DESCRIPTION
TITLE OF INVENTION: CATIONIC LIPID

TECHNICAL FIELD

[0001] The present invention relates to a novel cationic lipid.

BACKGROUND ART

[0002] Nucleic acids such as siRNA (small interfering RNA), miRNA (micro RNA) and
shRNA (short hairpin RNA or small hairpin RNA) expression vectors and antisense
oligonucleotides induce sequence-specific gene silencing in vivo and are known as
oligonucleotide therapeutics.

[0003] Among the oligonucleotide therapeutics, siRNAs have attracted particular attention.
siRNAs are double-stranded RNAs consisting of 19 to 23 base pairs and induce
sequence-specific gene silencing called RNA interference (RNA1).

[0004] siRNAs are chemically stable; however, siRNAs have issues in therapeutic
applications such as being liable to be decomposed by RNase (ribonuclease) in plasma and
being unlikely to pass through the cell membrane alone (for example, see Patent Literature 1).
[0005] In order to address the above issues, it has been known that by encapsulating siRNA
in a fine particle containing a cationic lipid, the encapsulated siRNA is protected from
decomposition in blood plasma and can penetrate a lipophilic cell membrane (for example,
see Patent Literature 1).

[0006] Patent Litera‘;ure 2 to 5 disclose cationic lipids where are used for delivery of
oligonucleotide therapeutics such as siRNAs and which have improved biodegradability.

[0007] Fine particles containing cationic lipids have such an issue of stability that the
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particles are likely to aggregate during storage, and a method for preventing aggregation by
adding polyethylene glycol-modified lipids (PEG lipids) to the fine particles is known.
Further, Patent Literature 6 discloses a method for preventing aggregation and improving a
delivery efficiency of nucleic acids by configuring fine particles that comprise a specific PEG
lipid, which is PEG-DPG, and a preparation that comprises the fine particles and a deionized

solvent.

CITATION LIST

PATENT LITERATURE

[0008]

Patent Literature 1: WO 2010/144740
Patent Literature 2: WO 2011/153493
Patent Literature 3: WO 2013/086354
Patent Literature 4: WO 2013/158579
Patent Literature 5: WO 2015/095346

Patent Literature 6: WO 2014/089239

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0009] However, despite recent developments, there is still a need for a cationic lipid that

can be used for nucleic acid delivery to the cytoplasm.

SOLUTION TO PROBLEM
[0010] The present invention relates to [1] to [15] indicated below.

[0011] [1] A compound represented by formula (1a) below or a pharmaceutically acceptable
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salt thereof:
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wherein L; and L, independently represent an alkylene group having 3 to 10 carbon
atoms; R, and R, independently represent an alkyl group having 4 to 22 carbon atoms
or an alkenyl group having 4 to 22 carbon atoms; X; represents a single bond or

-CO-0-; and the ring P represents any of formulae (P-1) to (P-5) below:

N/R-" (\N/Rs FN*Ra H.,, ;:N”R3 H, /~n- s
YN\) \( \// g "
(P-1) (P-2) (P-3) (P-4) (P-5)

wherein Rj3 represents an alkyl group having 1 to 3 carbon atoms.
[2] The compound according to [1] represented by formula (1) below, or a pharmaceutically

acceptable salt thereof:

)
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wherein L; and L, independently represent an alkylene group having 3 to 10 carbon
atoms; R; and R, independently represent an alkyl group having 4 to 22 carbon atoms
or an alkenyl group having 4 to 22 carbon atoms; and X; represents a single bond or

-CO-0O-.
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[0012] [3] The compound according to [1] or [2] selected from the group consisting of

compounds represented by formulae (A1) to (A22) below, or a pharmaceutically acceptable

salt thereof.
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[0013] [3a] The compound according to [3] selected from the group consisting of
compounds represented by formulae (A1), (A2), (A3), (A4), (AS), (A9), (A12), (A15), (A16),
(A17), (A19), (A20) and (A22) above, or a pharmaceutically acceptable salt thereof.

[3b] The compound according to [3] selected from the group consisting of compounds
represented by formulae (A1), (A2), (A3), (A4), (AS), (A9), (A12), (A15) and (A20) above,
or a pharmaceutically acceptable salt thereof.

[3c] The compound according to [3] selected from the group consisting of compounds
represented by formulae (A1) to (AS5) above, or a pharmaceutically acceptable salt thereof.
[3d] The compound according to [3] selected from the group consisting of compounds
represented by formulae (A6) to (A8) above, or a pharmaceutically acceptable salt thereof.
[0014] [3] The compound according to any of [1] to [3] represented by formula (A1) below,

or a pharmaceutically acceptable salt thereof.
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[0015] [4] The compound according to any of [1] to [3] represented by formula (A2) below,

or a pharmaceutically acceptable salt thereof.
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[0016] [5] The compound according to any of [1] to [3] represented by formula (A3) below,

or a pharmaceutically acceptable salt thereof.
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[0017] [6] The compound according to any of [1] to [3] represented by formula (A4) below,

or a pharmaceutically acceptable salt thereof.
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[0018] [7] The compound according to any of [1] to [3] represented by formula (A5) below,
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or a pharmaceutically acceptable salt thereof.

N/
0 @)
(A5)
O
/\/\//\\:/\
@)

[0019] [8] The compound according to any of [1] to [3] represented by formula (A9) below,

or a pharmaceutically acceptable salt thereof.
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[0020] [9] The compound according to any of [1] to [3] represented by formula (A12)

below, or a pharmaceutically acceptable salt thereof.
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[00211 [10] The compound according to any of [1] to [3] represented by formula (A15)
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below, or a pharmaceutically acceptable salt thereof.
N ~
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[0022] [11] The compound according to any of [1] to [3] represented by formula (A20)

below, or a pharmaceutically acceptable salt thereof.

Ty

[0023] [13] A lipid complex containing: (I) the compound according to any one of [1] to
[12] or a pharmaceutically acceptable salt thereof; and (II) at least one lipid selected from the
group consisting of a neutral lipid, a polyethylene glycol-modified lipid and a sterol.

[0024] [14] A composition containing: .(I) the compound according to any one of [1] to [12]
or a pharmaceutically acceptable salt thereof; (II) at least one lipid selected from the group
consisting of a neutral lipid, a polyethylene glycol-modified lipid and a sterol; and (III) a
nucleic acid.

[0025] [15] A method for producing a composition, the method including: the step of
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mixing a polar organic solvent-containing aqueous solution containing (I) the compound
according to any one of [1] to [12] or a pharmaceutically acceptable salt thereof, and (II) at
least one lipid seleqted from the group consisting of a neutral lipid, a polyethylene
glycol-modified lipid and a sterol with an aqueous solution containing (III) a nucleic acid to
obtain a mixed solution; and the step of reducing a content percentage of the polar organic

solvent in the mixed solution.

EFFECT OF THE INVENTION
[0026] The cationic lipid of the present invention has one or more effects indicated below:
(1) The cationic lipid of the present invention allows effective release of nucleic
acids to the cytoplasm;
(2) The cationic lipid of the present invention can prevent an increase in the particle
diameter of the lipid complex during the storage over a certain period of time.
Therefore, the cationic lipid of the present invention can be applied as a lipid used to

deliver a nucleic acid into the cytoplasm.

BRIEF DESCRIPTION OF DRAWINGS
[0027]
[Figure 1] Figure 1 is a graph illustrating the result of Test Example 1.

[Figure 2] Figure 2 is a graph illustrating the result of Test Example 2.

DESCRIPTION OF EMBODIMENTS
[0028] The present invention is hereinafter described in detail by presenting embodiments
and examples. However, the present invention is not limited to the embodiments and

examples described below and may be arbitrarily modified and worked within the scope that
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does not deviate the concept of the present invention. All the documents and publications
cited in the present specification are entirely incorporated herein by reference regardless of
the purpose thereof.
[0029] (Cationic lipid)

In one embodiment, the present invention is a compound represented by formula
(1a) below or a pharmaceutically acceptable salt thereof, and may be used as a cationic lipid.

The cationic lipid may be a hydrate of the salt or a solvate of the salt.

NOo

O
i /E X
1
e

(1a)

In formula (1a), the ring P represents any of formulae (P-1) to (P-5) below.

YO/R:; 0/ Rs N\CN_R?' H,, :N/ Rs \;Q\J/Rs
N o B L
X X N ;

(P-1) (P-2) (P-3) (P-4) (P-5)

In formulae (P-1) to (P-5) above, Rj represents an alkyl group having 1 to 3 carbon
atoms.
[0030] In one embodiment, the ring P represents any of formula (P-1), formulae (P-2),
(P-4) and (P-5).

In one embodiment, the ring P represents formula (P-1).
[0031] In one embodiment, the present invention is a compound represented by formula (1)
below or a pharmaceutically acceptable salt thereof, and may be used as a cationic lipid.
The cationic lipid may be a hydrate of the salt or a solvate of the salt.

[0032]
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R1\O/U\L1 |—2/X1\R2 (1)
[0033] In formula (1a) and formula (1), L; and L, independently represent an alkylene A
group having 3 to 10 carbon atoms; R, and R, independently represent an alkyl group having
4 to 22 carbon atoms or an alkenyl group having 4 to 22 carbon atoms; and X; represents a
single bond or -CO-O-.

[0034] As used herein, “alkyl” means a linear, cyclic or branched saturated aliphatic
hydrocarbon group having a denoted number of carbon atoms.

As used herein, “alkenyl” means a linear or branched hydrocarbon group having a
denoted number of carbon atoms and at least one carbon-carbon double bond. Examples
thereof include monoenes, dienes, trienes and tetraenes; however, the term is not limited
thereto.

As used herein, “alkylene” means a linear, cyclic or branched bivalent saturated
aliphatic hydrocarbon group having a denoted number of carbon atoms.

As used herein, “halogen” means F, CI, Bror 1.

[0035] One embodiment of the present invention is a compound represented by formula (1a)
or formula (1) above, wherein L; and L, vindependently represent an alkyleneA group having 3
to 10 carbon atoms (for example 5 to 10 carbon atoms or 3 to 8 carbon atoms); R; and R,
independently represent an alkyl group having 4 to 18 carbon atoms or an alkenyl group
having 4 to 18 carbon atoms; and X represents a single bond or -CO-O-, or a
pharmaceutically acceptable salt thereof, and may be used as a cationic lipid. The cationic

lipid may bé a hydrate of the salt or a solvate of the salt.
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[0036] One embodiment of the present invention is a compound represented by formula (1a)

or formula (1) above, wherein L; and I, independently represent a linear alkylene group

having 3 to 10 carbon atoms (for example 5 to 10 carbon atoms or 3 to 8 carbon atoms); R;
and R, independently represent a linear or branched alkyl group having 4 to 18 carbon atoms
or a linear alkenyl group having 4 to 18 carbon atoms; and X is -CO-O-, or a
pharmaceutically acceptable salt thereof, and may be used as a cationic lipid. The cationic
lipid may be a hydrate of the salt or a solvate of the salt.

Therefore, one embodiment of the present invention is a compound represented by

formula (1b) below or a pharmaceutically acceptable salt thereof.

W

R1\ Rz
-

o 1 2 O

n n

(1b)

In formula (1b), R, and R, independently represent an alkyl group having 4 to 22
carbon atoms or an alkenyl group having 4 to 22 carbon atoms, preferably a linear or
branched alkyl group having 4 to 18 carbon atoms or a linear alkenyl group having 4 to 18
carbon atoms; and nl and n2 independently represent an integer of 3 to 10 (for example 5 to
10 or 3 to 8).

[0037] In one embodiment of the present invention, the present invention is a compound of
formula (1a) or formula (1) above, wherein X; is -CO-O-; L; is the same as L,; and R, is the
same as R, or a pharmaceutically acceptable salt thereof, and may be used as a cationic lipid.
The cationic lipid may be a hydrate of the salt or a solvate of the salt.

[0038] In one embodiment of the present invention, the present invention is a compound of

formula (1a) or formula (1) above, wherein L; and L, independently represent a linear

—
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alkylene group having 5 to 10 carbon atoms; R, is a linear or branched alkyl group having 4
to 18 carbon atoms or a linear alkenyl group having 4 to 18 carbon atoms; R; is a linear alkyl
group having 4 to 18 carbon atoms; and X is a single bond, or a pharmaceutically acceptable
salt thereof. In the present embodiment, the total number of carbon atoms of L, and R; is
preferably 9 to 12. The compound of the present embodiment may be used as a cationic
lipid. The cationic lipid may be a hydrate of the salt or a solvate of the salt.

Therefore, one embodiment of the present invention is a compound represented by

formula (1¢) below or a pharmaceutically acceptable salt thereof.

R W
1"\0
1 ‘ne

n

(1c)

In the formula (1c), R; is an alkyl group having 4 to 22 carbon atoms or an alkenyl
group having 4 to 22 carbon atoms, preferably a linear or branched alkyl group having 4 to 18
carbon atoms or a linear alkenyl group having 4 to 18 carbon atoms; nl represents an integer
of 3 to 10 (for example 5 to 10 or 3 to 8); and n2 represents an integer of 8 to 25, preferably 8
to 11.

[0039] Examples of the compound according to the embodiment are indicated below.

—_
I



(A3) (A4)
‘)\T/‘
0 Oy
ot -
—
0 " _ l o
.]L B O o I N
Rl N _‘*-:/\of e o I]; -
(A5) (A6)
Ha /N~
1
e
0 H

R
(A7) (A8)
0O AT \f‘/—j o
e «“\o’u“ e N TN
0
(A9) (A10)

[y
n



(A11)

o)

I N \/‘\V/\O/H\/’\wx ~.

)
r\/”\/\\/

(A13)

AN
'
-~ OJJ\,/\,%

(A15)

R N G M
e WL W WbV

e

o)
TN T J'L\/"\_/'\/\J’[
’Y 0 Jf-]

N \,_/“\‘/“\V/'\O,Jl\ TN

S NP [e)

o
(A17)

/‘\N/

o) J

o]
N e f"*\/“\/‘"‘v’\oﬁu\_’-”\ -
T \.J 3
N e N NGO
e

(A19)

—
N

e BT

(A12)

N N ®) J L\/"\/’ ]

e r‘ R N

(A14)

o
NN '\O/l I'\\,/ . /‘\v/\\,/%

i)
B N A~

(A16)

\,N -
0 QJ

0
\v"‘\/‘\\/’\f"‘\/‘\//\ol—f \,%

R N i Wl \-/I\O’LO

(A18)

o N -
0y ,EV,J
s

o}
T TN TN TN T /’"‘\ff\o/ll\/"\
RN N iy -
S OO
\f ’L\‘\/ S
(A20)




(A21)

[0040] One embodiment of the present invention is a compound represented by any of
formulae (A1) to (A22) above or a pharmaceutically acceptable salt thereof, and may be used
as a cationic lipid. The cationic lipid may be a hydrate of the salt or a solvate of the salt.

One embodiment of the present invention is a compound represented by any of
formulae (A1) to (A5) and (A9) to (A22) above, or a pharmaceutically acceptable salt
thereof, and may be used as a cationic lipid. The cationic lipid may be a hydrate of the salt
or a solvate of the salt.

One embodiment of the present invention is a compound represented by any of
formulae (A1), (A2), (A3), (A4), (A5), (A9), (A12), (A15), (A16), (A17), (A19), (A20) and
(A22) above, or a pharmaceutically acceptable salt thereof, and may be used as a cationic
lipid. The cationic lipid may be a hydrate of the salt or a solvate of the salt.

One embodiment of the present invention is al compound represented by any of
formulae (A1), (A2), (A3), (A4), (AS), (A9), (A12), (A15) and (A20) above, or a
pharmaceutically acceptable salt thereof, and may be used as a cationic lipid. The cationic
lipid may be a hydrate of the salt or a solvate of the salt.

One embodiment of the present invention is a compound represented by any of
formulae (A1), (A2), (A3), (A4) and (AS5) above or a pharmaceutically acceptable salt
thereof, and may be used as a cationic lipid. The cationic lipid may be a hydrate of the salt

or a solvate of the salt.

One embodiment of the present invention is a compound represented by any of

[u—y
~J




formulae (A6), (A7) and (A8) above or a pharmaceutically acceptable salt thereof, and may
be used as a cationic lipid. The cationic lipid may be a hydrate of the salt or a solvate of the
salt.

[0041] As used herein, “cationic lipid” is an amphiphilic molecule having a lipophilic
region containing one or more hydrocarbon groups and a hydrophilic region containing a
polar group that undergoes protonation at a physiological pH. Namely, the cationic lipid of
the present invention may be protonated to form a cation. For example, the compound
represented by formula (1) above encompasses the compound (cation) represented by
formula (1)’ below in which a hydrogen ion coordinates with a lone electron-pair on the

nitrogen atom on the piperidine ring.

R: (1)

The anion that may be included in the cationic lipid of the present embodiment by
forming a pair with the cation is not particularly limited as far as the anion is
pharmaceutically acceptable. Examples thereof include inorganic ions such as a chloride
ion, an iodide ion, a nitrate ion, a sulphate ion and a phosphate ion; organic acid ions such as
an acetate ion, an oxalate ion, a maleate ion, a fumarate ion, a citrate ion, a benzoate ion and a
methanesulphonate ion; and the like.

The cationic lipid of the present invention may have a stereoisomer such as a
geometric isomer and an optical isomer or a tautomer. The cationic lipid of the present
invention encompasses all possible isomers including the above and mixtures thereof.

[0042] (Production method of the cationic lipid)
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The method for producing the cationic lipid of the present invention is now
described. - Embodiments of the synthetic scheme of the cationic lipid are indicated(in
formulae (10) and (11) below. All the compounds described herein are encompassed by the
present invention as the compounds. The compound of the present invention may be
synthesized according to at least one method illustrated in the schemes indicated below.
[0043]

Scheme 1
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In the formula, L; and R; respectively are defined as above; and R is -L,-X;-R,
(wherein L, X; and R; respectively are defined as above) in formula (1).

[0044] The cationic lipid of formula (1) (compound wherein X; is a single bond) may be
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synthesized, for example, according to scheme 1 illustrated in formula (10) above.
(Step 1-1: esterification)

First, alcohol (al) and a halogenated alkylcarboxylic acid X-L;-COOH (X is a
halogen atom and L, is defined as above) (preferably a brominated alkylcarboxylic acid) are
reacted in the presence of a condensation agent to obtain halogenated ester (a2). Examples
of the condensation agent include 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide (EDC)
hydrochloride, N,N’-dicyclohexylcarbodiimide (DCC) and the like. Optionally, a base may
be added. Examples of the base include NMM, TEA, DIPEA, DMAP, pyridine, picoline,
lutidine and the like. Examples of the solvent include tetrahydrofuran (THF), methylene
chloride, chloroform, benzene, hexane, ethyl acetate and the like.

- (Step 1-2: introduction of alkyl chain)

Next, halogenated ester (a2) and di-tert-butyl malonate are reacted in the presence of
abase. By the reaction, a hydrogen atom of active methylene in the malonic diester is
abstracted to introduce an alkylester chain, thereby obtaining compound (a3). Examples of
the base include NaH. Examples of the solvent include ethers such as dioxane,
tetrahydrofuran, cyclopentyl methyl ether and 1,2-dimethoxyethane.

(Step 1-3: introduction of alkyl chain)

Next, compound (a3) and an alkyl halide (preferably iodide) are reacted in the
presence of a base to infroduce an alkyl chain, thereby obtaining compound (a4). The base
and the solvent may be similar to those in step 1-2 above.

(Step 1-4: deprotection)

Next, the tert-butyl group of compound (a4) is deprotected under acid hydrolysis
conditions to obtain compound (a5). Examples of the acid used for deprotection include
trifluoroacetic acid (TFA), hydrochloric acid and the like. Examples of the solvent include

methylene chloride and the like.
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(Step 1-5: decarbonation)

Next, carboxylic acid (a6) is obtained by decarbonation of compound (a5). The
decarbonation reaction may be conducted by, for example, heating in a solvent. Examples
of the solvent include aromatic hydrocarbons such as benzene, toluene and xylene.

(Step 1-6: reduction step)

The carboxyl group of compound (a6) is reduced to a hydroxyl group in the presence
of a reducing agent to obtain compound (a7). Examples of the reducing agent include
borane complexes such as borane (BH3)-tetrahydrofuran complex and borane-dimethyl
sulphide complex. Examples of the solvent include ethers such as diethyl ether,
tetrahydrofuran and dioxane; halogenated hydrocarbons such as chloroform, methylene
chloride and dichloroethane; hydrocarbons such as hexane, benzene and toluene; and mixed
solvents thereof.

