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BIODEGRADABLE LIPIDS FOR THE
DELIVERY OF ACTIVE AGENTS

This application 1s a continuation of U.S. patent applica-

2

phobic chain) of the cationic or PEG lipid. These cationic
and PEG lipids may be incorporated into a lipid particle for
delivering an active agent, such as a nucleic acid (e.g., an
siRNA). The mcorporation of the biodegradable group(s)

tion Ser. No. 17/302,311, filed Apr. 29, 2021, which is a > into the lipid results in faster metabolism and removal of the

continuation of Ser. No. 16/520,183, filed Jul. 23, 2019, now
U.S. Pat. No. 11,071,784, which 1s a continuation of U.S.
patent application Ser. No. 14/677,801, filed Apr. 2, 2015,
now U.S. Pat. No. 10,369,226, which 1s a continuation of
U.S. patent application Ser. No. 13/708,383, filed Dec. 7,
2012, now U.S. Pat. No. 9,061,063, which claims the benefit
of U.S. Provisional Application No. 61/568,133, filed Dec.
7, 2011, and U.S. Provisional Application No. 61/623,274,
filed Apr. 12, 2012, each of which 1s hereby incorporated by
reference.

TECHNICAL FIELD

The present invention relates to biodegradable lipids and
to their use for the delivery of active agents such as nucleic
acids.

BACKGROUND

Therapeutic nucleic acids include, e.g., small interfering
RNA (siRNA), micro RNA (miRNA), antisense oligonucle-
otides, ribozymes, plasmids, immune stimulating nucleic
acids, antisense, antagomir, antimir, microRNA mimic,
supermir, Ul adaptor, and aptamer. In the case of siRNA or
miRNA, these nucleic acids can down-regulate intracellular
levels of specific proteins through a process termed RNA
interference (RNA1). The therapeutic applications of RNA1
are extremely broad, since siRNA and miRNA constructs
can be synthesized with any nucleotide sequence directed
against a target protein. To date, siRNA constructs have
shown the ability to specifically down-regulate target pro-
teins 1n both 1n vitro and 1n vivo models. In addition, siRNA
constructs are currently being evaluated 1n clinical studies.

However, two problems currently faced by siRNA or
miRNA constructs are, first, their susceptibility to nuclease
digestion 1n plasma and, second, their limited ability to gain
access to the mtracellular compartment where they can bind
the protein RISC when administered systemically as the free
s1IRNA or miRNA. Lipid nanoparticles formed from cationic
lipids with other lipid components, such as cholesterol and
PEG lipids, and oligonucleotides (such as siRNA and
miRNA) have been used to facilitate the cellular uptake of
the oligonucleotides.

There remains a need for improved cationic lipids and
lipid nanoparticles for the delivery of oligonucleotides.
Preferably, these lipid nanoparticles would provide high
drug:lipid ratios, protect the nucleic acid from degradation
and clearance 1n serum, be suitable for systemic delivery,
and provide intracellular delivery of the nucleic acid. In
addition, these lipid-nucleic acid particles should be well-
tolerated and provide an adequate therapeutic index, such
that patient treatment at an effi

ective dose of the nucleic acid
1s not associated with significant toxicity and/or risk to the
patient.

SUMMARY

The present invention relates to a cationic lipid and PEG
lipid suitable for forming nucleic acid-lipid particles. Each
of the cationic and PEG lipids of the present invention
includes one or more biodegradable groups. The biodegrad-
able groups are located in a lipidic moiety (e.g., a hydro-
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lipid from the body following delivery of the active agent to
a target area. As a result, these lipids have lower toxicity than
similar lipids without the biodegradable groups.

