by
intravenous injection, intramuscular injection, subcutaneous injection, microneedle patch, oral
administration, oral and nasal spray, and daubing.
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