(Step 1-7: esterification)

The obtained alcohol (a7) and 1-methyl-piperidine-4-carboxylic acid or a derivative
thereof (hydrogen halide and the like) are reacted in the presence of a condensation agent and
a base to obtain a final product, compound (a8) (R=L;-X;-R;) (compound corresponding to
the cationic lipid of formula (1)). The condensation agent and the base used may be similar
to those in step 1-1.

[0045] When the compound wherein X is -CO-O- is synthesized, a compound of which
carboxyl group is protected according to step 2-1 described below may be prepared in step
1-3 in scheme 1 above, the compound may be reacted with compound (a3) and deprotection
and esterification may be finally conducted.

[0046]
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Scheme 2
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In the formula, L; and R; respectively are defined as above; R is -L,-X;-R; (L, X

and R, respectively are defined as above) in formula (1).
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Scheme 2 above illustrates another method for synthesizing the cationic lipid of ,
formula (1) (compound wherein X is a single bond) used by a person skilled in the art.
(Step 2-1: esterification)

First, benzyl alcohol and a halogenated alkylcarboxylic acid are condensed to obtain
halogenated ester (bl). The esterification conditions are the same as in step 1-1.
(Step 2-2: introduction of alkyl chain)

Next, similar to step 1-2, halogenated ester (b1) and di-tert-butyl malonate are
reacted in the presence of a base to obtain compound (b2).

(Step 2-3: introduction of alkyl chain)

Next, similar to step 1-3, compound (b2) and an alkyl halide are reacted in the
presence of a base to obtain compound (b3).
(Step 2-4: deprotection)

Next, similar to step 1-4, the tert-butoxycarbonyl group of compound (b3) is
deprotected under acid hydrolysis conditions to obtain compound (b4).
(Step 2-5: decarbonation)

Next, similar to step 1-5, carboxylic acid (b5) is obtained.
(Step 2-6: reduction step)

Further, similar to step 1-6, the product of the previous step is reduced in the
presence of a reducing agent to obtain compound (b6).
(Step 2-7: esterification)

The obtained compound (b6) and 1-methyl-piperidine-4-carboxylic acid or a
derivative thereof (hydrogen halide and the like) are esterified in the presence of a
condensation agent and a base to obtain compound (b7).

(Step 2-8: deprotection)

Next, under reducing conditions, the benzyl protecting group is deprotected to obtain
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compound (b8). Deprotection may be conducted, for example, by catalytic hydrogenation
reaction in the presence of a metal catalyst such as palladium/carbon.
(Step 2-9: esterification)

Finally, compound (b8) may be reacted with an alcohol (R;OH) to obtain compound
(b9) (R=L,-X;-Rz) (compound corresponding to the cationic lipid of formula (1)).
[0047] When the compound wherein X; is -CO-O- is synthesized, a compound of which
carboxyl group is protected according to step 2-1 may be reacted with compound (b2) in step
2-3 of scheme 2 above, and the product may be deprotected in step 2-8.
[0048] The compound of formula (1a) above may also be synthesized according to scheme
1 or 2 above. Specifically, when the ring P has a structure of formula (P-1), (P-4) or
(P-5), a carboxylic acid corresponding to the structure of formula (P-1), (P-4) or (P-5) may be
used for esterification reaction in, for example, step 1-7 or step 2-7 instead of
1-methyl-piperidine-4-carboxylic acid. When the ring P has a structure of formula (P-2) or
(P-3), the compound represented by formula (1a) may be obtained by reacting, instead of step
1-7, compound a7 obtained in step 1-6, a carbonylation reagent (for example, a chloroformate
ester such as 4-nitrophenyl chloroformate), and N-alkylpiperazine or N-alkylhomopiperazine
(compound having the structure of formula (P-2) or (P-3)) in the presence of a base (see
Example A-8 below).
[0049] In synthesis of the compound of the present invention, unless the production of
starting materials is particularly recited, the compounds are known or may be prepared
according to similar methods that are well known in the art or as described in Examples
below. A person skilled in the art understands that the above schemes are merely typical
preparation methods of the compound of the present invention and can apply other
well-known methods.

[0050] In preparation of the compound of the present invention, protection of a functional
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group of a molecule may be necessary and/or desirable. This may be carried out with a
conventional protecting group that is well known to a person skilled in the art. The
protecting group may be eliminated according to a well-known method in the art at any
following appropriate stage. The protecting groups (such as a tert-butyl protecting group
and a benzyl protecting group) indicated in the above schemes may be replaced by other
protecting groups that are well known to a person skilled in the art.

[0051] (Lipid complex)

The present invention provides a lipid complex containing (I) the cationic lipid
described above and (II) at least one lipid selected from the group consisting of a neutral
lipid, a polyethylene glycol-modified lipid and a sterol. The lipid complex according to one
embodiment of the present invention contains (I) the cationic lipid described above, (II) at
least one lipid selected from the group consisting of a neutral lipid, a polyethylene
glycol-modified lipid and a sterol and (III) a nucleic acid. Thus, the lipid complex of the
present invention may or may not contain a nucleic acid. The lipid complex of the present
embodiment allows effective release of a nucleic acid into the cytoplasm. The lipid
complex of the present embodiment is prevented from an increase in the pérticle diameter
after the storage over a certain period of time (for example 1 month or 3 months) and may
exhibit excellent physical stability.

Examples of the form of the complex formed from the lipid containing the cationic
lipid and a nucleic acid include a complex of a nucleic acid and a membrane (reverse micelle)
formed from a lipid monolayer (single molecular layer), a complex of a nucleic acid and a
liposome, a complex of a nucleic acid and a micelle and the like. In the lipid complex
according to one embodiment of the present invention, a nucleic acid is encapsulated in a fine
particle formed with a lipid containing the cationic lipid.

[0052] The lipid complex of the present embodiment contains, based on the total lipid

N
(9, ]




content of the lipid complex, the cationic lipid at, for example, 10% to 100% by mole, such I
as 20% to 90% by mole, such as 40% to 80% by mole. The cationic lipid used may be used |
alone or as a mixture of two or more.

[0053] Examples of the nucleic acid include siRNA, miRNA, shRNA expression vector,
antisense oligonucleotide, mRNA, ribozyme and the like. In one embodiment, the nucleic
acid may be siRNA, miRNA or mRNA. ’
[0054] The lipid complex of the present embodiment contains, relative to the total weight of |
the lipid complex, the nucleic acid at, for example, 0.01% to 50% by weight, such as 0.1% to
30% by weight, such as 1% to 10% by weight.

[0055] The lipid complex of the present embodiment contains, as lipid components, (I) the
cationic lipid and (II) at least one lipid selected from the group consisting of a neutral lipid, a
polyethylene glycol-modified lipid and a sterol. The lipid complex of the present
embodiment contains, relative to the total weight of the lipid complex, the lipid components
at, for example, 50% to 100% by weight, such as 70% to 99.99- by weight, such as 90% to
99% by weight.

[0056] “Neutral lipid” means a lipid that exists in uncharged form or in neutral amphoteric
ion at a physiological pH. Examples of the neutral lipid include dioleoyl
phosphatidylethanolamine (DOPE), palmitoyl oleoyl phosphatidylcholine (POPC), egg
phosphatidylcholine (EPC), dimyristoyl phosphatidylcholine(DMPC), dipalmitoyl
phosphatidylcholine(DPPC), distearoyl phosphatidylcholine(DSPC), diarachidoyl
phosphatidylcholine(DAPC), dibehenoyl phosphatidylcholine(DBPC), dilignoceroyl
phosphatidylcholine(DLPC), dioleoyl phosphatidylcholine(DOPC), sphingomyelin,
ceramide, dioleoyl phosphatidylglycerol (DOPG), dipalmitoyl phosphatidylglycerol (DPPG),
phosphatidylethanolamine (POPE), dioleoyl-phosphatidylethanolamine

4-(N-maleimidomethyl)-cyclohexane-1-carboxylate (DOPE-mal) and the like. The neutral
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lipid may be used alone or as a mixture of two or more.

[0057] The lipid complex of the present embodiment may contain, based on the total lipid
content in the lipid complex, the neutral lipid at, for example, 0% to 50% by mole, such as
0% to 40% by mole, such as OL’A) to 30% by mole.

[0058] Examples of the polyethylene glycol-modified lipid include PEG2000-DMG
(PEG2000-dimyristyl glycerol), PEG2000-DPG (PEG2000-dipalmitoyl glycerol),
PEG2000-DSG (PEG2000-distearoyl glycerol), PEG5000-DMG (PEG5000-dimyristyl
glycerol), PEG5000-DPG (PEGSOOO-dipalmitoyi glycerol), PEG5000-DSG
(PEG5000-distearoyl glycerol), PEG-cDMA (N-[(methoxypoly(ethylene glycol)2000)
carbamyl]-1,2-dimyristyloxylpropyl-3-amine), PEG-C-DOMG (R-3-[(o-methoxy
-poly(ethylene glycol)2000)carbamoyl]-1,2-dimyristyloxylpropyl-3-amine), polyethylene
glycol (PEG)-diacyl glycerol (DAG), PEG-dialkyloxypropyl (DAA), PEG-phospholipid,
PEG-ceramide (Cer) and the like.

[0059] Examples of the PEG-dialkyloxypropyl include PEG-dilauryloxypropyl,
PEG-dimyristyloxypropyl, PEG-dipalmityloxypropyl, PEG-distearyloxypropyl and the like.
The polyethylene glycol-modified lipid may be used alone or as a mixture of two or more.
[0060] The lipid complex of the present embodiment may contain, based on the total lipid
content in the lipid complex, the polyethylene glycol-modified lipid at, for example, 0% to
30% by mole, such as 0% to 20% by mole, such as 0% to 10% by mole.

[0061] The sterol is an alcohol having a steroid back bone. Examples of the sterol include
cholesterol, dihydrocholesterol, lanosterol, f3-sitosterol, campesterol, stigmasterol,
brassicasterol, ergocasterol, fucosterol,
3B-[N-(N’,N’-dimethylaminoethyl)carbamoyl]cholesterol (DC-Chol) and the like. The
sterol may be used alone or as a mixture of two or more.

[0062] The lipid complex of the present embodiment may contain, based on the total lipid
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content in the lipid complex, the sterol at, for example, 0% to 90% by mole, such as 10% to

80% by mole, such as 20% to 50% by mole.

[0063] The lipid components in the lipid complex of the present embodiment may be
combined without any limitation, and examples of the combination include a combination of
the cationic lipid, the neutral lipid and the sterol described above, a combination of the
cationic lipid, the neutral lipid, the polyethylene glycol-modified lipid and the sterol
described above and the like.

[0064] (Composition)

In one embodiment, the present invention provides a composition containing (I) the
cationic lipid, (IT) at least one lipid sélected from the group consisting of a neutral lipid
described above, a polyethylene glycol-modified lipid and a sterol and (III) a nucleic acid.
The composition of the present embodiment allows efficient release of a nucleic acid into the
cytoplasm. The composition of the present embodiment may contain the lipid complex
described above, a pharmaceutically acceptable medium and optionally other additives. The
pharmaceutically acceptable medium and other additives are described hereinafter.

[0065] The composition of the present embodiment contains, based on the total lipid content
in the composition, the cationic lipid at, for example, 10% to 100% by mole, such as 20% to
90% by mole, such as 40% to 70% by mole. The cationic lipid may be used alone or as a
mixture of two or more.

[0066] Examples of the nucleic acid include those described above. The .composition of
the présent embodiment contains, relative to the total weight of the composition, the nucleic
acid at, for example, 0.01% to 50% by weight, such as 0.1% to 30% by weight, such as 1% to
10% by weight.

[0067] The composition of the present embodiment contains, as lipid components, (I) the

cationic lipid described above and (II) at least one lipid selected from the group consisting of

NS
oo



a neutral lipid, a polyethylene glycol-modified lipid and a sterol.

[0068] Examples of the neutral lipid include those described above. The composition of
the present embodiment may contain, based on the total lipid content in the composition, the
neutral lipid at, for example, 0% to 50% by mole, such as 0% to 40% by mole, such as 0% to
30% by mole.

[0069] Examples of the polyethylene glycol-modified lipid includes those described above.
The composition of the present embodiment may contain, based on the total lipid content in
the composition, the polyethylene glycol-modified lipid at, for example, 0% to 30% by mole,
such as 0% to 20% by mole, such as 0% to 10% by mole.

[0070] Examples of the sterol include those described above. The composition of the
present embodiment may contain, based on the total lipid content in the composition, the
sterol at, for example, 0% to 90% by mole, such as 10% to 80% by mole, such as 20% to
50% by mole.

[0071] The lipid components in the composition of the present embodiment may be
combined without any limitation, and examples thereof include a combination of the cationic
lipid, the neutral lipid and the sterol described above, a combination of the cationic lipid, the
neutral lipid, the polyethylene glycol-modified lipid and the sterol described above and the
like.

[0072] The composition of the present embodiment may contain, as other additives,
saccharides such as sucrose, glucose, sorbitol and lactose; amino acids such as glutamine,
glutamic acid, sodium glutamate and histidine; salts of acids such as citric acid, phosphoric
acid, acetic acid, lactic acid, carbonic acid and tartaric acid and the like.

[0073] The composition of the present embodiment may be formulated as a pharmaceutical
composition. Examples of the dosage form of the pharmaceutical composition include an

injectable.
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[0074] The composition of the present embodiment may be, for example, in a powder state
obtained by removing a solvent by freeze-drying or the like or in a liquid state. The
composition according to one embodiment of the present invention is a powder composition
containing the lipid complex according to the embodiment described above. The powder
composition may be prepared from a composition in a liquid state (dispersion) by removing a
solvent by, for example, filtration or centrifugation, or prepared by freeze-drying the
dispersion. 'When the composition is in a powder state, the composition may be suspended
or dissolved in a pharmaceutically acceptable medium before using the same as an injectable.
The composition according to one embodiment of the present invention is a liquid
composition containing the lipid complex according to the embodiment described above and
a pharmaceutically acceptable medium. When the composition is in a liquid state, the
composition may be used directly or as an injectable after dissolving the composition in a
pharmaceutically acceptable medium.

[0075] Examples of the pharmaceutically acceptable medium include sterile water; saline;
isotonic solutions containing an adjuvant such as glucose, D-sorbitol, D-mannose,
D-mannitol and sodium chloride; buffers such as phosphate buffer, citrate buffer and acetate
buffer; and the like. The composition of the present embodiment may further contain
additives including a dissolution adjuvant such as alcohols including ethanol, propylene
glycol and polyethylene glycol, a stabilizing agent, an antioxidant, an antiseptic, a vehicle
that is generally used in production of drugs, a filler, a bulking agent, a binding agent, a
bumectant, a disintegrating agent, a lubricant, a surfactant, a dispersant, a preservative, a
flavoring agent, a soothing agent and the like.

[0076] The composition may be administered to a patient by parenteral manners such as an
intra-arterial injection, an intravenous injection and a hypodermic injection. The dose of the

composition may vary according to the subject to be administered, the target organ, the
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symptom or the mode of administration. The subject to which the composition is
administered is not limited and the composition may be applied to various animals.
Particularly, the composition may be administered to a mammal, preferably a human and an
experimental animal in clinical tests, scréening and laboratory experiments.

[0077] The composition of the present embodiment forms a lipid complex containing a
nucleic acid encapsulated in fine particles formed with lipids containing the cationic lipid.
The “average particle diameter” of the lipid complex may be calculated according to any of
the volume average, the number average and the Z-average. In the composition of the
present embodiment, the lipid complex may have an average particle diameter (Z-average) of,
for example, 10 to 1000 nm, such as 30 to 500 nm, such as 30 to 200 nm.

The composition of the present embodiment is preferably such that the particle
diameter of the lipid complex hardly increases during a storage period compared to that
before the storage. For example, it is preferable that the average particle diameter
(Z-average) after a storage at 4°C for 3 months is preferably 1.3 times or less , more
preferably 1.2 times or less and particularly preferably 1.1 times or less of the particle
diameter before the storage.
[0078] From the viewpoint of suppressing nonspecific adsorption and immune reaction, the
composition of the present embodiment preferably has almost no surface charge in an
environment of pH of about 7.4 such as in blood. From the viewpoint of improving the
fusion efficiency with an endosomal membrane during incorporation into cells by
endocytosis, it is preferable that the composition is positively charged in an environment of
low pH (for example 3.5 to 7.0).
[0079] (Production method of composition)

In one embodiment, the present invention provides a method for producing a

composition, the method including: the step (a) of mixing a polar organic solvent-containing
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aqueous solution containing (I) the cationic lipid described above, (II) at least one lipid
selected from the group consisting of a neutral lipid, a polyethylene glycol-modified lipid and
a sterol with an aqueous solution containing (III) a nucleic acid to obtain a mixed solution;
and the step (b) of reducing a content percentage of the polar organic solvent in the mixed
solution. The production method according to the present embodiment allows production of
the composition that can effectively release a nucleic acid into the cytoplasm.

[0080] The lipid complex containing nucleic acids encapsulated in fine particles formed
with the lipids may be formed by the electrostatic interaction between water-soluble nucleic
acids and the cationic lipid and the hydrophobic interaction between lipids. For example, by
reducing the content percentage of the polar organic solvent in the mixed solution, the
solubility of lipid components including (I) the cationic lipid described above and (II) at least
one lipid selected from the group consisting of a neutral lipid, a polyethylene glycol-modified
lipid and a sterol in the polar organic solvent-containing aqueous solution may be changed,
thereby forming the lipid complex. Examples of the polar organic solvent include alcohols
such as ethanol.

[0081] First, in the step (a), a polar organic solvent-containing aqueous solution containing
(I) the cationic lipid and (II) at least one lipid selected from the group consisting of a neutral
lipid, a polyethylene glycol-modified lipid and a sterol dissolved therein and an aqueous
solution containing (III) a nucleic acid are mixed to obtain a mixed solution. The
concentration of the polar organic solvent in the polar organic solvent-containing aqueous
solution is not particularly limited as long as lipid molecules can be solubilized even after
being mixed with the aqueous solution of the nucleic acid. For example, the concentration
of the polar organic solvent in the polar organic solvent-containing aqueous solution in the
step (a) may be 0% to 60% by weight.

[0082] Next, in the step (b), water or the like is added to the mixed solution to reduce the
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content percentage of the polar organic solvent. As a result, the lipid complex may be
formed. In order to form the lipid complex effectively, it is preferable that the content
percentage of the polar organic solvent is rapidly reduced. For example, the concentration
of the polar organic solvent in the final polar organic solvent-containing aqueous solution in
the step (b) may be 0% to 5% by weight.

[0083] Alternatively, the mixed solution obtained in the step (a) may be subjected to
dialysis to remove the polar organic solvent and replace the solvent by a pharmaceutically
acceptable medium. Because the content percentage of the polar organic solvent in the
solution decreases during the dialysis process, the lipid complex may be formed as a result.
[0084] According to the method for producing the composition of the present embodiment,
the lipid complex containing a nucleic acid efficiently encapsulated in fine particles can be
obtained. The lipid complex may have excellent physical stability. For example, after the
storage over a certain period of time (for example 1 month or 3 months), an increase of the
particle diameter may be suppressed.

[0085] When the nucleic acid encapsulated in the composition is an oligonucleotide
therapeutic, the composition may be used as a pharmaceutical composition. For example,
the composition of the present invention may be used in the therapy (such as gene therapy)
for introducing a desired nucleic acid to the target cytoplasm (such as cytoplasm causing a
disease) in vivo or in vitro. Thus, the present invention according to one embodiment
provides a method (particularly a gene therapy method) of therapy of various diseases by
using the pharmaceutical composition containing the lipid complex. The subject to be
administered, the method and condition of administration are the same as above.

[0086] The present invention according to one embodiment may be a kit for delivering an
oligonucleotide therapeutic, containing the above anionic lipid. The kit may also be

preferably used in the therapy (such as gene therapy) of various target cells. In the kit of the
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present embodiment, the state of storage of the anionic lipid is not particularly limited, and

may be any state such as solution or powder by taking the stability (storage property),

convenience of use and the like into account. The kit of the present embodiment may
contain, in addition to the above anionic lipid, for example various nucleic acids, various
media (pharmaceutically acceptable media, buffers), an instruction (instruction manual) and
the like. The kit of the present embodiment is used for preparing a composition or a lipid
complex containing a desired nucleic acid to be introduced into target cells and lipids ‘
containing the above anionic lipid. The prepared composition or lipid complex may be
effectively used for delivery of the nucleic acid to the target cells. Further, the present
invention according to one embodiment may be a kit for delivering an oligonucleotide
therapeutic, containing a pharmaceutical composition that contains the anionic lipid. The kit
of the present embodiment may contain, in addition to the pharmaceutical composition, for

example, various media (pharmaceutically acceptable media), an instruction (instruction

manual) and the like.