In one embodiment, the cationic lipid 1s a compound of
formula (I), which has a branched alkyl at the alpha position
adjacent to the biodegradable group (between the biodegrad-
able group and the tertiary carbon):

Formula (I)

m ,4)\(%\.
R2 " YX <,

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein
R' 1s absent, hydrogen, or alkyl (e.g., C,-C, alkyl);
with respect to R' and R?,
(1) R' and R* are each, independently, optionally substi-
tuted alkyl, alkenyl, alkynyl, cycloalkylalkyl, hetero-
cycle, or R'Y;
(i1) R' and R?, together with the nitrogen atom to which
they are attached, form an optionally substituted het-
erocylic ring; or
(iii) one of R' and R* is optionally substituted alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, or hetero-
cycle, and the other forms a 4-10 member heterocyclic
ring or heteroaryl (e.g., a 6-member ring) with (a) the
adjacent nitrogen atom and (b) the (R)_ group adjacent
to the mitrogen atom;
each occurrence of R is, independently, —(CR’R*)—;
each occurrence of R® and R* are, independently H,
halogen, OH, alkyl, alkoxy, —NH,, R'®, alkylamino, or
dialkylamino (in one preferred embodiment, each occur-
rence of R® and R* are, independently H or C,-C, alkyl);

each occurrence of R'® is independently selected from
PEG and polymers based on poly(oxazoline), poly(ethylene
oxide), poly(vinyl alcohol), poly(glycerol), poly(IN-vi-
nylpyrrolidone), poly[N-(2-hydroxypropyl)methacrylam-
ide] and poly(amino acid)s, wherein (1) the PEG or polymer
1s linear or branched, (11) the PEG or polymer 1s polymerized
by n subunits, (111) n 1s a number-averaged degree of
polymerization between 10 and 200 units, and (1v) wherein
the compound of formula has at most two R'® groups
(preferably at most one R'® group);

the dashed line to QQ 1s absent or a bond;

when the dashed line to Q 1s absent then Q 1s absent or 1s

R

O—, —NH—, —S— —(C(0)—, —(C(0)0—, —0OC
(0)—, —C(ONRH—, —NRC(O)—, —S—S—, —0OC
(0)YO—, —O—N—C(R’)—, —C(R°>)=N—0O—, —0OC(0)
N(R>)—, —N(R)C(ON(R>)—, —N(R)C(O)O—,
—C(0)S—, —C(S)O— or —C(R)=N—O—C(O)—; or

when the dashed line to Q 1s a bond then (1) b 1s 0 and (11)
Q and the tertiary carbon adjacent to it (C*) form a substi-
tuted or unsubstituted, mono- or bi-cyclic heterocyclic group
having from 5 to 10 ring atoms (e.g., the heteroatoms 1n the
heterocyclic group are selected from O and S, preferably O);
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each occurrence of R” is, independently, H or alkyl (e.g.
C,-C, alkyl);

X and Y are each, independently, alkylene or alkenylene
(e.g., C, to C,, alkylene or C, to C,, alkenylene);

M' and M?* are each, independently, a biodegradable
group (e.g., —OC(O)—, —C(O)O—, —SC(O)—, —C(0O)
S, —OC(S)—, —C(S)O—, — S8 C(R)=N_,
_N—CR’)—, —C(R)=N—0O—, — O N—CR>—,
—C(O)NR)—,  —NR)CO)—,  —C(S)(NR*)—,
_NERHCO)—, —NRHCOINRY)—, —OCOY0—.
__OSi(R®),0—, —C(OYCR*RHC(O)O—, —OC(O)

(CR’RHC(O)—, or

5

(wherein R'" is a C,-C, alkyl or alkenyl)):

cach occurrence of R” 1s, independently, C,-C, alkyl (e.g.,
methyl, ethyl, 1sopropyl, n-butyl, n-pentyl, or n-hexyl);

ais 1, 2, 3,4, 5 or 6;

b1s 0, 1, 2, or 3; and

7" and Z* are each, independently, C.-C, , alkyl or C,-C, ,
alkenyl, wherein the alkenyl group may optionally be sub-
stituted with one or two fluorine atoms at the alpha position
to a double bond which 1s between the double bond and the
terminus of Z' or Z°

A_X
cg. )ﬁﬂ).

The RR'R°N—(R) -Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-
ment, R'R'R°N—(R) _-Q-(R),— is (CH,),N—(CH,),—C
(0)0—, (CH,),N—(CH,),—NH—C(0)0—, (CH,),N—
(CH,)>,—OC(O)—NH—, or (CH;),N—(CH,);—C(CH;)
—N—O—.

In one embodiment, R' and R* are both alkyl (e.g.,
methyl).