EXAMPLES
[0087] The present invention is more specifically described hereinafter by way of
Examples, Production Examples and Test Examples. However, the present invention is not
limited to Examples. In Examples and Production Examples, the nomenclature of the
compounds is obtained on the software (product name “ChemDraw Ultra ver.12.0”, produced
by PerkinElmer Co., Ltd.).

All starting materials, reagents, acids, bases, dehydrating agents, solvents and
catalysts that are used for synthesis of the compounds of the present invention are
commercially available or may be produced according to the organic synthesis methods that

are well known to a person skilled in the art. Further, the compounds of the present



invention may be, as demonstrated in Examples below, produced according to the organic
synthesis methods that are well known to a person skilled in the art.
[0088] The abbreviations used in Examples are conventional and well known to a person
skilled in the art. Some of the abbreviations are indicated below.
DIPEA: N,N-Diisopropylethylamine
DMAP: 4-(Dimethylamino)pyridine
DMF: N,N-Dimethylformamide
EDC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
n-: Normal
tert-: Tertiary
EtOAc: Ethyl acetate
TFA: Trifluoroacetic acid
THF: Tetrahydrofuran
'H-NMR: Proton nuclear magnetic resonance spectrometry
[0089] In Examples and Production Examples below, “room temperature” indicates
generally from about 10°C to about 35°C. % indicates percent by weight unless otherwise
stated.
[0090] The chemical shifts of proton nuclear magnetic resonance spectrometry are recorded
in 8 unit (ppm) from tetramethylsilane. The abbreviations in the patterns are as indicated
below:

s: singlet, d: doublet, t: triplet, q: quartet, quin: quintet, m: multiplet, br: broad.

For chromatography, Parallel Prep produced by YAMAZEN Corporation {column:
produced by YAMAZEN Corporation, Hi-FlashTM Column (Silica gel), size; S (16 x 60
mm), M (20 x 75 mm), L (26 x 100 mm), 2L (26 x 150 mm)}, or flash automatic purification

system IsoleraTM produced by Biotage {column: SNAP Cartridge KP-Sil (10 g, 25 g, 50 g,
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100 g, 340 g)} was used.
[0091] A. Synthesis of cationic lipid
[Production Example 1]

Synthesis of 2-butyloctyl 9-bromononanoate
P (| —
W o
- " W\j\/ow Br
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[0092] 9-Bromononanoic acid (1.1 g, 4.7 mmol), DIPEA (0.91 mL, 5.3 mmol) and DMAP
(76 mg, 0.63 mmol) were dissolved in methylene chloride (13 mL) and under ice cooling,
EDC (1.0 g, 5.3 mmol) was added. 2-Butyl-1-octanol (0.58 g, 3.1 mmol) was added and the
mixture was stirred at room temperature for 2 hours. The reaction mixture was added with a
saturated sodium hydrogen carbonate aqueous solution and extracted with ethyl acetate.

The organic layer was washed with a saturated sodium chloride solution and dried over
anhydrous magnesium sulphate. Following filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified by silica gel column
chromatography (n-heptane/ethyl acetate) to obtain the titled compound (1.2 g, 2.96 mmol).

' H-NMR (400MHz,CDCl; )8(ppm):0.82-0.95(m,6H),1.17-1.49(m,24H),1.52-1.70(m,3H),1.7
5-1.93(m,2H),2.23-2.36(m,2H),3.34-3.47(m,2H),3.91-4.02(m,2H).

[0093] [Production Example 2]

Synthesis of benzyl 9-bromononanoate

©\/OH — @\/0\"/\/\/\/\/5'

o

[0094] Benzyl alcohol (0.50 mL, 4.84 mmol), 9-bromononanoic acid (1.38 g, 5.80 mmol)

and DMAP (59 mg, 0.48 mmol) were dissolved in methylene chloride (9.6 mL), and under
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ice cooling, EDC (1.16 g, 6.05 mmol) was added and the mixture was stirred at room
temperature for 2 hours. The reaction mixture was added with a saturated sodium hydrogen
carbonate aqueous solution and extracted with diethyl ether. The organic layer was washed
with a saturated sodium chloride solution and dried over anhydrous magnesium sulphate.
Following filtration, the solvent was removed by distillation under reduced pressure. The
residue was purified by silica gel column chromatography (h-heptane/ethyl acetate) to obtain
the titled compound (1.49 g, 4.55 mmol).

"H-NMR(400MHz,CDCl; )8(ppm): 1.22-1.48(m,8H),1.58-1.71(m,2H),1.78-1.90(m,2H),2.30-
2.40(m,2H),3.35-3.44(m,2H),5.12(s,2H),7.26-7.45(m,5H).

[0095] [Production Example 3]

Synthesis of benzyl 8-bromooctanoate

OH —_— Q/O\gf\/\/\/\ Br

[0096] According to the method in Production Example 2, the titled compound (4.8 g, 15.3
mmol) was obtained from benzyl alcohol (1.85 mL, 17.9 mmol), 8-bromooctanoic acid (4.0 g,
17.9 mmol), EDC (3.78 g, 19.7 mmol), DMAP (0.22 g, 1.79 mmol) and methylene chloride
(36 mL).

' H-NMR(400MHz,CDCl;3 )3(ppm):1.22-1.48(m,6H),1.58-1.71(m,2H),1.78-1.90(m,2H),2.30-
2.38(m,2H),3.33-3.45(m,2H),5.12(s,2H),7.28-7.44(m,5H).

[0097] [Production Example 4]

Synthesis of 8-pentyltridecan-1-ol
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7-Bromoheptanoic acid (2.0 g, 9.57 mmol) and triphenylphosphine (2.5 g, 9.57
mmol) were suspended in acetonitrile (20 mL) and refluxed under heating for 18 hours.
After cooled to room temperature, the reaction mixture was concentrated under reduced
pressure to obtain the titled cofnpound (4.1 g, 8.66 mmol).
' H-NMR(600MHz,DMSO-d6)8(ppm): 1.22-1.59(m,8H),2.12-2.25(m,2H),3.47-3.62(m,2H),7.
19-7.28(m,2H),7.34-7.44(m,2H),7.71-7.85(m,10H),7.85-7.94(m,3H),11.97(br s,1H).

[0099] (2) Synthesis of 8-pentyl-7-tridecenoic acid

“Br o
i ,IJE:/\/\/\)LOH - A/D\/\/\/\H/OH
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The compound (4.65 g, 9.87 mmol) obtained in Production Example 4-(1) was
dissolved in THF (15 mL) and sodium bis(trimethylsilyl)amide/THF solution (1 M, 19.7 mL,

19.7 mmol) was added at room temperature in a nitrogen atmosphere. The reaction solution
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was heated to 45°C and then stirred for 30 minutes. A solution of undecan-6-one (1.7 mL,
8.22 mmol) in THF (5 mL) was added dropwise followed by reflux by heating. The
reaction mixture was stirred for 22 hours, and then hydrochloric acid (2 M) was carefully
added until pH 2. After addition of water (100 mL) and extraction with diethyl ether, the
organic layer was dried over anhydrous magnesium sulphate. Following filtration, the
solvent was removed by distillation under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate/cyclohexane) to obtain a 1:1 mixture (1.36
g) of the titled compound and undecan-6-one.

' H-NMR (600MHz,DMSO0-d6)5(ppm):0.80-0.89(m,6H),1.16-1.38(m, 18H),1.43-1.53(m,2H),
1.89-1.99(m,4H),2.17(t,J=7.43Hz,2H),5.07(t,J=6.90Hz,1H),11.83(br s,1H).

- [0100] (3) Synthesis of 8-pentyltridecylic acid

./:DWW\TDH - /::O\/\Mﬂ,%
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The compound (1.36 g) obtained in Production Example 4-(2) and 10%

palladium-carbon (0.06 g, 0.060 mmol) were suspended in ethanol (5 mL), and the

suspension was stirred for 18 hours in a hydrogen atmosphere at room temperature under

normal pressure. The reaction mixture was filtered through Celite and washed with ethanol.

The filtrate was concentrated under reduced pressure to obtain the titled compound (0.60 g,
2.18 mmol).

' H-NMR (600MHz,DMSO-d6)8(ppm):0.85(t,J=7.1Hz,6H),1.14-1.32(m,25H),1.42-1.52(m,2
H),2.18(t,J=7.43Hz,2H).

[0101] (4) Synthesis of 8-pentyltridecan-1-ol
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To a lithium aluminium hydride/THF solution (2.4 M, 1.3 mL, 3.15 mmol), in a
nitrogen atmosphere, a solution of the compound (1.36 g) obtained in Production Example
4-(3) in THF (5 mL) was added dropwise under ice cooling.  After stirring at room
temperature for 2 hours, hydrochloric acid (1 M, 8 mL) was added dropwise and the mixture
was stirred for 1 hour. The organic layer was extracted with diethyl ether and then washed
sequentially with a saturated sodium hydrogen carbonate aqueous solution and a saturated
sodium chloride solution and dried over anhydrous magnesium sulphate. Following
filtration, the solvent was removed by distillation under reduced pressure. The residue was
purified by silica gel column chromatography (ethyl acetate/cyclohexane) to obtain the titled
compound (0.28 g, 1.02 mmol).

' H-NMR(600MHz,CDCl; )8(ppm):0.88(t,J=7.24Hz,6H),1.13-1.41(m,28H),1.54-1.60(m,2H),
3.59-3.68(m,2H).

[0102] [Production Example 5]

Synthesis of 4-nonyltridecan-1-ol

o nl Qe

|
Br~"oH #———» s

[0103] (1) Synthesis of (3-bromopropoxy)(tert-butyl)dimethylsilane
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3-Bromo-1-propanol (6.5 mL, 71.9 mmol) was dissolved in methylene chloride (250
mL) and imidazole (7.84 g, 115.0 mmol) was added at room temperature and completely
dissolved. Tert-butyldimethylsilyl chloride (13.0 g, 86.3. mmol) was added and the mixture
was stirred at room temperature for 3 days. The reaction solution was filtered and then
concentrated under reduced pressure. The residue was added with diethyl ether (300 mL),
washed sequentially with a saturated sodium hydrogen carbonate aqueous solution and a
saturated sodium chloride solution and dried over anhydrous magnesium sulphate.
Following filtration, the solvent was removed by distillation under reduced pressure. The
residue was purified by silica gel column chromatography (cyclohexane) to obtain the titled
compound (16.2 g, 64.0 mmol).
" H-NMR(600MHz,CDCl; )(ppm):0.08(s,6H),0.91(s,9H),2.05(quin,J=6.05Hz,2H),3.53(t,J=6
42Hz,2H),3.75(t,J=5.69Hz,2H).

[0104] (2) Synthesis of {3-[(tert-butyldimethylsilyl)oxy]propyl}triphenylphosphonium
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According to the method in Production Example 4-(1), the titled compound (21.2 g,
41.1 mmol) was obtained from the compound (16.2 g, 63.9 mmol) obtained in Production
Example 5-(1), triphenylphosphine (16.8 g, 63.9 mmol) and acetonitrile (125 mL).
! H-NMR (600MHz,DMSO-d6)8(ppm):0.01(s,6H),0.84(s,9H),1.65-1.75(m,2H),3.48-3.57(m,2

H),3.69(t,J=6.14Hz,2H),7.73-7.84(m,12H),7.87-7.93(m,3H).
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[0105] (3) Synthesis of tert-butyldimethyl[ (4-nonyl-3-tridecen-1-yl)oxy]silane

The compound (4.38 g, 8.50 mmol) obtained in Production Example 5-(2) was
dissolved in THF (15 mL) and in a nitrogen atmosphere, a sodium
bis(trimethylsilyl)amide/THF solution (1 M, 8.5 mL, 8.5 mmol) was added at room
temperature. The reaction solution was heated to 45°C and then stirred for 30 minutes. A
solution of nonadecan-10-one (2.0 g, 7.08 mmol) in THF (10 mL) was added dropwise and
refluxed under heating for 21 hours. The reaction mixture was cooled to room temperature,
then added with diethyl ether and washed sequentially with water and a saturated sodium
chloride solution and the organic layer was dried over anhydrous magnesium sulphate.
Following filtration, the solvent was removed by distillation under reduced pressure. The \
residue was purified by silica gel column chromatography (cyclohexane) to obtain the titled
compound (1.16 g).
' H-NMR(600MHz,CDCl; )8(ppm):0.07(s,6H),0.90(m, 15H),1.21-1.41(m,28H),1.92-2.04(m, 4
H),2.24(q,J=7.34Hz,2H),3.58(t,J=7.24 Hz,2H),5.09(t,J=7.15Hz,1 H).

[0106] (4) Synthesis of 4-nonyltridecan-1-ol
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The compound (1.16 g, 2.64 mmol) obtained in Production Example 5-(3) and 10%

palladium-carbon (0.28 g, 0.26 mmol) were suspended in ethyl acetate (10 mL) and acetic
acid (0.15 mL, 2.64 mmol) and the suspension was stirred in a hydrogen atmosphere at room

temperature for 18 hours. The reaction mixture was filtered through Celite and washed with
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ethanol, and the filtrate was then concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (ethyl acetate/cyclohexane) to obtain the titled
compound (0.35 g, 1.08 mmol).

' H-NMR(600MHz,DMSO0-d6)8(ppm):0.80-0.90(m,6H),1.13-1.30(m,35H),1.32-1.39(m,2H),
3.32-3.38(m,2H),4.30(t,J=5.23Hz,1H).

[0107] [Production Example 6]

Synthesis of 4-heptylundecan-1-ol
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According to the method in Production Example 5-(3), the titled compound (0.83 g,
2.17 mmol) was obtained from
{3-[(tert-butyldimethylsilyl)oxy]propyl } triphenylphosphonium bromide (3.0 g, 5.83 mmol),
THF (10 mL), sodium bis(trimethylsilyl)amide/THF solution (1 M, 5.8 mL, 5.8 mmol) and
pentadecan-8-one (1.1 g, 4.86 mmol).
' H-NMR(600Hz,CDCl; )(ppm):0.07(s,6H),0.84-0.95(m, 1 5H),0.89(s, 1 H),1.21-1.41(m,20H),
1.92-2.05(m,4H),2.24(q,J=7.34Hz,2H),3.58(t,J=7.24Hz,2H),5.09(t,}=7.24Hz,1 H).

[0109] (2) Synthesis of 4-heptylundecan-1-ol
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According to the method in Production Example 5-(4), the titled compound (0.42 g, ‘
1.56 mmol) was obtained from the compound (0.83 g, 2.17 mmol) obtained in Production
Example 6-(1), 10% palladium-carbon (0.23 g, 0.22 mmol), ethyl acetate (10 mL) and acetic
acid (0.25 mL, 4.35 mmol).
! H-NMR (600MHz,DMSO-d6)8(ppm):0.82-0.89(m,6H),1.14-1.31(m,27H),1.33-1.39(m,2H), -
3.32-3.38(m,2H),4.30(t,J=5.14 Hz,1H).
[0110] [Production Example 7]

Synthesis of 4-pentylnonan-1-ol
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[0111] (1) Synthesis of tert-butyldimethylsilyl[(4-pentyl-3-nonen-1-yl)oxy]silane

AN

According to the method in Production Example 5-(3), the titled compound (1.16 g)
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was obtained from {3-[(tert-butyldimethylsilyl)oxy]propyl }triphenylphosphonium bromide
(5.0 g, 9.72 mmol), THF (4 mL), sodium bis(trimethylsilyl)amide/THF solution (1 M, 9.7
mL, 9.7 mmol) and undecan-6-one (1.7 mL, 8.10 mmol).

' H-NMR(600Hz,CDCl3 )(ppm):0.07(s,6H),0.90(m, 15H),1.19-1.43(m,13H),1.92-2.05(m,4H
),2.21-2.29(m,2H),3.58(t,J=7.24Hz,2H),5.10(t,J=7.15Hz,1H).

[0112] (2) Synthesis of 4-pentylnonan-1-ol
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According to the method in Production Example 5-(4), the titled compound (0.22 g,
1.02 mmol) was obtained from the compound (1.12 g, 3.43 mmol) obtained in Production
Example 7-(1), 10% palladium-carbon (0.37 g, 0.34 mmol), ethyl acetate (15 mL) and acetic
acid (0.39 mL, 6.86 mmol).
' H-NMR (600MHz, DMSO-d6)3(ppm):0.87-0.93(m,6H),1.18-1.36(m,19H),1.37-1.45(m,2H),
3.36-3.42(m,2H),4.35(t,J=5.23Hz,1 H).
[0113] [Production Example §]
Synthesis of benzyl 4-bromobutanoate
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Benzyl alcohol (2.84 mL, 27.3 mmol), 4-bromobutanoic acid (5.01 g, 30.0 mmol)
and DMAP (0.33 g, 2.73 mmol) were dissolved in methylene chloride (50 mL), added with
EDC (6.5 g, 34.1 mmol) under ice cooling and stirred at room temperature for 2.5 hours.
The reaction mixture was concentrated under reduced pressure and then dissolved in diethyl
ether. The solution was washed sequentially with a saturated sodium hydrogen carbonate
aqueous solution, water and a 10% citric acid aqueous solution and dried over anhydrous
magnesium sulphate. Following filtration, the solvent was removed by distillation under
reduced pressure to obtain the titled compound (6.41 g, 24.9 mmol).

' H-NMR (600MHz,CDCl3 )8(ppm):2.20(quin,J=6.83Hz,2H),2.56(t,]=7.15Hz,2H),3.46(t,]=6.
51Hz,2H),5.13(s,2H),7.28-7.42(m,5H).
[0114] [Production Example 9]

Synthesis of benzyl 6-bromohexanoate
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According to the method in Production Example 8, the titled compound (5.43 g, 19.0
mmol) was obtained from benzyl alcohol (1.93 mL, 18.5 mmol), 6-bromohexanoic acid (4.33
g, 22.2 mmol), DMAP (0.23 g, 1.85 mmol), EDC (4.43 g, 23.1 mmol) and methylene
chloride (35 mL).
: H-NMR(600MHz,CDCl; )3(ppm):1.44-1.51(m,2H),1.64-1.72(m,2H),1.83-1.90(m,2H),2.38(
t,J=7.43 Hz,2H),3.39(t,J=6.69 Hz,2H),5.12(s,2H),7.30-7.40(m,5H).
[0115] [Production Example 10]

Synthesis of (1R,5S,6r)-3-methyl-3-azabicyclo[3.1.0]hexane-6-carboxylic acid hydrochloride
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[0116] (1) Synthesis of (1R,5S,6r)-ethyl 3-methyl-3-azabicyclo[3.1.0]hexane-6-carboxylate

(1R,58S,61)-Ethyl 3-azabicyclo[3.1.0]hexane-6-carboxylate (CAS 174456-77-0) (0.89
g, 5.74 mmol) was dissolved in THF (20 mL), to which acetic acid (0.49 mL, 8.6 mmol) and
a formaldehyde solution (11.7 mL, 161.5 mol) were sequentially added at room temperature,
and the mixture was stirred for 30 minutes. Sodium tri(acetoxy)borohydride (2.43 g, 11.5
mmol) was added and the mixture was stirred at room temperature for 3 hours. The reaction
mixture was concentrated under reduced pressure, then added with a saturated sodium
hydrogen carbonate aqueous solution and extracted with methylene chloride. The mixture
was dried over anhydrous sodium sulphate. Following filtration, the solvent was removed
by distillation under reduced pressure. The residue was purified by silica gel column

chromatography (methylene chloride/methanol) to obtain the titled compound (0.70 g, 4.14
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mmol).
"H-NMR(400MHz,CDCl; )8(ppm):1.25(t,J=7.2Hz,3H),1.94(br s,2H),2.01(br
s,1H),2.29(s,3H),2.35(d,J=9.2Hz,2H),3.05(d,J=9.2Hz,2H),4.09(q,J=7.2Hz,2H).
[0117] (2) Synthesis of (1R,58S,6r)-3-methyl-3-azabicyclo[3.1.0]hexane-6-carboxylic acid
hydrochloride

Concentrated hydrochloric acid (10 mL) was added to the compound (0.60 g, 3.55
mmol) obtained in Production Example 10-(1) and stirred at 70°C for 12 hours. The
reaction mixture was concentrated under reduced pressure to obtain the titled compound
(0.52 g, 3.05 mmol).
' H-NMR (400MHz,DMSO-d6)8(ppm):2.14(br s,2H),2.25(br s,1H),2.74(br
s,3H),3.25-3.37(m,2H),3.56-3.67(m,2H),10.91(br s,1H),12.49(br s,1H).
[0118] [Production Example 11]

Synthesis of (1R,58S,6s)-3-methyl-3-azabicyclo[3.1.0]hexane-6-carboxylic acid hydrochloride
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[0119] (1) Synthesis of (1R,5S,6s)-ethyl 3-methyl-3-azabicyclo[3.1.0]hexane-6-carboxylate
According to the method in Production Example 10-(1), the titled compound (2.5 g,
14.8 mmol) was obtained from (1R,5S,6s)-ethyl 3-azabicyclo[3.1.0]hexane-6-carboxylate
(CAS 1144099-54-6) (2.5 g, 16.1 mmol), acetic acid (1.4 mL, 24.2 mmol), a formaldehyde
solution (10.0 mL, 134.3 mmol), sodium tri(acetoxy)borohydride (6.8 g, 32.2 mmol) and
THF (50 mL).
' H-NMR (400MHz,CDCl; )8(ppm):1.23(t,J=7.1Hz,3H),1.48-1.68(m,3H),2.22(s,3H),2.33(br
d,J=8.8Hz,2H),3.02(d,J=8.8Hz,2H),4.10(q,J=7.1Hz,2H).

[0120] (2) Synthesis of (1R,58S,6s)-3-methyl-3-azabicyclo[3.1.0]hexane-6-carboxylic acid
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hydrochloride

According to the method in Production Example 10-(2), the titled compound (350
mg, 1.97 mmol) was obtained from the compound (500 mg, 2.96 mmol) obtained in
Production Example 10-(2) and concentrated hydrochloric acid (10 mL).
' H-NMR (400MHz,DMSO-d6)8(ppm): 1.88-1.94(m,0.45H),1.94-2.00(m,0.55H),2.35-2.45(m,
2H),2.68(br s,1.65H),2.67(br s,1.35H),3.08-3.18(m,1.1H),3.45-3.57(m,0.9H),3.73-3.88(m,
2H),9.16(br s,1H),11.52(br s,1H).
[0121] (Synthesis of cationic lipid (1))
[Example A-1]
2-{9-[(2-Butyloctyl)oxy]-9-oxononyl } dodecyl 1-methylpiperidine-4-carboxylate (cationic
lipid 1)
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[0122] (1) Synthesis of 1,1-di-tert-butyl 9-(2-butyloctyl)nonane-1,1,9-tricarboxylate

60% Sodium hydride (59 mg, 1.48 mmol) was suspended in 1,4-dioxane (6.5 mL), to
which di-tert-butyl malonate (0.30 mL, 1.35 mmol) was gradually added at room
temperature, and the mixture was stirred for 20 minutes. The compound (573 mg, 1.41
mmol) obtained in Production Example 1 was added with 1,4-dioxane (1 mL) and the
mixture was stirred at 70°C for 3 hours and 95°C for 15 hours. The reaction mixture was
cooled in an ice water bath, added with a saturated ammonium chloride aqueous solution and

extracted with n-heptane. The organic layer was washed with a saturated sodium chloride
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solution and dried over anhydrous magnesium sulphate. Following filtration, the solvent
was removed by distillation under reduced pressure. The residue was purified by silica gel
column chromatography (n-heptane/ethyl acetate) to obtain the titled compound (490 mg,
0.91 mmol).
" H-NMR(400MHz,CDCl; )8(ppm):0.80-0.98(m,6H),1.18-1.38(m,24H),1.39-1.54(m,2H), 1 .4
6(s,18H),1.55-1.69(m,3H),1.71-1.87(m,2H),2.24-2.35(m,2H),3.06-3.15(m,1 H),3.91-4.02(m,2
H).
[0123] (2) Synthesis of 9,9-di-tert-butyl 1-(2-butyloctyl)nonadecane-1,9,9-tricarboxylate
The compound (490 mg, 0.91 mmol) obtained in Example A-1-(1) was dissolved in
1,4-dioxane (4 mL), to which 60% sodium hydride (47 mg, 1.18 mmol) was added under
water cooling, and the mixture was stirred at room temperature for 5 minutes. 1-Ilododecane
(0.39 mL, 1.81 mmol) was added and the mixture was stirred at 80°C for 15 hours. The
reaction mixture was cooled in an ice water bath, added with a saturated ammonium chloride
aqueous solution and extracted with n-heptane. The organic layer was washed with a
saturated sodium chloride solution and dried over anhydrous magnesium sulphate.
FolloWing filtration, the solvent was removed by distillation under reduced pressure. The
residue was purified by silica gel column chromatography (n-heptane/ethyl acetate) to obtain
the titled compound (450 mg, 0.66 mmol).
' H-NMR (400MHz,CDCl; )(ppm):0.80-0.96(m,9H),1.05-1.36(m,40H),1.39-1.49(m,2H), 1.4
4(s,18H),1.53-1.68(m,3H),1.70-1.82(m,4H),2.23-2.34(m,2H),3.92-4.01(m,2 H).
[0124] (3) Synthesis of 2-{9-[(2-butyloctyl)oxy]-9-oxononyl } dodecanoic acid
The compound (450 mg, 0.66 mmol) obtained in Example A-1-(2) was dissolved in
methylene chloride (2 niL), to which TFA (1 mL) was added under ice cooling and the
mixture was stirred at room temperature for 1.5 hours. To the reaction mixture was added

toluene and the solvent was distilled off under reduced pressure. Addition and distillation of
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toluene was repeated twice to dry the reaction, thereby obtaining a crude product of
2-{9-[(2-butyloctyl)oxy]-9-oxononyl }-2-decylmalonic acid. = The obtained crude product
was dissolved in xylene (5 mL) and the solution was stirred at 150°C for 8 hours. The
reaction mixture was cooled to room temperature and concentrated under reduced pressure.
The obtained residue was purified by column chromatography (n-heptane/ethyl acetate) to
obtain the titled compound (240 mg, 0.46 mmol).
' H-NMR (400MHz,CDCl3 )3(ppm):0.80-0.97(m,9H),1.16-1.70(m,49H),2.22-2.41(m,3H),3.9
2-4.02(m,2H).
[0125] (4) Synthesis of 2-butyloctyl 10-(hydroxymethyl)icosanoate

The compound (240 mg, 0.46 mmol) obtained in Example A-1-(3) was dissolved in
THF (4 mL), to which 0.92M borane-THF complex (0.75 mL, 0.69 mmol) was added
dropwise at -15°C, and the mixture was stirred at 0°C for 2 hours. A saturated sodium
hydrogen carbonate aqueous solution was added and the mixture was stirred at room
temperature for 5 minutes and extracted with ethyl acetate. The organic layer was washed
with a saturated sodium chloride solution and dried over anhydrous magnesium sulphate.
Following filtration, the solvent was removed by distillation under reduced pressure. The
residue was purified by silica gel column chromatography (n-heptane/ethyl acetate) to obtain
the titled compound (197 mg, 0.39 mmol).
' H-NMR(400MHz,CDCl3 )5(ppm):0.80-0.98(m,9H),1.10-1.39(m,46H),1.39-1.50(m, 1H),1.5
4-1.69(m,4H),2.23-2.36(m,2H),3.48-3.59(m,2H),3.92-4.02(m,2H).
[0126] (5) Synthesis of 2-{9-[(2-butyloctyl)oxy]-9-oxononyl}dodecyl 1-methylpiperidine
-4-carboxylate

The compound (38 mg, 0.074 mmol) obtained in Example A-1-(4), DIPEA (0.054
mL, 0.31 mmol), 1-methyl-piperidine-4-carboxylic acid hydrochloride (27 mg, 0.15 mmol)

and DMAP (1.8 mg, 0.015 mmol) were dissolved in methylene chloride (0.8 mL), to which
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EDC (31 mg, 0.16 mmol) was added under ice cooling, and the mixture was stirred at room
temperature for 15 hours. The reaction mixture was added with a saturated sodium
hydrogen carbonate aqueous solution and extracted with chloroform. The organic layer was
washed with a saturated sodium chloride solution and dried over anhydrous ﬁlagnesium
sulphate. Following filtration, the solvent was removed by distillation under reduced
pressure. The residue was purified by silica gel column chromatography (n-heptane/ethyl
acetate/methanol) to obtain the titled compound (38 mg, 0.060 mmol).

' H-NMR (400MHz,CDCl; )8(ppm):0.77-0.97(m,9H),1.13-1.41(m,46H),1.50-1.69(m,4H),1.6
9-1.85(m,2H),1.85-2.09(m,4H),2.18-2.35(m,3H),2.27(s,3H),2.72-2.88(m,2H),3.90-4.03(m,4
H).

[0127] (Synthesis of cationic lipid (2))

[Example A-2]

2-{9-0Ox0-9-[(3-pentyloctyl)oxy]|nonyl }dodecyl 1-methylpiperidine-4-carboxylate (cationic

lipid 2)
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[0128] (1) Synthesis of 9-benzyl 1,1-di-tert-butyl nonane-1,1,9-tricarboxylate
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60% Sodium hydride (83 mg, 2.07 mmol) was suspended in 1,4-dioxane (9.4 mL), to
which di-tert-butyl malonate (0.42 mL, 1.88 mmol) was gradually added at room
temperature, and the mixture was stirred for 10 minutes. The compound (650 mg, 1.99
mmol) obtained in Production Example 2 was added and the mixture was stirred at 95°C for
13 hours. The reaction mixture was cooled in an ice water bath, added with a saturated
ammonium chloride aqueous solution and extracted with n-heptane. The organic layer was
washed with a saturated sodium chloride solution and dried over anhydrous magnesium
sulphate. Following filtration, the solvent was removed by distillation under reduced
pressure. The residue was purified by silica gel column chromatography (n-heptane/ethyl
acetate) to obtain the titled compound (536 mg, 1.16 mmol).

[0129] (2) Synthesis of 1-benzyl 9,9-di-tert-butyl nonadecane-1,9,9-tricarboxylate

According to the method in Example A-1-(2), the titled compound (470 mg, 0.78
mmol) was obtained from the compound (590 mg, 1.28 mmol) obtained in Example A-2-(1),
1-iododecane (0.54 mL, 2.55 mmol), 65% sodium hydride (71 mg, 1.91 mmol) and
1,4-dioxane (5 mL).

' H-NMR(400MHz,CDCl; )(ppm):0.83-0.93(m,3H),1.05-1.36(m,26H),1.44(s,18H),1.57-1.6
8(m,2H),1.71-1.82(m,4H),2.29-2.39(m,2H),5.11(s,2H),7.28-7.42(m,5H).
[0130] (3) Synthesis of 2-[9-(benzyloxy)-9-oxononyl]dodecanoic acid

According to the method in Example A-1-(3), the titled compound (286 mg, 0.64
mmol) was obtained from the compound (470 mg, 0.78 mmol) obtained in Example A-2-(2),
methylene chloride (2 mL), TFA (1 mL) and xylene (2 mL).

' H-NMR(400MHz,CDCl; )3(ppm):0.81-0.95(m,3H),1.18-1.37(m,26H),1.39-1.52(m,2H),1.5
4-1.69(m,4H),2.28-2.41(m,3H),5.11(s,2H),7.28-7.40(m,5H).
[0131] (4) Synthesis of benzyl 10-(hydroxymethyl)icosanoate

According to the method in Example A-1-(4), the titled compound (223 mg, 0.52
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mmol) was obtained from the compound (285 mg, 0.64 mmol) obtained in Example A-2-(3),
0.92M borane-THF complex (1.0 mL, 0.96 mmol) and THF (3.2 mL).
"H-NMR (400MHz,CDCl; )S(pp.m):O.S 1-0.95(m,3H),1.12-1.38(m,31H),1.39-1.50(m,1H),1.5
8-1.72(m,2H),2.23-2.36(m,2H),3.48-3.59(m,2H),5.11(s,2H),7.28-7.41(m,5H).
[0132] (5) Synthesis of 2-[9-(benzyloxy)-9-oxononyl]dodecyl 1-methylpiperidine
-4-carboxylate

According to the method in Example A-1-(5), the titled compound (128 mg, 0.23
mmol) was obtained from the compound (114 mg, 0.26 mmol) obtained in Example A-2-(4),
1-methyl-piperidine-4-carboxylic acid hydrochloride (95 mg, 0.53 mmol), EDC (111 mg,
0.58 mmol), DIPEA (0.090 mL, 0.53 mmol), DMAP (6.4 mg, 0.053 mmol) and methylene
chloride (1.3 mL).
' H-NMR (400MHz,CDCl3 )8(ppm):0.81-0.96(m,3H),1.15-1.41(m,31H),1.52-1.70(m,2H),1.7
0-1.84(m,2H),1.85-2.06(m,4H),2.1 8-2.40(m,3H),2.27(s,3H),2.73-2. 89(m,2H),3.92-4.03(m,2
H),5.12(s,2H),7.28-7.44(m,5H).
[0133] (6) Synthesis of 10-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}icosanoic acid

The compound (127 mg, 0.23 mmol) obtained in Example A-2-(5) was dissolved in
ethyl acetate (2 mL), to which 10% palladium-carbon (24 mg, containing 50% water) was
added at room temperature, and the mixture was stirred in a hydrogen atmosphere under
normal pressure for 3 hours. The reaction solution was filtered and washed with ethyl
acetate. The filtrate was concentrated under reduced pressure, the obtained residue was
purified by column chromatography (chloroform/methanol) to obtain the titled compound (94
mg, 0.20 mmol).
" H-NMR (400MHz,CDCl; }8(ppm):0.81-0.95(m,3H),1.12-1.44(m,31H),1.53-1.71(m,2H),1.7
4-1.95(m,2H),1.97-2.10(m,2H),2.11-2.37(m,5H),2.40(s,3H),3.1 1-3.28(m,2H),3.79-3.92(m,1

H),4.14-4.25(m, 1 H).
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[0134] (7) Synthesis of 2-{9-0x0-9-[(3-pentyloctylJoxy|nonyl } dodecyl 1-methylpiperidine
-4-carboxylate

According to the method in Production Example 2, the titled compound (103 mg,
0.16 mmol) was obtained from the compound (93 mg, 0.20 mmol) obtained in Example

A-2-(6), 3-pentyloctan-1-ol (CAS 1443519-63-8) (60 mg, 0.30 mmol), EDC (42 mg, 0.22

mmol), DMAP (4.9 mg, 0.040 mmol) and methylene chloride (1.5 mL).

' H-NMR (400MHz,CDCl; )8(ppm):0.82-0.95(m,9H),1.14-1.46(m,46H),1.50-1.68(m,6H),1.7
0-1.84(m,2H),1.85-2.06(m,4H),2.19-2.33(m,3H),2.27(s,3H),2.74-2.87(m,2H),3.93-4.02(m,2
H),4.03-4.14(m,2H).

[0135] (Synthesis of cationic lipid (3))

[Example A-3]

2-Nonyl-11-o0x0-11-[(3-pentyloctyl)oxyJundecyl 1-methylpiperidine-4-carboxylate (cationic

lipid 3)
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[0136] (1) Synthesis of 1-benzyl 9,9-di-tert-butyl octadecane-1,9,9-tricarboxylate

The compound (536 mg, 1.16 mmol) obtained in Example A-2-(1) was dissolved in
THF (6 mL), to which 60% sodium hydride (58 mg, 1.45 mmol) was added under water
cooling, and the mixture was stirred at room temperature for 5 minutes. 1-Iodononane (0.23
mL, 1.16 mmol) was added and the mixture was stirred at 80°C for 20 hours. The reaction
mixture was cooled in an ice water bath, added with a saturated ammonium chloride aqueous
solution and extracted with n-heptane. The organic layer was washed with a saturated
sodium chloride solution and dried over anhydrous magnesium sulphate. Following
filtration, the solvent was removed by distillation under reduced pressure. The residue was
purified by silica gel column chromatography (n-heptane/ethyl acetate) to obtain the titled
compound (340 mg, 0.577 mmol).
' H-NMR(400MHz,CDCl; )8(ppm):0.82-0.92(m,3H),1.03-1.36(m,24H),1.44(s, 18H),1.57-1.6
8(m,2H),1.71-1.81(m,4H),2.28-2.40(m,2H),5.11(s,2H),7.28-7.41(m,5H).
[0137] (2) Synthesis of 11-(benzyloxy)-2-nonyl-11-oxoundecanoic acid

According to the method in Example A-1-(3), the titled compound (96 mg, 0.22
mmol) was obtained from the compound (340 mg, 0.58 mmol) obtained in Example A-3-(1),
methylene chloride (2 mL), TFA (1 mL) and xylene (2 mL).
! H-NMR (400MHz,CDCl;3 )8(ppm):0.80-0.95(m,3H),1.12-1.74(m,30H),2.28-2.41(m,3H),5.1
1(s,2H),7.28-7.40(m,SH).
[0138] (3) Synthesis of benzyl 10-(hydroxymethyl)nonadecanoate

According to the method in Example A-1-(4), the titled compound (80 mg, 0.19
mmol) was obtained from the compound (96 mg, 0.22 mmol) obtained in Example A-3-(2),
0.92M borane-THF complex (0.36 mL, 0.33 mmol) and THF (1.1 mL).
! H-NMR (400MHz,CDCl; )8(ppm):0.81-0.94(m,3H),1.09-1.38(m,29H),1.38-1.50(m, 1 H),1.5

8-1.71(m,2H),2.30-2.40(m,2H),3.48-3.58(m,2H),5.11(s,2H),7.29-7.42(m,5H).
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[0139] (4) Synthesis of 11-(benzyloxy)-2-nonyl-11-oxoundecyl 1-methylpiperidine
-4-carboxylate

According to the method in Example A-1-(5), the titled compound (97 mg, 0.18
mmol) was obtained from the compound (80 mg, 0.19 mmol) obtained in Example A-3-(3),
1-methyl-piperidine-4-carboxylic acid hydrochloride (69 mg, 0.38 mmol), EDC (81 mg, 0.42
mmol), DIPEA (0.066 mL, 0.38 mmol), DMAP (4.7 mg, 0.038 mmol) and methylene
chloride (1.0 mL).
' H-NMR (400MHz,CDCl; )8(ppm):0.83-0.94(m,3H),1.15-1.39(m,29H),1.52-1.70(m,2H),1.7
0-1.85(m,2H),1.85-2.07(m,4H),2.19-2.40(m,3H),2.27(s,3H),2.73-2.88(m,2H),3.94-4.02(m,2
H),5.12(s,2H),7.28-7.43(m,5H).
[0140] (5) Synthesis of 10-{[(1-methylpiperidine-4-carbonyl)oxy|methyl } nonadecanoic
acid

According to the method in Example A-2-(6), the compound (96 mg, 0.18 mmol)
obtained in Example A-3-(4) was dissolved in ethyl acetate (2 mL), to which 10%
palladium-carbon (19 mg, containing 50% water) was added at room temperature, and the
mixture was stirred in a hydrogen atmosphere under normal pressure for 3 hours. The
reaction solution was filtered and washed with ethyl acetate. The filtrate was concentrated
under reduced pressure, the obtained residue was purified by column chromatography
(chloroform/methanol) to obtain the titled compound (74 mg, 0.163 mmol).
' H-NMR (400MHz,CDCl; )8(ppm):0.81-0.95(m,3H),1.12-1.44(m,29H),1.53-1.71(m,2H),1.7
4-1.94(m,2H),1.98-2.08(m,2H),2.08-2.38(m,5H),2.39(s,3H),3.10-3.30(m,2H),3.80-3.91(m, 1
H),4.14-4.25(m, 1 H).
[0141] (6) Synthesis of 2-nonyl-11-o0x0-11-[(3-pentyloctyl)oxyjundecyl 1-methylpiperidine
-4-carboxylate

According to the method in Production Example 2, the titled compound (81 mg, 0.13
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mmol) was obtained from the compound (74 mg, 0.16 mmol) obtained in Example A-3-(5),
3-pentyloctan-1-ol (CAS 1443519-63-8) (49 mg, 0.25 mmol), EDC (38 mg, 0.20 mmol),
DMAP (4.0 mg, 0.033 mmol) and methylene chloride (1.2 mL).