In a further embodiment, a 1s 3. In another embodiment,
b 1s O.

In a further embodiment, ai1s 3, b1s O and R 1s —CH,—.
In yet a further embodiment, a1s 3, b1s 0, R 1s —CH,— and
Q is —C(0O)O—. In another embodiment, R' and R* are
methyl, a1s 3, b1s 0, R 1s —CH,— and Q 1s —C(O)O—.

In another embodiment, X and Y are each, independently

—(CH,),— wherem n 1s 4 to 20, e.g., 4 to 18, 4 to 16, or 4

to 12. In one embodiment, n1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are (CH2)6 . In
another embodiment, X and Y are —(CH,).—. In yet
another embodiment, X and Y are —(CH,),— In yet

another embodiment, X and Y are —(CH,, ),—
In further embodiments, M' and M? are each, indepen-

dently, —OC(O)— or —C(O)O—. For example, 1n one
embodiment, M" and M~ are each —C(O)O—.
In another embodiment, the cationic lipid 1s a compound

of formula (II), which has a branched alkyl at the alpha
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4

position adjacent to the biodegradable group (between the
biodegradable group and the terminus of the tail, i.e., Z' o

77):

Formula (II)

X
Sz

H R”

,(RL /(RH/

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein
R' 1s absent, hydrogen, or alkyl (e.g., C,-C, alkyl);
with respect to R' and R?,
(1) R' and R are each, independently, optionally substi-
tuted alkyl, alkenyl, alkynyl, cycloalkylalkyl, hetero-
cycle, or R'%;
(i1) R' and R”, together with the nitrogen atom to which
they are attached, form an optionally substituted het-
erocylic ring; or
(iii) one of R' and R* is optionally substituted alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, or hetero-
cycle, and the other forms a 4-10 member heterocyclic
ring or heteroaryl (e.g., a 6-member ring) with (a) the
adjacent nitrogen atom and (b) the (R)_ group adjacent
to the mitrogen atom;
each occurrence of R is, mdependently,, —(CR’R*)—;
each occurrence of R® and R* are, independently H,
halogen, OH, alkyl, alkoxy, —NH., Rle alkylamino, or
dialkylamino (in one preferred embodiment, each occur-
rence of R® and R* are, independently H or C,-C, alkyl);

each occurrence of R'” is independently selected from
PEG and polymers based on poly(oxazoline), poly(ethylene
oxide), poly(vinyl alcohol) poly(glycerol), poly(IN-vi-
nylpyrrolidone), poly[N-(2-hydroxypropyl)methacrylam-
ide] and poly(amino acid)s, wherein (1) the PEG or polymer
1s linear or branched, (11) the PEG or polymer 1s polymerized
by n subunits, (111) n 1s a number-averaged degree of
polymerization between 10 and 200 units, and (1v) wherein
the compound of formula has at most two R'® groups
(preferably at most one R'® group);

the dashed line to Q 1s absent or a bond;

when the dashed line to Q 1s absent then Q 1s absent or 1s

O—, —NH—, —S—, —C(O)—, —C(0)0—, —0OC
(0)— —C(ON(R*)—, —NR*)C(O)—, —S—8—, —OC
(0)O—, —O—N—C(R’>)—, —C(R°)=N—0O—, —0OC(0)
NR’)—  —NR)CONR)—  —NR)C(O)O—,
—C(0)S—, —C(S)O— or —C(R)=N—O—C(O)—; or

when the dashed line to Q 1s a bond then (1) b 1s 0 and (11)

Q and the tertiary carbon adjacent to it (C*) form a substi-
tuted or unsubstituted, mono- or bi-cyclic heterocyclic group
having from 5 to 10 ring atoms (e.g., the heteroatoms in the
heterocyclic group are selected from O and S, preferably O);

each occurrence of R” is, independently, H or alkyl;

X and Y are each, independently, alkylene (e.g., C.-C,
alkylene) or alkenylene, wherein the alkylene or alkenylene
group 1s optionally substituted with one or two fluorine

atoms at the alpha position to the M' or M* group

(e.g., );
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M' and M® are each, independently, a biodegradable

group (e.g., —OC(O)—, —C(0O)O—, —SC(O)—, —C(O)
S—, —0OC(S)—, —CS8O—, —S—S—, —CR)==N—,
— N=—C(R’)—, —CR)=N—0O—, —O—N=——CR)—,
—CO)NR?)—,  —NR)CO)—,  —C(S)NR*)—,
—NR)C(O)—, —NERICONR)>—, —OCOO—,
—0OSi(R*),0—, —C(O)(CR’RHC(O)O—, —OC(0)
(CR’RHC(O)—, or
% O—R!