' H-NMR (400MHz,CDCl; )8(ppm):0.81-0.95(m,9H),1.15-1.47(m,44H),1.50-1.68(m,6H),1.7
0-1.84(m,2H),1.84-2.06(m,4H),2.18-2.33(m,3H),2.27(s,3H),2.73-2.87(m,2H),3.94-4.01(m,2
H),4.04-4.12(m,2H).

[0142] (Synthesis of cationic lipid (4))

[Example A-4]

Bis(3-pentyloctyl) 9- {[(1-methylpiperidine-4-carbonyl)oxy]methyl } heptadecanedioate

(cationic lipid 4)
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[0143] (1) Synthesis of 8-benzyl 1,1-di-tert-butyl octane-1,1,8-tricarboxylate

60% Sodium hydride (59 mg, 1.48 mmol) was suspended in DMF (5.4 mL), to
which di-tert-butyl malonate (0.30 mL, 1.35 mmol) was gradually added under ice cooling,
and the mixture was stirred at 0°C for 5 minutes and then for 20 minutes after the bath was
removed. Under ice cooling, sodium iodide (61 mg, 0.40 mmol) and the compound (443

mg, 1.41 mmol) obtained in Production Example 3 were added and the mixture was stirred at
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room temperature for 15 hours. The reaction mixture was cooled in an ice water bath, added
with water and extracted with diethyl ether. The organic layer was washed with a saturated
sodium chloride solution and dried over anhydrous magnesium sulphate. Following
filtration, the solvent was removed by distillation under reduced pressure. The residue was
purified by silica gel column chromatography (n-heptane/ethyl acetate) to obtain the titled
compound (456 mg, 1.02 mmol).
' H-NMR (400MHz,CDCl; )&(ppm): 1.23-1.36(m,81rD,1.45(s,18H), 1.58-1.69(m,2H),1.72-1.84(
m,2H),2.30-2.40(m,2H),3.05-3.15(m,1H),5.11(s,2H),7.28-7.41(m,5H).
[0144] (2) Synthesis of 1,15-dibenzyl 8,8-di-tert-butyl pentadecane-1,8,8,15
-tetracarboxylate

According to the method in Example A-4-(1), the titled compound (380 mg, 0.56
mmol) was obtained from the compound (456 mg, 1.02 mmol) obtained in Example A-4-(1),
the compound (478 mg, 1.53 mmol) obtained in Production Example 3, sodium iodide (46
mg, 0.31 mmol), 60% sodium hydride (49 mg, 1.22 mmol) and DMF (3.3 mL).
" H-NMR (400MHz,CDCl; )8(ppm):1.03-1.17(m,4H),1.23-1.36(m, 12H),1.43(s,18H),1.56-1.6
8(m,4H),1.70-1.80(m,4H),2.29-2.38(m,4H),5.11(s,4H),7.27-7.41(m,10H).
[0145] (3) Synthesis of 10-(benzyloxy)-2-[8-(benzyloxy)-8-oxooctyl]-10-oxodecanoic acid

According to the method in Example A-1-(3), the titled compound (234 mg, 0.45
mmol) was obtained from the compound (380 mg, 0.56 mmol) obtained in Example A-4-(2),
methylene chloride (2 mL), TFA (1 mL) and xylene (2 mL).
' H-.NMR(400MHz,CDCl; )3(ppm):1.18-1.37(m,16H),1.38-1.71(m,8H),2.26-2.41(m,5H),5.1
1(s,4H),7.28-7.43(m,10H).
[0146] (4) Synthesis of dibenzyl 9-(hydroxymethyl)heptadecanedioate

According to the method in Example A-1-(4), the titled compound (188 mg, 0.37

mmol) was obtained from the compound (234 mg, 0.45 mmol) obtained in Example A-4-(3),
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0.92M borane-THF complex (0.73 mL, 0.67 mmol) and THF (1.8 mL).
' H-NMR(400MHz,CDCl; )8(ppm):1.12-1.51(m,22H),1 .56—1 .72(m,4H),2.29-2.41(m,4H),3.4
7-3.58(m,2H),5.11(s,4H),7.28-7.44(m,10H).
[0147] (5) Synthesis of dibenzyl 9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}
heptadecanedioate

According to the method in Example A-1-(5), the titled compound (217 mg, 0.34
mmol) was obtained from the compound (188 mg, 0.37 mmol) obtained in Example A-4-(4),
1-methyl-piperidine-4-carboxylic acid hydrochloride (132 mg, O.74 mmol), EDC (155 mg,
0.81 mmol), DIPEA (0.126 mL, 0.74 mmol), DMAP (9.0 mg, 0.074 mmol) and methylene
chloride (1.9 mL).
! H-NMR (400MHz,CDCl3 )3(ppm):1. 16-1.38(m,21H),1.53-1 .69(m,4H),1.?0-1.84(m,2H),1.8
5-2.04(m,4H),2.19-2.40(m,5H),2.26(s,3H),2.74-2.86(m,2H),3.92-4.01(m,2H),5.11(s,4H),7.28
-7.41(m,10H). |
[0148] (6) Synthesis of bis(3-pentyloctyl) 9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}
heptadecanedioate

The compound (217 mg, 0.34 mmol) obtained in Example A-4-(5) was dissolved in
THF (4 mL) and methanol (2 mL), to which 10% palladium-carbon (19 mg, containing 50%
water) was added at room temperature, and the mixture was stirred in a hydrogen atmosphere
under normal pressure for 2 hours. The reaction system was replaced with nitrogen and the
reaction solution was filtered and washed with methanol. The filtrate was concentrated
~under reduced pressure to obtain a crude product of 9-{[(1-methylpiperidine-4-carbonyl)oxy]
methyl}heptadecanedioic acid (160 mg).

According to the method in Production Example 2, the titled compound (34 mg,
0.041 mmol) was obtained from the obtained crude product (40 mg), 3-pentyloctan-1-ol

(CAS 1443519-63-8) (44 mg, 0.22 mmol), EDC (37 mg, 0.19 mmol), DMAP (2.1 mg, 0.018
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mmol) and THF (1 mL).

" H-NMR (400MHz,CDCl3 )8(ppm):0.83-0.94(m,12H),1.14-1.48(m,53H),1.51-1.67(m,10H),1
.70-1.84(m,2H),1.85-2.07(m,4H),2.18-2.34(m,5H),2.27(s,3H),2.74-2.88(m,2H),3.93-4.01(m,
2H),4.03-4.12(m,4H).

[0149] (Synthesis of cationic lipid (5))

[Example A-5]

Di[(Z)-2-nonen-1-yl] 9-{[(1-methylpiperidine-4-carbonyl)oxy|methyl} heptadecanedioate

(cationic lipid 5)

[0150] According to the method in Production Example 2, the titled compound (76 mg, 0.11
mmol) was obtained from the crude product (60 mg) of
9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl } heptadecanedioic acid obtained in Example
A-4-(6), cis-2-nonen-1-ol (0.066 mL, 0.40 mmol), EDC (56 mg, 0.29 mmol), DMAP (3.2 mg,
0.026 mmol) and THF (1.3 mL).

' H-NMR (400MHz,CDCl; )8(ppm):0.81-0.96(m,6H),1.15-1.44(m,35H),1.52-1.68(m,6H),1.7
0-1.84(m,2H),1.85-2.05(m,4H),2.05-2.15(m,4H),2.21-2.35(m,5H),2.27(s,3H),2.74-2.88(m,2
H),3.93-4.01(m,2H),4.57-4.67(m,4H),5.47-5.58(m,2H),5.59-5.70(m,2H).

[0151] (Synthesis of cationic lipid (6))

[Example A-6]

(1R,58,6r)-2-{9-[(2-Butyloctyl)oxy]-9-oxononyl }dodecyl 3-methyl-3-azabicyclo[3.1.0]

hexane-6-carboxylate (cationic lipid 6)
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mmol) was obtained from the compound (40 mg, 0.078 mmol) obtained in Example A-1-(4),
the compound (28 mg, 0.16 mmol) obtained in Production Example 10-(2), EDC (33 mg,
0.17 mmol), DIPEA (0.027 mL, 0.16 mmol), DMAP (1.9 mg, 0.016 mmol) and methylene
chloride (1.0 mL).

' H-NMR (400MHz,CDCl3 )3(ppm):0.80-1.00(m,9H),1.16-1.40(m,46H),1.52-1.70(m,4H),1.8
9-1.97(m,2H),1.98-2.06(m, 1 H),2.23-2.42(m,4H),2.30(s,3H),3.00-3.12(m,2H),3.87-4.03(mn,4
H).

[0153] (Synthesis of cationic lipid (7))

[Example A-7]

(IR,58,6s)-2-{9-[(2-Butyloctyl)oxy]-9-oxononyl } dodecyl 3-methyl-3-azabicyclo[3.1.0]

hexane-6-carboxylate (cationic lipid 7)
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[0154] According to the method in Example A-1-(5), the titled compound (38 mg, 0.060
mmol) was obtained from the compound (40 mg, 0.078 mmol) obtained in Example A-1-(4),
the compound (27.8 mg, 0.16 mmol) obtained in Production Example 11-(2), EDC (33 mg,
0.17 mmol), DIPEA (0.027 mL, 0.157 mmol), DMAP (1.9 mg, 0.016 mmol) and methylene

chloride (1.0 mL).
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' H-NMR (400MHz,CDCl; )(ppm):0.81-0.97(m,9H),1.15-1.40(m,46H),1.46-1.70(m, 7H),2.2.
1(s,3H),2.24-2.38(m,4H),2.96-3.07(m,2H),3.85-4.02(m,4H).

[0155] (Synthesis of cationic lipid (8))

[Example A-8]

2-{9-[(2-Butyloctyl)oxy]-9-oxononyl } dodecyl 4-methylpiperazine-1-carboxylate (cationic

lipid 8)
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[0156] The compound (11 mg, 0.022 mmol) obtained in Example A-1-(4) and pyridine
(0.0043 mL, 0.054 mmol) were dissolved in methylene chloride (0.8 mL), to which
4-nitrophenyl chloroformate (12 mg, 0.060 mmol) was added under ice cooling, and the
mixture was stirred at the same temperature for 10 minutes and at room temperature for 1.5
hours. The reaction solution was added with 1-methylpiperazine (0.010 mL, 0.090 mmol)
and stirred at room temperature for 3 hours. The reaction mixture was added with a
saturated sodium hydrogen carbonate aqueous solution and extracted with ethyl acetate.
The organic layer was washed with a saturated sodium chloride solution and dried over
anhydrous magnesium sulphate. Following filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified by silica gel column
chromatography (n-heptane/ethyl acetate) to obtain the titled compound (11 mg, 0.017
mmol).

' H-NMR(400MHz,CDCl;3 )8(ppm):0.80-0.98(m,9H),1.16-1.42(m,46H),1.52-1.77(m,4H),2.2
3-2.44(m,6H),2.30(s,3H),3.42-3.57(m,4H),3.90-4.04(m,4H).

[0157] (Synthesis of cationic lipid (9))
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[Example A-9]

2-[9-(Hexyloxy)-9-oxononyl]dodecyl 1-methylpiperidine-4-carboxylate (cationic lipid 9)

According to the method in Production Example 2, the titled compound (102 mg,
0.19 mmol) was obtained from the compound (100 mg, 0.21 mmol) obtained in Example
A-2-(6), hexan-1-ol (32 uL, 0.26 mmol), EDC (49 mg, 0.26 mmol), DMAP (5.0 mg, 0.050
mmol) and methylene chloride (5.0 mL).
' H-NMR (600MHz,CDCl; )8(ppm):0.85-0.92(m,6H),1.19-1.39(m,37H),1.57-1.66(m,5H),1.7
3-1.84(m,2H),1.87-1.94(m,2H),1.96-2.07(m,2H),2.22-2.32(m,6H),2.73-2.87(m,2H),3.98(d,J=
5.50Hz,2H),4.06(t,J=6.79Hz,2H).
[0158] (Synthesis of cationic lipid (10))
[Example A-10]

2-[9-(Octyloxy)-9-oxononyl]dodecyl 1-methylpiperidine-4-carboxylate (cationic lipid 10)

According to the method in Production Example 2, the titled compound (109 mg,
0.19 mmql) was obtained from the compound (200 mg, 0.42 mmol) obtained in Example
A-2-(6), octan-1-0l (67 mg, 0.51 mmol), EDC (98 mg, 0.51 mmol), DMAP (10 mg, 0.09
mmol) and methylene chloride (10 mL).

! H-NMR(600MHz,CDCl; )3(ppm):0.91(t,J=6.97Hz,6H),1.23-1.40(m,40H),1.60-1.68(m,5H),
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1.76-1.85(m,2H),1.89-1.95(m,2H),1.97-2.06(m,2H),2.25-2.33(m,6H),2.78-2.86(m,2H),4.00(d ‘
,J=5.69 Hz,2H),4.08(t,J=6.79 Hz,2H).

[0159] (Synthesis of cationic lipid (11))

[Example A-11]

2-[9-(Decyloxy)-9-oxononyl]dodecyl 1-methylpiperidine-4-carboxylate (cationic lipid 11)

According to the method in Production Example 2, the titled compound (153 mg,
0.25 mmol) was obtained from the compound (200 mg, 0.42 mmol) obtained in Example
A-2-(6), decan-1-0l (100 pL, 0.51 mmol), EDC (98 mg, 0.51 mmol), DMAP (10 mg, 0.09
mmol) and methylene chloride (10 mL).
"H-NMR(600MHz,CDCl; )8(ppm):0.91(t,J=7.06Hz,6H),1.17-1 42(m,44H),1.60-1.68(m,SH),
1.75-1.86(m,2H),1.88-1.96(m,2H),1.97-2.07(m,2H),2.24-2.35(m,6H),2.78-2.87(m,2H),4.00(d
,J=5.50Hz,2H),4.08(t,J=6.79 Hz,2H).
[0160] (Synthesis of cationic lipid (12))
[Example A-12]

2-{9-0x0-9-[(4-pentylnonyl)oxy|nonyl } dodecyl 1-methylpiperidine-4-carboxylate (cationic
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According to the method in Production Example 2, the titled compound (212 mg,

lipid 12)

0.32 mmol) was obtained from the compound (200 mg, 0.42 mmol) obtained in Example
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A-2-(6), the compound (115 mg, 0.60 mmol) obtained in Production Example 7-(2), EDC (98
mg, 0.51 mmol), DMAP (10 mg, 0.09 mmol) and methylene chloride (10 mL).

' H-NMR(600MHz,CDCl;3 )5(ppm):0.85-0.92(m,9H),1.16-1.34(m,49H),1.51-1.66(m,5H),1.7
3-1.84(m,2H),1.86-1.94(m,2H),1.95-2.05(m,2H),2.23-2.31(m,6H),2.75-2.85(m,2H),3.98(d,J=
5.50Hz,2H),4.04(t,J=6.79 Hz,2H).

[0161] (Synthesis of cationic lipid (13))

[Example A-13]

2-(4-0Oxo0-4-(tridecyloxy)butyl)dodecyl 1-methylpiperidine-4-carboxylate (cationic lipid 13)
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60% Sodium hydride (1.05 g, 26.2 mmol) was suspended in THF (50 mL), to which
di-tert-butyl malonate (5.86 mL, 26.2 mmol) was added dropwise under ice cooling, and the
mixture was stirred at room temperature for 20 minutes. Under ice cooling, sodium iodide
(0.37 g, 2.49 mmol) was added, the compound (6.41 g, 24.9 mmol) obtained in Production
Example 8 was then added dropwise and the mixture was stirred at room temperature for 18
hours. The reaction mixture was diluted with diethyl ether and washed with water, and the
aqueous layer was then extracted with diethyl ether. The organic layers were combined,
washed with a saturated sodium chloride solution and dried over anhydrous magnesium
sulphate. Following filtration, the solvent was removed by distillation under reduced
pressure to obtain the titled compound (9.88 g, 25.2 mmol).

' H-NMR(600MHz,CDCl; )&(ppm): 1.42-1.49(m,18H),1.65-1.72(m,2H),1.80-1.87(m,2H),2.3
9(t,J=7.52 Hz,2H),3.13(t,J=7.52Hz,1H),5.11(s,2H),7.29-7.40(m,5SH).

[0163] (2) Synthesis of 1-benzyl 4,4-di-tert-butyl tetradecane-1,4,4-tricarboxylate

The compound (9.88 g, 25.2 mmol) obtained in Example A-13-(1) was dissolved in
THF (100 mL), to which 60% sodium hydride (1.51 g, 37.8 mmol) was added under water
cooling, and the mixture was stirred at room temperature for 30 minutes. 1-Iododecane
(10.7 mL, 50.4 mmol) was gradually added and the mixture was stirred at room temperature
for 4 hours. The reaction mixture was added with a saturated ammonium chloride aqueous
solution and extracted with n-pentane. The organic layer was washed with a saturated

sodium chloride solution and dried over anhydrous magnesium sulphate. Following

CN
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filtration, the solvent was removed by distillation under reduced pressure. The residue was
purified by silica gel column chromatography (n—heptane/diethyl ether) to obtain the titled
compound (4.31 g, 8.09 mmol).

"H-NMR(600MHz,CDCl; )8(ppm):0.85-0.91(m,3H),1.07-1.17(m,2H),1.21-1.33(m, 1 6H), 1.4

4(s,18H),1.49-1.54(m,2H),1.74-1.84(m,4H),2.36(t,J=7.34Hz,2H),5.11(s,2H),7.28-7.38(m,5H)

[0164] (3) Synthesis of 2-[4-(benzyloxy)-4-oxobutyl]dodecanoic acid
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The compound (4.31 g, 8.09 mmol) obtained in Example A-13-(2) was dissolved in

Y

methylene chloride (20 mL), to which TFA (10 mL) was added dropwise under ice cooling,
and the mixture was stirred at room temperature for 4 hours. The reaction mixture was
concentrated under reduced pressure followed by addition of toluene and azeotropic
distillation twice. The obtained crude product was dissolved in xylene (25 mL) and refluxed
under heating for 8 hours. The reaction mixture was cooled to room temperature and
concentrated under reduced pressure. The obtained residue was purified by column
chromatography (cyclohexane/ethyl acetate) to obtain the titled compound (2.74 g, 7.28
mmol).

' H-NMR (600MHz,DMSO-d6)5(ppm):0.82-0.89(m,3H),1.17-1.31(m,16H),1.32-1.42(m,3H),
1.43-1.57(m,4H),2.16-2.22(m,1H),2.32-2.38(m,2H),5.08(s,2H),7.29-7.40(m,5H),12.06(br
s,1H).

[0165] (4) Synthesis of benzyl 5-(hydroxymethyl)pentadecanoate
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The compound (2.74 g, 7.28 mmo}) obtaii
THF (30 mL), to which borane-THF complex (1 M, 16.9 mL, 16.9 mmol) was added
dropwise at -78°C. The mixture was stirred at 0°C for 8 hours and then at 15°C for 22
hours. The mixture was added with a saturated sodium hydrogen carbonate aqueous
solution and extracted with diethyl ether. The organic layer was washed with a saturated
sodium chloride solution and dried over anhydrous magnesium sulphate. Following
filtration, the solvent was removed by distillation under reduced pressure. The residue was
purified by silica gel column chromatography (cyclohexane/ethyl acetate) to obtain the titled
compound (2.30 g, 6.34 mmol).

"H-NMR (600MHz,DMSO0-d6)5(ppm):0.85(t,J=6.88Hz,3H),1.08-1.37(m,18H),1.49-1.58(m,2

H),2.27-2.36(m,2H),3.21-3.29(m,2H),4.28(t,J=5.14Hz, 1H),5.01-5.12(m,2H),7.30-7.40(m,5H)

[0166] (5) Synthesis of 2-(4-(benzyloxy)-4-oxobutyl)dodecyl 1-methylpiperidine

-4-carboxylate
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The compound (2.30 g, 6.34 mmol) obtained in Example A-13-(4), DIPEA (2.2 mL,
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12.7 mmol), 1-methyl-piperidine-4-carboxylic acid hydrochloride (2.28 g, 12.7 mmol) and
DMAP (0.16 g, 1.27 mmol) were dissolved in methylene chloride (30 mL), to which EDC
(2.68 g, 13.9 mmol) was added under ice cooling, and the mixture was stirred at room
temperature for 4 hours. The reaction mixture was concentrated under reduced pressure and
dissolved in diethyl ether. The solution was serially washed with a saturated sodium
hydrogen carbonate aqueous solution and water and dried over anhydrous magnesium
sulphate. Following filtration, the solvent was removed by distillation under reduced
pressure to obtain the titled compound (2.97 g, 6.09 mmol).