(wherein R is a C,-C,, alkyl or alkenyl));

cach occurrence of R” 1s, independently, C,-C, alkyl (e.g.,
methyl, ethyl, 1sopropyl);

ais 1, 2, 3,4, 5or 6;

b1s 0, 1, 2, or 3; and

7' and Z* are each, independently, C,-C,, alkyl or C,-C, .,
alkenyl, wherein (1) the alkenyl group may optionally be
substituted with one or two fluorine atoms at the alpha
position to a double bond which 1s between the double bond
and the terminus of Z" or Z°

<X
(e.g., &)

and (ii) the terminus of at least one of Z' and Z” is separated
from the group M' or M* by at least 8 carbon atoms.

In another embodiment, X and Y are each, independently
—(CH,),— wherein n 1s 4 to 20, e.g., 4 to 18, 4 to 16, or 4
to 12. In one embodiment, n1s 4, 5,6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CHZ)6

another embodiment, X and Y are —(CH,)— yet
another embodiment, X and Y are —(CH,);—. In yet
another embodiment, X and Y are —(CH,),—

The RR'R°N—(R) -Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-

ment, RR'R>N-(R), -Q-(R), — is (CH;),N—(CH,),C
(0)O—, (CH,),N—(CH,), NH—C(0)0—, (CH,),N—
(CH,), —OC(O)—NH—, or (CH,),N—(CH,);C(CH,)
~N-—O—.

In another embodiment, the cationic lipid 1s a compound
of formula (III), which has a branching point at a position
that 1s 2-6 carbon atoms (i.e., at the beta (), gamma (v),
delta (8), epsilon (&) or zeta position (C)) adjacent to the
biodegradable group (between the biodegradable group and
the terminus of the tail, i.e., Z' or Z*):

Formula (I1I)
Zl

R;/ ) S oA /(R)\( R

H R”
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6

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

R' R'" R*, R,R’, R*, R'°, Q, R°>, M', M*, R?, a, and b are
defined as 1n formula (I);

L' and L* are each, independently, C,-C. alkylene or
C,-C; alkenylene;

X and Y are each, independently, alkylene (e.g., C, to C,,
alkylene or C,-C, alkylene) or alkenylene (e.g., C, to C,,
alkenylene); and

7' and 7Z° are each, independently, C4-C, ., alkyl or C4-C, .,
alkenyl, wherein the alkenyl group may optionally be sub-

stituted with one or two fluorine atoms at the alpha position
to a double bond which 1s between the double bond and the

terminus of Z! or 7~

<

(€.8.» ),

FF

and with the proviso that the terminus of at least one of Z'
and 7~ is separated from the group M' or M~ by at least 8
carbon atoms.

In one embodiment, L' and L* are each —CH,—. In
another embodiment, Ll and L* are each —(CH.,,),—. In one
embodiment, L' and L* are each —(CI . In yet another
embodiment, L' and L* are each —(CI . In yet another
embodiment, L' and L.* are each —(CH,,).—. In yet another
embodiment, L' and L.* are each —CH,—CH—CH—. In a
preferred embodiment, L' and > are each —CH,— or

—(CH,)».

In one embodiment, X and Y are each, independently
—(CH,), whereinnis 4 to 20, e.g., 4 to 18, 4 to 16, or 4 to

12. In one embodiment, n 1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CH,),—
another exemplary embodiment, X and Y are —(CH,)—
In yet another exemplary embodiment, X and Y are
—(CHy)o—.