" H-NMR(600MHz,CDCl3 )8(ppm):0.88(t,J=7.06Hz,3H),1.17-1.38(m,21H),1.60-1.70(m,3H),
1.77-1.87(m,2H),1.89-1.99(m,2H),2.23-2.38(m,6H),2.74-2.91(m,2H),3.94-4.02(m,2H),5.09-5
.13(m,2H),7.30-7.41(m,5H).

[0167] (6) Synthesis of 5-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}pentadecanoic acid

©/\o HO

The compound (2.97 g, 6.09 mmol) obtained in Example A-13-(5) was dissolved in
ethyl acetate (35 mL), to which 10% palladium-carbon (0.65 g, 0.61 mmol, containing 50%
water)was added at room temperature, and the mixture was stirred in a hydrogen atmosphere
under normal pressure for 3 hours. The reaction solution was filtered and washed with ethyl
acetate. The filtrate was concentrated under reduced pressure to obtain the titled compound
(2.31 g, 5.81 mmol).
! H-NMR(600MHz,DMSO0-d6)5(ppm):0.85(t,J=6.88Hz,3H),1.21-1.32(m,20H), 1.44-1.66(m,5

H),1.75-1.83(m,2H),1.95-1.98(m, 1H),1.99-2.06(m, 1 H),2.13-2.23(m,5H),2.23-2.30(m, 1 H),2.6
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4-2.77(m,2H),3.88-3.97(m,2H).

[0168] (7) Synthesis of 2-(4-oxo0-4-(tridecyloxy)butyl)dodecyl 1-methylpiperidine

-4-carboxylate
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The compound (200 mg, 0.50 mmol) obtained in Example A-13-(6), tridecan-1-ol
(121 mg, 0.60 mmol) and DMAP (12 mg, 0.10 mmol) were dissolved in methylene chloride
(5 mL), to which EDC (116 mg, 0.60 mmol) was added at room temperature, and the mixture
was stirred at room temperature for 4 hours. The reaction mixture was purified by silica gel
column chromatography (methanol/ethyl acetate) to obtain the titled compound (170 mg,
0.29 mmol).
' H-NMR(600MHz,CDCl; )8(ppm):0.88(t,J=6.7Hz,6H),1.26(br 5,41H),1.57-1.69(m,6H),
1.73-1.82(m,2H),1.90(br dd,J=13.5,3.03Hz,2H),1.94-2.04(m,2H),2.22-2.34(m,6H),
2.67-2.90(br d,J=9.8Hz,2H),3.95-4.02(m,2H),4.03-4.08(t,J=6.8Hz,2H).
[0169] (Synthesis of cationic lipid (14))
[Example A-14]
2-(4-Ox0-4-((8-pentyltridecyl)oxy)butyl)dodecyl 1-methylpiperidine-4-carboxylate (cationic

lipid 14)
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According to the method in Example A-13-(7), the titled compound (133 mg, 0.21
mmol) was obtained from the compound (120 mg, 0.30 mmol) obtained in Example A-13-(6),
the compound (90 mg, 0.33 mmol) obtained in Production Example 4-(4), EDC (64 mg, 0.33
mmol), DMAP (4.0 mg, 0.033 mmol) and methylene chloride (1.5 mL).
' H-NMR(600MHz,CD3;0D)&(ppm):0.87-0.97(m,9H),1.18-1.45(m,47H),1.60-1.73(m,5H),1.7
3-1.83(m,2H),1.88-1.99(m,2H),2.06-2.19(m,2H),2.23-2.43(m,6H),2.77 -2l. 89(m,2H),3.99-4.15
(m,4H).
[0170] (Synthesis of cationic lipid (15))
[Example A-15]

2-{4-[(4-Nonyltridecyl)oxy]-4-oxobutyl } dodecyl 1-methylpiperidine-4-carboxylate (cationic

N~ N
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lipid 15)

According to the method in Example A-13-(7), the titled compound (106 mg, 0.15
mmol) was obtained from the compound (110 mg, 0.28 mmol) obtained in Example A-13-(6),
the compound (99 mg, 0.30 mmol) obtained in Production Example 5-(4), EDC (58 mg, 0.30
mmol), DMAP (4.0 mg, 0.033 mmol) and methylene chloride (1.3 mL). |
' H-NMR (600MHz,CD30D)8(ppm):0.85-0.99(m,9H),1.15-1.44(m,55H),1.56-1.84(m,7H),1.9
4(m,J=13.2Hz,2H),2.06-2.19(m,2H),2.23-2.44(m,6H),2.76-2.90(m,2H),3.96-4.14(m,4H).
[0171] (Synthesis of cationic lipid (16))
[Example A-16]
Dioctyl 9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl } heptadecanedioate (cationic lipid

16)
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[0172] (1) Synthesis of 9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl } heptadecanedioic

acid
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The compound (0.80 g, 1.25 mmol) obtained in Example A-4-(5) was dissolved in
ethanol (5§ mL), to which 10% palladium-carbon (0.13 g, 0.13 mmol, containing 50% water)
was added at room temperature, and the mixture was stirred in a hydrogen atmosphere under
normal pressure for 18 hours. The reaction solution was filtered through Celite and washed
with ethanol. The filtrate was concentrated under reduced pressure to obtain the titled

compound (0.58 g, 1.26 mmol).
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' H-NMR (600MHz,DMSO-d6)5(ppm):1.17-1.30(m,20H),1.43-1.52(m,4H),1 .52-1.62(m,3H),
1.77-1.82(m,2H),1.92-2.03(m,2H),2.12-2.22(m,7H),2.23-2.33(m,1H),2.66-2.75(m,2H),3.93(d
,J=5.50Hz,2H).

[0173] (2) Synthesis of dioctyl 9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}

heptadecanedioate
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The compound (100 mg, 0.22 mmol) obtained in Example A-16-(1), octan-1-ol (83
pL, 0.53 mmol) and DMAP (11 mg, 0.09 mmol) were dissolved in methylene chloride (5
mL), to which EDC (101 mg, 0.53 mmol) was added at room temperature, and the mixture
was stirred at room temperature for 18 hours. The reaction mixture was concentrated under
reduced pressure and then purified by silica gel column chromatography (methanol/ethyl
acetate) to obtain the titled compound (101 mg, 0.15 mmol).
' H-NMR(600MHz,CDCl; )8(ppm):0.83-0.92(m,6H),1.21-1 .39(m,40H),1.55-1.66(m,9H),1.7
2-1.83(m,2H),1.85-1 .95(m,2H),1.95-2.06(m,2H),2.22-2.33(m,8H),2.7‘5-2.87(m,2H),3.97 (d,J=
5.69Hz,2H),4.05(t,J=6.69Hz,4H).
[0174] (Synthesis of cationic lipid (17))
[Example A-17]
Bis(4-pentylnonyl) 9- {[(1-methylpiperidine-4-carbonyl)oxy]methyl } heptadecanedioate

(cationic lipid 17)
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According to the method in Example A-16-(2), the titled compound (0.23 g, 0.27
mmol) was obtained from the compound(0.20g,0.44mmol) obtained in Example A-16-(1), the

compound (0.23 g, 1.05 mmol) obtained in Production Example 7-(2), EDC (0.20 g, 1.05
mmol), DMAP (11 mg, 0.09 mmol) and methylene chloride (5 mL).

' H-NMR(600MHz,CDCl; )8(ppm):0.88(t,]=7.24Hz,12H),1.17-1.35(m,58H),1.58-1.65(m,9H
),1.73-1.83(m,2H),1.87-1.93(m,2H),1.95-2.04(m,2H),2.23-2.32(m,8H),2.75-2.86(m,2H),3.97
(d,J=5.50Hz,2H),4.04(t,J=6.79 Hz,4H).

[0175] (Synthesis of cationic lipid (18))

[Example A-18]

Ditridecyl 5-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}nonanedioate (cationic lipid 18)
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[0176] (1) Synthesis of 1,7-dibenzyl 4,4-di-tert-butyl heptane-1,4,4,7-tetracarboxylate

The compound (3.84 g, 9.78 mmol) obtained in Example A-13-(1) was dissolved in
THF (30 mL), to which 60% sodium hydride (0.43 g, 10.8 mmol) was added under water
cooling, and the mixture was stirred at room temperature for 30 minutes. A solution of
benzyl 4-bromobutanoate (3.02 g, 11.7 mmol) in THF (10 mL) was added and refluxed under
heating for 18 hours. The reaction solution was cooled to room temperature and diluted
with diethyl ether. The organic layer was washed sequentially with water and a saturated
sodium chloride solution and dried over anhydrous magnesium sulphate. Following
filtration, the solvent was removed by distillation under reduced pressure. The residue was
purified by silica gel column chromatography (ethyl acetate/cyclohexane) to obtain the titled
compound (1.88 g, 3.31 mmol).
"H-NMR (600MHz,CDCl; )8(ppm): 1.43(s,18H),1.47-1.54(m,4H),1.78-1.85(m,4H),2.36(t,]=7
.34Hz,4H),5.10(s,4H),7.27-7.40(m, 1 0H).

[0177] (2) Synthesis of 6-(benzyloxy)-2-[4-(benzyloxy)-4-oxobutyl]-6-hexanoic acid
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According to the method in Example A-13-(3), the titled compound (1.01 g, 2.45 i
mmol) was obtained from the compound (1.88 g, 3.31 mmol) obtained in Example A-18-(1),
TFA (4 mL), methylene chloride (8 mL) and xylene (10 mL). |
' H-NMR(600MHz,DMSO0-d6)8(ppm):1.31-1.58(m,8H),2.19-2.25(m, 1 H),2.33-2.37(m,4H),5.
05-5.11(m,4H),7.27-7.40(m,10H),12.14(br s,1H).

[0178] (3) Synthesis of dibenzyl 5-(hydroxymethyl)nonanedioate

The compound (1.01 g, 2.45 mmol) obtained in Example A-18-(2) was dissolved in
THF (10 mL), to which borane-THF complex (1 M, 4.9 mL, 4.9 mmol) was added dropwise
at -78°C. The mixture was stirred at 0°C for 16 hours, added with a saturated ammonium
chloride aqueous solution and extracted with diethyl ether. The organic layer was washed
with a saturated sodium chloride solution and dried over anhydrous magnesium sulphate.
Following filtration, the solvent was removed by distillation under reduced pressure. The
residue was purified by silica gel column chromatography (cyglohexane/ethyl acetate) to
obtain the titled compound (0.59 g, 1.47 mmol).
' H-NMR(600MHz,DMSO-d6)8(ppm): 1.09-1.37(m,6H),1.48-1.56(m,4H),2.32(t,]=7.34Hz 4
H),3.26(t,J=5.23Hz,2H),4.32(t,J=5.14Hz,1H),5.08(s,4H),7.28-7.41(m,10H).
[0179] (4) Synthesis of dibenzyl 5-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}

nonanedioate
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According to the method in Example A-13-(5), the titled compound (0.62 g, 1.19
mmol) was obtained from the compound (0.58 g, 1.47 mmol) obtained in Example A-18-(3),
DIPEA (0.51 mL, 2.95 mmol), 1-methyl-piperidine-4-carboxylic acid hydrochioride (0.52 g,
2.95 mmol), DMAP (36 mg, 0.30 mmol), EDC (0.62 g, 3.24 mmol) and methylene chloride
(7 mL).
' H-NMR (600MHz,CDCl; )5(ppm):1.27-1.38(m,4H),1.59-1.69(m,5H),1.70-1.81(m,2H),1.85-
1.92(m,2H),1.92-2.02(m,2H),2.26(s,4H),2.33(t,J=7.34Hz,4H),2.74-2.83(m,2H),3.97(d,J=5.69
Hz,2H),5.11(s,4H),7.28-7.39(m, 10H).

[0180] (5) Synthesis of 5-[ {(1-methylpiperidine-4-carbonyl)oxy}methylJnonanedioic acid
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According to the method in Example A-16-(1), the titled compound (0.41 g, 1.19
mmol) was obtained from the compound (0.62 g, 1.19 mmol) obtained in Example A-18-(4),

10% palladium-carbon (62 mg, 0.06 mmol, containing 50% water) and ethanol (2 mL).
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! H-NMR (600MHz,DMSO-d6)8(ppm): 1.20-1.31(m,4H),1.44-1.66(m,7H),1.72-1.81(m,4H),1.
88-1.97(m,2H),2.13(s,3H),2.16-2.22(m,4H),2.22-2.30(m, 1H),2.64-2.71(m,2H),3.93(d,J=5.32
Hz,2H).

[0181] (6) Synthesis of ditridecyl

5-{[(1-methylpiperidine-4-carbonyl)oxy]|methyl } nonanedioate

According to the method in Example A-13-(7), the titled compound (107 mg, 0.15
mmol) was obtained from the compound (135 mg, 0.39 mmol) obtained in Example A-18-(5),
tridecan-1-ol (189 mg, 0.94 mmol), DMAP (9 mg, 0.08 mmol), EDC (166 mg, 0.87 mmol)
and methylene chloride (5 mL).
' H-NMR(600MHz,CDCl; )8(ppm):0.88(t,J=7.06Hz,6H),1.20-1.41(m,45H),1.58-1.71(m,9H),
1.71-1.82(m,2H),1.86~1.94(m,2H),1.95-2.04(m,2H),2.23-2.30(m,8H),2.77-2.83(m,2H),4.00(d
,J=5.5Hz,2H),4.05(t,J=6.88Hz,4H).
[0182] (Synthésis of cationic lipid (19))
[Example A-19]
Bis(8-pentyltridecyl) 5-{[(1-methylpiperidine-4-carbonyl)oxy]methyl} nonanedioate (cationic

lipid 19)
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According to the method in Example A-13-(7), the titled compound (79 mg, 0.09
mmol) was obtained from the compound (80 mg, 0.23 mmol) obtained in Example A-18-(5),
the compound (151 mg, 0.56 mmol) obtained in Production Example 4-(4), DMAP (6 mg,
0.05 mmol), EDC (98 mg, 0.51 mmol) and methylene chloride (5 mL).
' H-NMR(600MHz,CDCl; )8(ppm):0.88(t,J=7.24Hz,12H),1.15-1.40(m,60H),1.59-1.71(m, 10
H),1.72-1.82(m,2H),1.86-1.94(m,2H),1.94-2.04(m,2H),2.23-2.32(m,8H),2.77-2.85(m,2H),4.0
0(d,J=5.5Hz,2H),4.05(t,J=6.88Hz,4H).
[0183] (Synthesis of cationic lipid (20))
[Example A-20]
Bis(4-nonyltridecyl) 5-{[(1-methylpiperidine-4-carbonyl)oxy|methyl } nonanedioate (cationic

lipid 20)

According to the method in Example A-13-(7), the titled compound (46 mg, 0.05
mmol) was obtained from the compound (80 mg, 0.23 mmol) obtained in Example A-18-(5),
the compound (198 mg, 0.61 mmol) obtained in Production Example 5-(4), DMAP (6 mg,

0.05 mmol), EDC (98 mg, 0.51 mmol) and methylene chloride (5 mL).
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' H-NMR(600MHz,CDCl; )&(ppm):0.88(t,J=6.97Hz,12H),1.17-1.41(m,77H),1.57-1.72(m,9H
),1.72-1.81(m,2H),1.85-1.94(m,2H),1.94-2.03(m,2H),2.23-2.31 (m,8H),2.80(m,J=1 0.50Hz,2H
),4.00(d,J=5.50Hz,2H),4.03(t,J=6.88 Hz,4H).

[0184] (Synthesis of cationic lipid (21))

[Example A-21]

Diundecyl 7-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}tridecanedioate (cationic lipid

21)
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60% Sodium hydride (0.80 g, 20.0 mmol) was suspended in THF (35 mL), to which
di-tert-butyl malonate (4.48 mL, 20.0 mmol) was added dropwise under ice cooling, and the
mixture was stirred at room temperature for 15 minutes. Under ice cooling, sodium iodide
(0.29 g, 1.90 mmol) was added and a solution of the compound (5.43 g, 19.0 mmol) obtained
in Production Example 9 in THF (10 mL) was then added dropwise and‘the mixture was
stirred at room temperature for 18 hours. The reaction mixture was extracted with diethyl
ether and washed with water and the aqueous layer was diluted with diethyl ether. Organic
layers were combined, washed with a saturated sodium chloride solution and dried over
anhydrous magnesium sulphate. Following filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified by silica gel column
chromatography (cyclohexane/ethyl acetate) to obtaiﬁ the titled compound (6.01 g, 14.3
mmol).

"H-NMR(600MHz,CDCl; }d(ppm): 1.27-1.38(m,4H),1.45(s,18H),1.62-1.68(m,2H),1.73-1.82(
m,2H),2.35(t,J=7.52Hz,2H),3.09(t,J=7.61Hz,1H),5.11(s,2H),7.29-7.40(m,5H).

[0186] (2) Synthesis of 1,11-dibenzyl 6,6-di-tert-butyl undecane-1,6,6,1 l-tetracarboxylaté
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According to the method in Example A-18-(1), the titled compound (5.18 g, 8.29
mmol) was obtained from the compound (4.0 g, 9.51 mmol) obtained in Example A-21-(1),
60% sodium hydride (0.42 g, 10.5 mmol), the compound (3.25 g, 11.4 mmol) obtained in

Production Example 9 and THF (30 mL).

'H-NMR(600MHz,CDCl; )8(ppm): 1.09-1.19(m,4H),1.28-1.36(m,5H), 1.43(s, 18H),1.60-1.69(
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m,4H),1.72-1.80(m,4H),2.34(t,J=7.52Hz,4H),5.05-5.15(m,4H),7.28-7.41(m,9H).

[0187] (3) Synthesis of 8-(benzyloxy)-2-[6-(benzyloxy)-6-oxohexyl]-8-oxooctanoic acid
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According to the method in Example A-13-(3), the titled compound (2.49 g, 5.31

mmol) was obtained from the compound (5.18 g, 8.29 mmol) obtained in Example A-21-(2),
TFA (10 mL), methylene chloride (20 mL) and xylene (25 mL). ‘
"H-NMR(600MHz,DMSO-d6)3(ppm):1.15-1.57(m,16H),2.11-2.20(m, 1 H),2.33(t,]=7.34Hz,4
H),5.08(s,4H),7.23-7.43(m,10H),12.01(br s,1H).

[0188] (4) Synthesis of dibenzyl 7-(hydroxymethyl)tridecanedioate

According to the method in Example A-18-(3), the titled compound (1.95 g, 4.29
mmol) was obtained from the compound (2.49 g, 5.31 mmol) obtained in Example A-21-(3),
borane-THF complex (1 M, 13.2 mL, 13.2 mmol) and THF (20 mL).
" H-NMR (600MHz,CDCl; )8(ppm):1.11-1.36(m,13H),1.39-1.46(m,1H),1.60-1.70(m,4H),2.3
5(t,J=7.52 Hz,4H),3.51(d,J=5.32Hz,2H),5.11(s,4H),7.29-7.40(m,1 0H).

[0189] (5) Synthesis of dibenzyl 7-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}
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tridecanedioate
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According to the method in Example A-13-(5), the titled compound (2.97 g, 6.09
mmol) was obtained from the compound (1.95 g, 4.29 mmol) obtained in Example A-21-(4),
DIPEA (1.5 mL, 8.58 mmol), 1-methyl-piperidine-4-carboxylic acid hydrochloride (1.54 g,
8.58 mmol), DMAP (0.11 g, 0.86 mmol), EDC (1.81 g, 9.44 mmol) and methylene chloride
(20 mL).
' H-NMR(600MHz,CDCl;3 )3(ppm):1.22-1.35(m,12H),1.61-1.68(m,4H),1.70-1.84(m,3H),1.8
5-1.93(m,2H),1.95-2.06(m,2H),2.21-2.30(m,4H),2.35(t,J=7.52Hz,4H),2.74-2.85(m,2H),3.96(
d,J=5.50Hz,2H),5.11(s,4H),7.29-7.39 (m,10H).

[0190] (6) Synthesis of 7-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}tridecanedioic acid

e
HO
O
(o)
58 ’
According to the method in Example A-16-(1), the titled compound (1.34 g, 3.35

mmol) was obtained from the compound (2.28 g, 3.93 mmol) obtained in Example A-21-(5),

10% palladium-carbon (0.42 g, 0.39 mmol, containing 50% water) and ethanol (20 mL).
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" H-NMR (600MHz,DMSO-d6)8(ppm):1.19-1.30(m,12H),1.44-1.53(m,4H),1.53-1.63(m,3H),
1.72-1.81(m,2H),1.90-1.98(m,2H),2.14(s,3H),2.18(t,J=7.43Hz,4H),2.23-2.31(m,1H),2.64-2.7
3(m,2H),3.93(d,J=5.50Hz,2H).