The R'R'R*N—(R) _-Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-
ment, R'R'R°N—R) -Q-(R),— is (CH,),N—(CH,),—C
(0)O—, (CH;),N—(CH,),—NH—C({0O)O—, (CH;),N—
(CH,),—0OC(0)—NH—, or (CH;),N-—(CH,);—C(CHj;)
—N—O

In another embodiment, the cationic lipid 1s a compound
of formula (IIIA), which has a branching point at a position
that 1s 2-6 carbon atoms (1.e., at the beta (§), gamma (y),
delta (), epsilon (g) or zeta position (C)) from the biode-

gradable groups M' and M~ (i.e., between the biodegradable
group and the terminus of the tail, i.e., Z" or Z°):

2)3
2)4

Formula (1I1IA)

1
R\ AR) . (R} , X L £
bbbt
L )
R | e L o~ . R?
R? UYL IR Z?
MZ
Ho R

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereot), wherein
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R', R, R*, R, R’, R*, R'®, Q, R>, M", M?, a, and b are X and Y are each, independently, alkylene (e.g., C, to C,,
defined as in formula (I); alkylene or C,-C, alkylene) or alkenylene (e.g., C, to C,,

s alkenylene or C,-C, alkenylene); and
cach R” 1s, independently, C,-C, alkyl (e.g., C;-C alkyl or 7' and 72 are each, independently, C,-C, alkyl (e.g.,

C,-C5 alkyl); 5 C,-Cs alkyl, such as C,, C, or C; alkyl) or C,-C, alkenyl
L' and L~ are each, independently, C,-C. alkylene (e.g., (such as C,-C, alkenyl);

C,-C; alkylene) or C,-C. alkenylene; wherein said cationic lipid 1s not one selected from:
O
O O
N
e 7 O
O
n=0-2
O
O O
‘ W’I\ I
N
~ » O
O
n=0-2
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O\/\/\/\/ V AN
T

\/\ﬂ/\f\/\(

\/O\[(\]/\/\l/
O

In one embodiment, L' and L* are each —(CH,),—. In
another embodiment, L' and L* are each —(CH.,,),—

In one embodiment, X and Y are each, independently
—(CH,), whereinn 1s 4 to 20, e.g., 4 to 18, 4 to 16, 4 to 12
or 7-9. In one embodiment, ni1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CH,)—. In yet
another exemplary embodiment, X and Y are —(CH2)9
In one preferred embodiment, M' and M* are —C(O)O—

(where the carbonyl group in Ml and M” is bound to the
variable X, and the oxygen atom in M' and M* is bound to
the variable L' and L°).

The RR'R°N—(R) -Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-
ment, R'R'R°N—(R) -Q-(R),— is (CH,),N—(CH,),—C
(0)O—, (CH;3),N—(CH,),—NH—C(O)O—, (CH;),N—
(CH,)>,—OC(O)—NH—, or (CH;),N—(CH,);—C(CH;)
—N—O—.

In one preferred embodiment, Z' and Z* are branched
alkyl or branched alkenyl groups.

In one embodiment of formula (IIIA), Z', Z*, and each R”
are C5-C, alkyl (such as a C;-C, alkyl). In another embodi-
ment of formula (IIIA), Z', 7%, and each R are C,-C,
branched alkyl (such as a C,-C, branched alkyl). In yet
another embodiment of formula (IITA), Z', Z°, and each R”
are C,-C, straight alkyl (such as a C;-C straight alkyl).

In one embodiment of formula (II1A), the branching point
1s at the second position (the P-position) from the biode-
gradable groups M' and M~ in each tail. Z', Z*, and each R”
can be C,-C, alkyl (e.g., a C,-C alkyl), such as a C;-C,
branched alkyl (e.g., a C;-C, branched alkyl) or a C;-C,
straight alkyl (e.g., a C5-C, straight alkyl). In one preferred
embodiment, M' and M* are —C(O)O— (where the carbo-

nyl group in M" and M~ is bound to the variable X, and the
oxygen atom in M' and M~ is bound to the variable L' and/or
L.

In one embodiment of formula (IIIA), the branching point
1s at the third position (the y-position) from the biodegrad-
able groups M' and M~ in each tail. Z', Z*, and each R” can
be C,-C, alkyl (e.g., a C,-C, alkyl), such as a C;-C,
branched alkyl (e.g., a C;-C, branched alkyl) or a C;-C,
straight alkyl (e.g., a C;-C, straight alkyl). In one preferred
embodiment, M' and M~ are —C(Q)O— (where the carbo-
nyl group in M' and M” is bound to the variable X, and the
oxygen atom in M' and M? is bound to the variable L' and/or
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In one embodiment of formula (IIIA), the branching point
1s at the third position (the y-position) from the biodegrad-
able groups M' and M~ in each tail.