[0191] (7) Synthesis of diundecyl 7-{[(1-methylpiperidine-4-carbonyl)oxy]methyl}

tridecanedioate

HO W\/\/\/\o

HO N V)

The compound (200 mg, 0.50 mmol) obtained in Example A-21-(6), undecan-1-ol

‘(83 pL, 1.20 mmol) and DMAP (24 mg, 0.20 mmol) were dissolved in methylene chloride
(10 mL), to which EDC (230 mg, 1.20 mmol) was added at room temperature, and the
mixture was stirred at room temperature for 18 hours. The mixture was added with a
saturated sodium hydrogen carbonate aqueous solution and extracted with methylene
chloride, and the organic layer was then concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (ethyl acetate/cyclohexane/methanol) to
obtain the titled compound (220 mg, 0.32 mmol).

' H-NMR (600MHz,CDCl; )8(ppm):0.88(t,J=7.06 Hz,6H),1.19-1.39(m,44H),1.57-1.68(m,9H)
1.71-1.86(m,2H),1.84-1.95(m,2H),1.95-2.06(m,2H),2.21-2.34(m,8H),2.75-2.87(m,2H),3.97(d
,J=5.69Hz,2H),4.05(t,J=6.79Hz,4H).

[0192] (Synthesis of cationic lipid (22))

[Example A-22]

Bis(4-heptylundecyl) 7-{[(1-methylpiperidine-4-carbonyl)oxy]methyl } tridecanedioate

(cationic lipid 22)

co
=
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According to the method in Example A-16-(2), the titled compound (88 mg, 0.10
mmol) was obtained from the compound (200 mg, 0.25 mmol) obtained in Example A-21-(6),
the compound (160 mg, 0.60 mmol) obtained in Production Example 6-(2), DMAP (12 mg,
0.10 mmol), EDC (120 mg, 0.60 mmol) and methylene chloride (5 mL).
' H-NMR(600MHz,CDCl; )8(ppm):0.88(t,J=6.97Hz,12H),1.11-1.36(m,66H),1.49-1.67(m,9H
),1.71-1.84(m,2H),1.84-1.95(m,2H),1.95-2.05(m,2H),2.21-2.33(m,8H),2.74-2.88(m,2H),3.97
(d,J=5.50Hz,2H),4.04(t,J=6.88Hz,4H).

[0193] The synthesized cationic lipids 1 to 22 are indicated in Table A below.
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[Table A-1]

Table A: Synthesized cationic lipids 1 to 22

Structure
N/
Cationic lipid 1: OYQ
2-{9-[(2-butyloctyl)oxy]-9-oxononyl } SN (0
dodecyl 1-methylpiperidine- \/\/\/\/O\(\’\’\/\/V\/\:ij
o}

4-carboxylate

(A1)

-s_N/
Cationic lipid 2: o.@
2-{9-0x0-9-[(3-pentyloctyl)oxy]nonyl} -
N a .
dodecyl 1-methylpiperidine- i dln s ‘/\5
\/:j/\’ o I N

4-carboxylate

(A2)

Cationic lipid 3:
2-nonyl-11-oxo0-11-[(3-pentyloctyl)
oxylundecyl 1-methylpiperidine-

4-carboxylate

{(A3)
N -
o, [
Cationic lipid 4: N
. /\/j\ o
bis(3-pentyloctyl) N P
9-{[(1-methylpiperidine-4-carbonyl) o
oxy|methyl }heptadecanedioate /\:’v\)\u’\o
(A4)
~
Cationic lipid 5: o 0 J:_,J

di[(Z)-2-nonen-1-yl]
9-{[(1-methylpiperidine-4-carbonyl)
oxy]methyl }heptadecanedioate

A

e e e T 0 e ,/MW

T
0
L

.

o]
e f“\o»’l Lax"”v-““\/

(AS)
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[Table A-2]

Cationic lipid 6:
(1R,58,61)-2-{9-[(2-butyloctyl)oxy]-
9-oxononyl}dodecyl
3-methyl-3-azabicyclo[3.1.0]

1exane-6-carboxylate

e - (AB)

Cationic lipid 7: Hﬁ]\z’

(1R,5S,65)-2- {9-[(2-butyloctyl)oxy]- o5
S O

9-oxononyl}dodecyl NN JJ\/O e~ 7

3-methyl-3-azabicyclo[3.1.0]

hexane-6-carboxylate

Cationic lipid 8:
2-{9-[(2-butyloctyl)oxy]-9-oxononyl}
dodecyl 4-methylpiperazine-1-

T /“ﬁ\ -O-. ' Il Ve \/J\

)

R A e g

carboxylate
(A8)
o] /‘\/’\/‘\/*j
Cationic lipid 9: AN )L\./\./\/\,f\L

2-[9-(hexyloxy)-9-oxononyl |dodecyl
1-methylpiperidine-4-carboxylate

Cationic lipid 10:
2-[9-(octyloxy)-9-oxononyl]dodecyl
1-methylpiperidine-4-carboxylate

Cationic lipid 11:
2-[9-(decyloxy)-9-oxononyl]dodecyl
1-methylpiperidine-4-carboxylate

(A11)

~
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[Table A-3]

Cationic lipid 12:
2-{9-0x0-9-[(4-pentylnonyl)oxy]
nonyl}dodecyl 1-methylpiperidine-

4-carboxylate

Cationic lipid 13:
2-(4-ox0-4-(tridecyloxy)butyl)dodecyl
1-methylpiperidine-4-carboxylate

(A13)

Cationic lipid 14:
2-(4-ox0-4-((8-pentyltridecyl)oxy)
butyl)dodecyl 1-methylpiperidine-

4-carboxylate

L
RN NS \\Y_./\v/\\“/ N 0 ..lk,_,-«" e \/l

|
e e e

|

(A14)

Cationic lipid 15:
2-{4-[(4-Nonyltridecyl)oxy]-4-
oxobutyl}dodecyl
1-methylpiperidine-4-carboxylate

N./

\/\/\/\/‘\:r\/\oi/\/g ‘
e e [/\/\/’

(A15)

Cationic lipid 16:
Dioctyl 9-{[(1-methylpiperidine-4-
carbonyl)oxy]methyl}

heptadecanedioate

/\N/

O oEL»
W«Ok/w%

At

(A16)
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[Table A-4]

Cationic lipid 17 :
Bis(4-pentylnonyl)
9-{[(1-methylpiperidine-4-

carbonyl)oxy]methyl} WO
heptadecanedioate R
(A17)
N/
0
Cationic lipid 18: 0
TN NSNS TN

Ditridecyl 5-{[(1-methylpiperidine-4-

carbonyl)oxy]methyl }nonanedioate

(A18)

Cationic lipid 19:
Bis(8-pentyltridecyl)
5-{[(1-methylpiperidine-4-

carbonyl)oxy]methyl }nonanedioate

Cationic lipid 20:
Bis(4-nonyltridecyl)
5-{[(1-methylpiperidine-4-

carbonyl)oxy]methyl} nonanedioate

(A20)
N/

ol

Cationic lipid 21:
. 0
Diundecyl 7-{[(1-methylpiperidine-4- SN0
o)

carbonyl)oxy|methyl} tridecanedioate ~ OJK/

(A21)
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[Table A-5]

N/
Cationic lipid 22: o
Bis(4-heptylundecyl) \/\,/\,\/O/\/\OMN%
S o}

7-{[(1-methylpiperidine-4-carbonyl) U
oxyJmethyl}tridecanedioate \W\)/WO
(A22)

[0194] B. Preparation and analysis of compositions
(Preparation of compositions (1))
[Example B-1]

A composition was prepared with cationic lipid 1 of Example A-1.  As the nucleic
acid, annealed siRNA (GeneDesign Inc., hereinafter also referred to as “Factor VII siRNA”)
that silences expression of the Factor VII (blood coagulation factor VII) gene and consists of
a sense strand having a base sequence: 5’-GGA{fUfCAfUfCfUfCAAGIUfCfUfUAFCT*T-3’
(T: DNA, fU, fC= 2’-Fluoro RNA, *= Phosphorothioate linkage) (SEQ ID NO: 1) and an
antisense strand having a base sequence: 5’-GfUAAGAfCfUfUGAGAfUGAfUfCfCT*T-3’
(T: DNA, fU, fC=2’-Fluoro RNA, *= Phosphorothioate linkage) (SEQ ID NO: 2) was used.
[0195] Factor VII siRNA was dissolved in 25 mM sodium acetate (pH 4.0) at 80 pg/mL to
obtain a diluted siRNA solution. Cationic lipid 1, DSPC (Nippon Fine Chemical Co., Ltd.),
Cholesterol (Nippon Fine Chemical Co., Ltd.), MPEG2000-DMG (NOF Corporation) were
dissolved in ethanol at a ratio of 60/8.5/30/1.5 (molar ratio) so that the total lipid
concentration was set to 7.2 mM, and then a lipid solution was obtained. The diluted siRNA
solution and the lipid solution were fed and mixed at flow rates of 3 mL/min and 1 mL/min,
respectively, to obtain a lipid complex aqueous solution. The obtained lipid complex

aqueous solution was subjected to dialysis using a dialysis membrane (product name

O
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“Float-A-Lyzer G2”, SPECTRUM, Inc., 50K MWCO) to replace the external solution with
phosphate buffer (PBS, pH 7.4). After the dialysis, concentration and filter sterilization
were performed, thereby obtaining a liquid composition of Example B-1.

[0196] [Example B-2]

A composition of Example A-7 was obtained in the same manner as Example B-1
except that as the cationic lipid, cationic lipid 2 of Example A-2 was used instead of cationic
lipid 1.

[0197] [Example B-3]

A composition of Example B-3 was obtained in the same manner as Example B-1
except that as the cationic lipid, cationic lipid 3 of Example A-3 was used instead of cationic
lipid 1.

[0198] [Example B-4]

A composition of Example B-4 was obtained in the same manner as Example B-1
except that as the cationic lipid, cationic lipid 4 of Example A-4 was used instead of cationic
lipid 1.

[0199] [Example B-5]

A composition of Example B-5 was obtained in the same manner as Example B-1
except that as the cationic lipid, cationic lipid 5 of Example A-5 was used instead of cationic
lipid 1.

[0200] [Example B-6]

A composition of Example B-6 was obtained in the same manner as Example B-1
except that as the cationic lipid, cationic lipid 6 of Example A-6 was used instead of cationic
lipid 1.

[0201] [Example B-7]

A composition of Example B-7 was obtained in the same manner as Example B-1
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except that as the cationic lipid, cationic lipid 7 of Example A-7 was used instead of cationic
lipid 1.
[0202] [Example B-8]

A composition of Example B-8 was obtained in the same manner as Example B-1
except that as the cationic lipid, cationic lipid 8 of Example A-8 was used instead of cationic
lipid 1.

[0203] [Comparative Example B-1]

A composition of Comparative Example B-1 was obtained in the same manner as in
Example B-1 except that as the cationic lipid, di((Z)-non-2-en-1-y1)9-((4-(dimethylamino)
butanoyl)oxy)heptadecanedioate (hereinafter also referred to as “ALN-319”) represented by
formula (12) below disclosed in Patent Literature 2 that was synthesized according to the
method disclosed in Patent Literature 2, was used instead of cationic lipid 1.

[0204]

(o]
/\/\/\:/m
(o] (o] I
/\/\/\:/\o oJl\/\/N\(12)

[0205] (Analysis of compositions (1))

In the compositions of Example B-1 to Example B-8 and Comparative Example B-1,
the encapsulation rate of siRNA into lipid complexes were measured.
[0206] Specifically, the siRNA concentration (A) measured with Quant-iT RiboGreen RNA
Reagent (Invitrogen) after diluting a composition with RNase Free Water was set as the
concentration of siRNA present in the external solution of the lipid complex. The siRNA
concentration (B) measured after diluting the composition with 1% Triton X-100 was set as
the total siRNA concentration in the composition. Next, according to formula (F1) below,

the encapsulation rate of the nucleic acid was calculated.
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Encapsulation rate (%) = 100 - (A/B) x 100

FD

[0207] The average particle diameter of lipid complexes was measured using a particle

diameter analyser (product name “Zetasizer Nano ZS”, produced by Malvern Panalytical

Ltd.).

[0208] Table 1 shows the encapsulation rate of siRNA and the average particle diameter

(Z-average) and the polydispersion index of lipid complexes.

[0209]

[Table 1]

Table 1
Composition Cationic lipid Eni:f:‘(l(}/: ;ion A:lvizzi'?ef?:rirﬂe POIY?;ZiirSion
Example B-1 1 98 87 0.11
Example B-2 2 98 78 0.09
Example B-3 3 98 77 0.10
Example B-4 4 99 86 0.11
Example B-5 5 96 76 0.14
Example B-6 6 91 69 0.17
Example B-7 7 96 69 0.14
Example B-8 8 97 69 0.14
g}i’ar’;‘f;r:g‘fi ALN-319 08 84 0.1

It is confirmed that the compositions of Example B-1 to Example B-8 exhibit high

encapsulation rates of siRNA, equivalent to that of the composition of Comparative Example

B-1.

[0210] (Preparation of compositions (2))

[Example B-9]

O
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A composition was prepared with cationic lipid 1 of Example A-1.  As the nucleic
acid, mRNA of Firefly Luciferase (FLuc) (TriLink Biotechnologies, hereinafter also referred
to as “FLuc mRNA”) was used.

[0211] FLuc mRNA was dissolved in 50 mM sodium acetate (pH 4.0) at 27 pg/mL to obtain
a diluted mRNA solution. Cationic lipid 1, DSPC (Nippon Fine Chemical Co., Ltd.),
Cholesterol (Nippon Fine Chemical Co., Ltd.), MPEG2000-DMG (NOF Corporation) were
dissolved in ethanol at a ratio of 60/8.5/30/1.5 (molar ratio) so that a total lipid concentration
was set to 2.4 mM and a lipid solution was obtained. The diluted mRNA solution and the
lipid solution were fed and mixed at flow rates of 3 mL/min and 1 mL/min, respectively, to
obtain a lipid complex aqueous solution. The obtained lipid complex aqueous solution was
subjected to dialysis using a dialysis membrane (product name “Float-A-Lyzer G2”,
SPECTRUM, Inc., 50K MWCO) to replace the external solution with phosphate buffer (PBS,
pH 7.4). After the dialysis, concentration and filter sterilization was performed, thereby
obtaining a composition of Example B-9.

[0212] [Example B-10]

A composition of Example B-10 was obtained in the same manner as Example B-9
except that as the cationic lipid, cationic lipid 2 of Example A-2 was used instead of cationic
lipid 1.

[0213] [Comparative Example B-2]

A composition of Comparative Example B-2 was obtained in the same manner as
Example B-9 except that as the cationic lipid, ALN-319 described above was used instead of
cationic lipid 1.

[0214] (Analysis of compositions (2))
In the same manner as in analysis of compositions (1), the encapsulation rate of

mRNA in lipid complexes and the average particle diameter of the lipid complexes were
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measured for the compositions of Example B-9, Example B-10 and Comparative Example
B-2. Table 2 shows the encapsulation rate of mRNA and the average particle diameter

(Z-average) of lipid complexes.

[0215]
[Table 2]
Table 2
i T Encapsulation | Average particle | Polydispersion
Composition Cationic lipid rate (%) diatfoter (o) index
Example B-9 1 94 104 0.06
Example B-10 2 92 110 <0.01
Comparative
Example B-2 ALN-319 95 125 0.04

It is confirmed that the compositions of Example B-9 and Example B-10 exhibit
high encapsulation rates of mRNA, equivalent to that of the composition of Comparative
Example B-2.

[0216] (Preparation of compositions (3))
[Example B-11]

A composition was prepared with cationic lipid 2 of Example A-2. A composition
of Example B-11 was obtained in the same manner as in Example B-9 except that as the
cationic lipid, cationic lipid 2 was used instead of cationic lipid 1 and as the nucleic acid,
Human Erythropoietin (hEPO) mRNA (TriLink Biotechnologies, hereinafter also referred to
as “EPO mRNA”) was used instead of FLuc mRNA.

[0217] [Comparative Example B-3]

A composition of Comparative Example B-3 was obtained in the same manner as in

Example B-11 except that as the cationic lipid, ALN-319 described above was used instead of

cationic lipid 2.
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[0218] (Analysis of compositions (3))

In the same manner as in analysis of compositions (1), the encapsulation rate of

mRNA in lipid complexes and the average particle diameter of the lipid complexes were

measured for the compositions of Example B-11 and Comparative Example B-3.

Table 3

shows the encapsulation rate of mRNA and the average particle diameter (Z-average) of lipid

complexes.
[0219]
[Table 3]
Table 3
o s S s Encapsulation | Average particle | Polydispersion
C 1
Composition. atiovicipid rate (%) diameter (nm) index
Example B-11 2 98 109 0.06
Comparative ALN-319 92 127 0.06
Example B-3

It is confirmed that the composition of Example B-11 exhibits a high encapsulation

rate of mRNA, equivalent to that of the composition of Comparative Example B-3.

[0220] (Preparation of compositions (4))

[Example B-12]

In the same manner as in preparation of compositions (1), a composition of Example

B-12 containing Factor VII siRNA was obtained using cationic lipid 1 of Example A-1.

[0221] [Example B-13]

A composition of Example B-13 was obtained in the same manner as in Example

B-12 except that as the cationic lipid, cationic lipid 2 of Example A-2 was used instead of

cationic lipid 1.

[0222] [Comparative Example B-4]

A composition of Comparative Example B-4 was obtained in the same manner as in

>
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Example B-12 except that as the cationic lipid, ALN-319 described above was used instead of
cationic lipid 1.
[0223] (Analysis of compositions (4))

In the same manner as in analysis of compositions (1), the average particle diameter
(pre-storage average particle diameter) of lipid complexes were measured for the
compositions of Example B-12, Example B-13 and Comparative Example B-4. The
compositions were further stored in sealed vials at 4°C for 3 months and the average particle
diameter (post-storage average particle diameter) of lipid complexes was measured. Table 4
shows the change in the average particle diameter (Z-average) of lipid complexes. In the

table, the change (%) in the average particle diameter was calculated by post-storage average

particle diameter/pre-storage average particle diameter x 100.

[0224]
[Table 4]
Table 4
Pre-storage Post-storage Change in
Composition Cationic lipid | average particle | average particle | average particle
diameter (nm) diameter (nm) diameter (%)
Example B-12 1 91 96 105
Example B-13 2 90 92 102
Comparafive ALN-319 76 115 151
Example B-4

[0225] It was demonstrated that the compositions of Example B-12 and Example B-13 had

average particle diameters that hardly changed after a storage over 3 months and were

physically more stable than the composition of Comparative Example B-4.

[0226] (Preparation of compositions (5))

[Example B-14]

In the same manner as in preparation of compositions (1), a composition of Example
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B-14 containing Factor VII siRNA was obtained using cationic lipid 9 of Example A-9.
[0227] [Example B-15]
| A compos-ition of Example B-15 was obtained in the same manner as in Example

B-14 except that as the cationic lipid, cationic lipid 10 of Example A-10 was used instead of
cationic lipid 9.
[0228] [Example B-16]

A composition of Example B-16 was obtained in the same manner as in Example
B-14 except that as the cationic lipid, cationic lipid 11 of Example A-11 was used instead of
cationic lipid 9.
[0229] [Example B-17]

A composition of Example B-17 was obtained in the same manner as in Example
B-14 except that as the cationic lipid, cationic lipid 12 of Example A-12 was used instead of
cationic lipid 9.
[0230] [Example B-18]

A composition of Example B-18 was obtained in the same manner as in Example
B-14 except that as the cationic lipid, cationic lipid 13 of Example A-13 was used instead of
cationic lipid 9.
[0231] [Example B-19]

A composition of Example B-19 was obtained in the same manner as in Example
B-14 except that as the cationic lipid, cationic lipid 14 of Example A-14 was used instead of
cationic lipid 9.
[0232] [Example B-20]

A composition of Example B-20 was obtained in the same manner as in Example
B-14 except that as the cationic lipid, cationic lipid 15 of Example A-15 was used instead of

cationic lipid 9.
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[0233] [Example B-21]

A composition of Example B-21 was obtained in the same manner as in Example
B-14 except that as the cationic lipid, cationic lipid 2 of Example A-2 was used instead of
cationic lipid 9.

[0234] (Analysis of compositions (5))

In the same manner as in analysis of compositions (1), the encapsulation rate of
siRNA in lipid complexes and the average particle diameter of lipid complexes were
measured for the compositions of Example B-14 to Example B-21. Table 5 shows the
encapsulation rate of siRNA and the average particle diameter (Z-average) and the

polydispersion index of lipid complexes.

[0235]

[Table 5]

Table 5

. T Encapsulation | Average particle | Polydispersion
Composition Cationic lipid rate (%) diameter (nm) index

Example B-14 9 80 84 0.11
Example B-15 10 94 78 0.14
Example B-16 11 96 71 0.06
Example B-17 12 98 78 0.16
Example B-18 13 99 77 0.12
Example B-19 14 99 73 0.05
Example B-20 15 99 74 0.06
Example B-21 2 99 87 0.16

[0236] (Preparation of compositions (6))
[Example B-22]
In the same manner as in preparation of compositions (1), a composition of Example

B-22 containing Factor VII siRNA was obtained using cationic lipid 16 of Example A-16.
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[0237] [Example B-23]

A composition of Example B-23 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 17 of Example A-17 was used instead of
cationic lipid 16.
[0238] [Example B-24]

A composition of Example B-24 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 18 of Example A-18 was used instead of
cationic lipid 16.
[0239] [Example B-25] .

A composition of Example B-25 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 19 of Example A-19 was used instead of
cationic lipid 16.
[0240] [Example B-26]

A composition of Example B-26 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 20 of Example A-20 was used instead of
cationic lipid 16.
[0241] [Example B-27]

A composition of Example B-27 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 21 of Example A-21 was used instead of
cationic lipid 16.
[0242] [Example B-28]

A composition of Example B-28 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 22 of Example A-22 was used instead of
cationic lipid 16.

[0243] [Example B-29]
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A composition of Example B-29 was obtained in the same manner as in Example
B-22 except that as the cationic lipid, cationic lipid 2 of Example A-2 was used instead of
cationic lipid 16.

(Analysis of compositions (6))

In the same manner as in analysis of compositions (1), the encapsulation rate of
siRNA in lipid complexes and the average particle diameter of lipid complexes were
measured for the compositions of Example B-22 to Example B-29. Table 6 shows the
encapsulation rate of siRNA and the average particle diameter (Z-average) and the

polydispersion index of lipid complexes.

[0244]

[Table 6]

Table 6

. ST Encapsulation | Average particle | Polydispersion
Composition Cationic lipid rate (%) Pr— index

Example B-22 16 72 87 0.12
Example B-23 17 97 80 0.08
Example B-24 18 97 90 0.13
Example B-25 19 97 78 0.18
Example B-26 20 97 91 0.11
Example B-27 21 96 90 0.13
Example B-28 22 97 82 0.14
Example B-29 2 99 87 0.16

[0245] (Preparation of compositions (7))
[Example B-30]

In the same manner as in preparation of compositions (1), a composition of Example
B-30 containing Factor VII siRNA was obtained using cationic lipid 1 of Example A-1.

[0246] [Example B-31]
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A composition of Example B-3.0 was obtained in the same manner as in Example
B-30 except that as the cationic lipid, cationic lipid 2 of Example A-2 was used instead of
cationic lipid 1.

[0247] [Example B-32]

A composition of Example B-32 was obtained in the same manner as in Example,
B-30 except that as the cationic lipid, cationic lipid 3 of Example A-3 was used instead of
cationic lipid 1.

[0248] [Example B-33]

A composition of Example B-33 was obtained in the same manner as in Example
B-30 except that as the cationic lipid, cationic lipid 4 of Example A-4 was used instead of
cationic lipid 1.

[0249] [Comparative Example B-5]

A composition of Comparative Example B-5 was obtained in the same manner as in
Example B-30 except that as the cationic lipid, ALN-319 described above was used instead of
cationic lipid 1.

[0250] (Analysis of compositions (7))

In the same manner as in analysis of compositions (1), the average particle diameter
(pre-storage average particle diameter) of lipid complexes were measured for the
compositions of Example B-30 to Example B-33 and Comparative Example B-5. The
compositions were further stored in sealed vials at 4°C and the average particle diameter
(post-storage average particle diameter) of lipid complexes after 3 months and 6 months was
measured. Table 7 shows the change in the average particle diameter (Z-average) of lipid
complexes. In the table, the change (%) in the average particle diameter was calculated by
post-storage average particle diameter (after 6 months)/pre-storage average particle diameter

x 100.
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[0251]

[Table 7]
Table 7
Pre-storage After 3 months After 6 months .
_ Change in
.. Cationic Average . . Average . . Average . . .
Composition .. . Polydispersion . Polydispersion . Polydispersion| average particle
lipid particle . particle . particle . . \
. index . index . index diameter (%)
diameter (nm) diameter (nm) diameter (nm)
Example B-30 1 87 0.11 88 0.09 91 0.12 105
Example B-31 2 78 0.09 80 0.12 85 0.14 109
Example B-32 3 77 0.10 79 0.12 83 0.12 108
Example B-33 4 86 0.11 85 0.11 87 0.08 101
Comparative | A1N.319 84 0.1 102 0.10 - 117 0.09 139
Example B-5
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[0252] It was demonstrated that the compositions of Example B-30 to Example B-33 had
average particle diameters that hardly changed after a storage of 6 months and were
physically more stable than the composition of Comparative Example B-5.

[0253] (Preparation of compositions (8))

[Example B-34]

A composition was prepared with cationic lipid 2 of Example A-2.  As the nucleic
acid, EPO mRNA was used.

[0254] EPO mRNA was dissolved in 10 mM sodium citrate (pH 4.0) at 80 pg/mL to obtain
a diluted mRNA solution. Cationic lipid 2, DOPE (NOF Corporation), Cholesterol (Nippon
Fine Chemical Co., Ltd.), MPEG2000-DMG (NOF Corporation) were dissolved in ethanol at
a ratio of 60/5.0/33.5/1.5 (molar ratio) so that the total lipid concentration was set to 2.25
mM, and then a lipid solution was obtained. The diluted mRNA solution and the lipid
solution were fed and mixed at flow rates of 3 mL/min and 1 mL/min, respectively, to obtain
a lipid complex aqueous solution. The obtained lipid complex aqueous solution was
subjected to dialysis using a dialysis membrane (product name “Float-A-Lyzer G2”,
SPECTRUM, Inc., 50K MWCO) to replace the external solution with phosphate buffer (PBS,
pH 7.4). After the dialysis, concentration and filter sterilization were performed, thereby
obtaining a composition of Example B-34.

[0255] [Example B-35]

A composition of Example B-35 was obtained in the same manner as in preparation
of compositions (1) except that as the nucleic acid, Luciferase siRNA was used instead of
Factor VII siRNA and as the cationic lipid, cationic lipid 2 of Example A-2 was used instead
of cationic lipid 1. Luciferase siRNA was annealed siRNA (GeneDesign Inc.) that consists
of a sense strand having a base sequence: 5’-CUUACGCUGAGUACUUCGAT*T-3’ (T:

DNA, *= Phosphorothioate linkage) (SEQ ID NO: 3) and an antisense strand having a base
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sequence: 5’-UCGAAGUACUCAGCGUAAGT*T-3" (T: DNA, *= Phosphorothioate
linkage) (SEQ ID NO: 4).
[0256] (Analysis of compositions (8))

In the same manner as in analysis of compositions (1), the encapsulation rate of
mRNA or siRNA in lipid complexes and the average particle diameter of lipid complexes
were measured for the compositions of Example B-34 and Example B-35. Table 8 shows
the encapsulation rate of mRNA or siRNA and the average particle diameter (Z-average) of

lipid complexes.

[0257]
[Table 8]
Table 8
Encapsulation | Average particle | Polydispersion
Composition Nucleic acid .
rate (%) diameter (nm) index
Example B-34 | EPO mRNA 98 105 0.06
Luciferase
Example B-35 ) 99 66 0.06
siRNA

It is confirmed that the compositions of Example B-34 and Example B-35 exhibit
high encapsulation rates of nucleic acid. ~This result indicates that the compositions of
Examples may be used for nucleic acid delivery regardless of the type of nucleic acids.
[0258] C. Test Examples
[Test Example 1]

The compositions of Example B-1 to Example B-3 and Comparative Example B-1
were diluted with PBS so that the Factor VII siRNA concentration encapsulated in lipid
complexes was 1 pg/mL or 5 pg/mL. The compositions were administered to ICR mice (5

weeks old, female, average weight: 25 g, n=3) via the tail vein at a dosage of 10 mL/kg, and
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the blood and liver were collected under anesthesia 24 hours after administration. The
plasma was separated from the blood by centrifugation and the Factor VII protein
concentration in the plasma was assayed using a commercially available kit (product name
“BIOPHEN FVII”, HYPHEN BioMed). As a negative control, the same treatment was
carried out in a group to which PBS was administered.

[0259] When setting the Factor VII protein concentration of the group to which PBS was
administered to 100%, the Factor VII pfotein concentrations of the groups to which the
compositions were administered were calculated as a relative value. The results are shown

in Fig. 1 and Table 9.

[0260]
[Table 9]
Table 9
Factor VII protein
siRNA dose (mg/kg) Composition Cationic lipid concentration
(relative value)
Example B-1 1 50%
Example B-2 2 46%
0.01 Example B-3 3 44%
Comparative
Example B-1 ALN-319 63%
Example B-1 1 13%
Example B-2 2 12%
0.05 Example B-3 3 11%
Comparative
Example B-1 ALN-319 21%

It is confirmed that the compositions of Example B-1 to Example B-3 have a higher

inhibitory effect on Factor VII protein expression than the composition of Comparative
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Example B-1. This result indicates that the compositions of Examples effectively release
nucleic acids into the cytoplasm.
[0261] [Test Example 2]

In the same manner as in Test Example 1, the compositions of Example B-4 and
Comparative Example B-1 were administered to ICR mice (5 weeks old, female, average
weight: 25 g, n=3) and the relative value of Factor VII protein concentration in the plasma 24

hours after administration was calculated. The results are shown in Fig. 2 and Table 10.

[0262]
[Table 10]
Table 10
Factor VII protein
siRNA dose (mg/kg) Composition Cationic lipid concentration
(relative value)
Example B-4 4 68%
0.01 .
Comparative ALN-319 77%
Example B-1
Example B-4 4 18%
0.05 .
Comparative ALN-319 24%
Example B-1

It is confirmed that the composition of Example B-4 has a higher inhibitory effect on
Factor VII protein expression than the composition of Comparative Example B-1.  This
result indicates that the compositions of Examples effectively release nucleic acids into the
cytoplasm.
[0263] [Test Example 3]

In the same manner as in Test Example 1, the composition of Example B-5 was

administered to ICR mice (5 weeks old, female, average weight: 25 g, n=3) and the relative

—
(e
~]




value of Factor VII protein concentration in the plasma 24 hours after administration was

calculated. The results are shown in Table 11.

[0264]
[Table 11]
Table 11
Factor VII protein
siRNA dose (mg/kg) Composition Cationic lipid concentration

(relative value)

0.01 Example B-5 5 77%

0.05 Example B-5 5 14%

It is confirmed that the composition of Example B-5 has a high inhibitory effect on
Factor VII protein expression. This result indicates that the compositions of Examples
effectively release nucleic acids into the cytoplasm.
[0265] [Test Example 4]

The compositions of Example B-11 and Comparative Example B-3 were diluted
with PBS so that the hEPO mRNA concentration encapsulated in lipid complexes was 1
ug/mL or 3 pg/mL. The compositions were administered to ICR mice (5 weeks old, female,
average weight: 25 g, n=3) via the tail vein at a dosage of 10 mL/kg, and the blood was
collected under anesthesia 24 hours after administration. The plasma was separated from
the blood by centrifugation and the hEPO protein concentration in the plasma was assayed
using a commercially available kit (product name “Human Erﬁhropoietin Quantikine IVD
ELISA Kit”, R&D Systems). As a negative control, the same treatment was carried out in a
group of mice without administration (no treatment) and a group of mice to which PBS was
administered. The results are shown in Table 12.

[0266]
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[Table 12]

Table 12
hEPO protein
mRNA dose (mg/kg) Composition Cationic lipid concentration
(pg/mL)
No treatment Not detected
PBS administration Not detected
0.01 Example B-11 2 29.7
Example B-11 2 2341
00 g;a“:rll’;f:‘tgg ALN-319 165.4

It is confirmed that the composition of Example B-11 has a higher effect of hREPO
protein expression than the composition of Comparative Example B-3.  This result indicates
that the compositions of Examples effectively release nucleic acids into the cytoplasm.
[0267] [Test Example 5]

The compositions of Example B-14 to Example B-21 were diluted with PBS so that
the Factor VII siRNA concentration encapsulated in lipid complexes was 3 pg/mL or 30
pg/mL. The compositions were administered to ICR mice (5 weeks old, female, average
weight: 25 g, n=3) via the tail vein at a dosage of 10 mL/kg, and the blood and liver were
collected under anesthesia 24 hours after administration. The plasma was separated from
the blood by centrifugation and the Factor VII protein concentration in the plasma was
assayed using a commercially available kit (product name “BIOPHEN FVII”, HYPHEN
BioMed). As anegative control, the same treatment was carried out in a group to which
PBS was administered.

[0268] When the Factor VII protein concentration of the group to which PBS was
administered was set to 100%, the Factor VII protein concentrations of the groups to which

the compositions were administered were calculated as a relative value. The results are




shown in Table 13.

[0269]

[Table 13]

Table 13

Factor VII protein
siRNA dose (mg/kg) Composition Cationic lipid concentration
(relative value)
Example B-14 9 38%
Example B-15 10 69%
Example B-16 11 71%
0.03 Example B-17 12 52%
Example B-18 13 93%
Example B-19 14 88%
Example B-20 15 44%
Example B-21 2 45%
Example B-14 9 7%
Example B-15 10 15%
Example B-16 11 19%
53 Example B-17 12 3%

Example B-18 13 93%
Example B-19 14 57%
Example B-20 15 2%
Example B-21 2 2%

[0270] [Test Example 6]

In the same manner as in Test Example 5, the compositions of Example B-22 to

Example B-29 were administered to ICR mice (5 weeks old, female, average weight: 25 g,

n=3) and the relative value of Factor VII protein concentration in the plasma 24 hours after

administration was calculated. The results are shown in Table 14.

[0271]
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[Table 14]

Table 14
Factor VII protein
siRNA dose (mg/kg) Composition Cationic lipid concentration
(relative value)

Example B-22 16 45%
Example B-23 17 51%
Example B-24 18 101%

003 Example B-25 19 53%
Example B-26 20 18%
Example B-27 21 62%
Example B-28 22 59%
Example B-29 2 20%
Example B-22 16 6%
Example B-23 17 4%
Example B-24 18 83%
Example B-25 19 4%

03 Example B-26 20 <1%
Example B-27 2] 23%
Example B-28 22 <1%
Example B-29 2 1%

[0272] [Test Example 7]

The composition of Example B-34 encapsulating EPO mRNA was diluted with PBS

so that the RNA concentration encapsulated in the lipid complex was 30 pg/mL. The

compositions were administered to BALB/c mice (female, n=4) via the tail vein at a dosage

of 10 mL/kg, and the blood was collected under anesthesia 1 day and 4 days after

administration. The plasma was separated from the blood by centrifugation and the hEPO

protein concentration in the plasma was assayed using a commercially available kit (product

name “Human Erythropoietin Quantikine IVD ELISA Kit”, R&D Systems). The number of
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reticulocytes was also measured.  As negative controls, the same treatment was carried out

in a group of mice without administration (no treatment) and a group of mice to which the

composition of Example B-35 encapsulating Luciferase siRNA was administered. The

results are shown in Table 15.

[0273]
[Table 15]
Table 15
hEPO Number of
Nucleic _ )
Administered Day(s) after | concentration | reticulocytes
Composition | acid dose 5
sample (mg/ke) administration (pg/mL) (10°/L)
mg/kg
(Ave £ S.D.) | (Avet S.D.)
No treatment - - - Not detected 435+ 57
Luc siRNA | Example B-35 0.30 1 day Not detected 404 £ 74
EPO mRNA | Example B-34 0.30 1 day 3175+£379 310+ 25
Luc siRNA | Example B-35 0.30 4 days Not detected | 330+ 101
EPO mRNA | Example B-34 0.30 4 days Not detected 615 %60

[0274] In the no treatment group and the Luc siRNA administration group, hEPO was not

detected, while in the EPO mRNA administration group, hEPO was detected 1 day after

administration.

of reticulocytes increased 4 days after administration.

It was also confirmed that due to the action of generated EPO, the number

This result indicates that the

compositions of Examples effectively release nucleic acids into the cytoplasm.

[0275] From the above results, according to the cationic lipid of the present invention, it is
possible to release effectively nucleic acids into the cytoplasm. In addition, according to the
cationic lipid of the present invention, it is possible to suppress an increase in the particle

diameter of lipid complexes after a storage over a certain period of time.
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INDUSTRIAL APPLICABILITY
[0276] According to the present invention, it is possible to provide a cationic lipid that can

effectively release nucleic acids into the cytoplasm.



CLAIMS

1. A compound represented by formula (1a) below or a pharmaceutically acceptable salt

O

]
O HH[:
X
Ry 1
1 C)jJHML1 L;’ *\R

thereof:

2 {(1a)

wherein L, and L, independently represent an alkylene group having 3 to 10 carbon
atoms; R, and R, independently represent an alkyl group having 4 to 22 carbon atoms
or an alkenyl group having 4 to 22 carbon atoms; X; represents a single bond or

-C0-0-; and the ring P represents any of formulae (P-1) to (P-5) below:

(P-1) (P-2) (P-3) (P-4) (P-5)

wherein R, represents an alkyl group having 1 to 3 carbon atoms.

2. The compound according to claim 1 represented by formula (1) or a pharmaceutically

acceptable salt thereof:

114



wherein L, and L, independently represent an alkylene group having 3 to 10 carbon
atoms; R, and R, independently represent an alkyl group having 4 to 22 carbon atoms

or an alkenyl group having 4 to 22 carbon atoms; and X, represents a single bond

or —C0-0-.

3. The compound according to claim 1, selected from the group consisting of compounds

represented by formulae (A1) to (A22) below, or a pharmaceutically acceptable salt thereof:
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4. The compound according to claim 1 represented by formula (Al) below, or a

pharmaceutically acceptable salt thereof:

N~
@)
\/\D\/ ’
O
(A1)
@)
5. The compound according to claim 1 represented by formula (A2) below, or a
pharmaceutically acceptable salt thereof:
N’f
o
O
(AZ2)
0
\/\\A‘/;I’/\/ I
6. The compound according to claim 1 represented by formula (A3) below, or a

pharmaceutically acceptable salt thereof:
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7. The compound according to claim 1 represented by formula (A4) below, or a

pharmaceutically acceptable salt thereof:

8]

OO S 1

8. The compound according to claim 1, represented by formula (A5) below, or a

pharmaceutically acceptable salt thereof:

N,/
o &)
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o (A5)
A=
9. The compound according to claim 1, represented by formula (A9) below, or a
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pharmaceutically acceptable salt thereof:

o (A9)

10. The compound according to claim 1, represented by formula (A12) below, or a

pharmaceutically acceptable salt thereof:

(@]
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o (A12)
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11. The compound according to claim 1, represented by formula (A15) below, or a
pharmaceutically acceptable salt thereof:
"\H-\N/
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12. The compound according to claim 1, represented by formula (A20) below, or a

pharmaceutically acceptable salt thereof:

) ad
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13. A lipid complex comprising:

(I) the compound according to claim 1 or a pharmaceutically acceptable salt
thereof; and

(IT) at least one lipid selected from the group consisting of a neutral lipid,

a polyethylene glycol-modified lipid and a sterol.

14. A composition comprising:

(I) the compound according to claim 1 or a pharmaceutically acceptable salt
thereof’;

(IT) at least one lipid selected from the group consisting of a neutral lipid,
a polyethylene glycol-modified lipid and a sterol; and

(ITII) a nucleic acid

15. A method for producing a composition, the method comprising:
the step of mixing a polar organic solvent—-containing aqueous solution containing

(I) the compound according to claim 1 or a pharmaceutically acceptable salt thereof, and
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(IT) at least one lipid selected from the group consisting of a neutral lipid, a polyethylene

glycol-modified lipid and a sterol with an aqueous solution containing (III) a nucleic

acid to obtain a mixed solution; and

the step of reducing a content percentage of the polar organic solvent in the mixed

solution.

122