In another embodiment of formula (IIIA), M' and/or M~
are not —QO(C(O)— (where the oxygen atom in M" and/or
M~ is bound to the variable X, and the carbonyl in M' and/or
M~ is bound to the variable L' and/or L*). In yet another
embodiment of formula (I1IA), Z*, 77, and R” are not C,-C,
cycloalkyl(C, -C, alkyl).

In another embodiment, the cationic lipid 1s a compound
of formula (IV), which has a branching point at a position
that 1s 2-6 carbon atoms (i.e., at beta (), gamma (v), delta
(0), epsilon (&) or zeta position (C)) adjacent to the biode-
gradable group (between the biodegradable group and the
terminus of the tail, i.e., Z' or Z*):

Formula (IV)

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

R, R" R*>,R,R°>, R* R, Q,R>, M', M*, R®, a, and b are
defined as 1n formula (I);

L' and L.* and are each, independently, C,-C. alkylene or
C,-C; alkenylene;

X and Y are each, independently, alkylene or alkenylene
(e.g., C,,-C,, alkylene or C,,-C,, alkenylene); and

each occurrence of Z 1s independently C,-C, alkyl (pret-
erably, methyl).

For example, in one embodiment, -L.'-C(Z), is —CH,C
(CH.,),. In another embodiment, -L.'-C(Z), is —CH,CH,,C
(CH;)s.

In one embodiment, the total carbon atom content of each
tail (e.g., -L'-C(Z), or —Y-M>-L.>-C(Z),) is from
about 17 to about 26. For example, the total carbon atom
content can be from about 19 to about 26 or from about 21
to about 26.

In another embodiment, X and Y are each, independently
—(CH,), — wheremnn 1s 4 to 20, e.g., 4 to 18, 4 to 16, or 4
to 12. In one embodiment, ni1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CH,).—
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another embodiment, X and Y are —(CH,)— In vet
another embodiment, X and Y are —(CH,),— In yet
another embodiment, X and Y are —(CH,, ),—.

In one embodiment, the cationic lipid 1s a compound of
formula (V), which has an alkoxy or thioalkoxy (i1.e., —S-
alkyl) group substitution on at least one tail:

R! /GR%\ A,R b YA
>N ~Q N M
R" | 'I‘ Jl

Z2

Formula (V)

R2 "‘“-*#

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

R', R', R, R, R°, R* R', Q, R, M', M?, a, and b are
defined as 1n formula (I);

X and Y are each, independently, alkylene (e.g., C.-Cq
alkylene) or alkenylene, wherein the alkylene or alkenylene
group 1s optionally substituted with one or two fluorine
atoms at the alpha position to the M' or M* group

(e.g., );

7" and Z* are each, independently, C-C, , alkyl or C,-C, .,
alkenyl, wherein (1) the C,-C, , alkyl or C,-C, , alkenyl of at
least one of Z' and Z” is substituted by one or more alkoxy
(e.g., a C,-C, alkoxy such as —OCH,) or thioalkoxy (e.g.,
a C,-C, thioalkoxy such as —SCH,) groups, and (11) the
alkenyl group may optionally be substituted with one or two
fluorine atoms at the alpha position to a double bond which
is between the double bond and the terminus of Z' or Z~

X

(e.g., ).

In one embodiment, the alkoxy substitution on Z' and/or
77 is at the beta position from the M' and/or M* group.

In another embodiment, X and Y are each, independently

—(CH,), — wheremn n 1s 4 to 20, e.g., 4 to 18, 4 to 16, or 4
to 12. In one embodiment, n1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CH,).—. In

another embodiment, X and Y are —(CH,),—. In yet
another embodiment, X and Y are —(CH,)s;— In vet
another embodiment, X and Y are —(CH,,),—.

The RR'R°N—(R)_-Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-
ment, RR'R"N—(R)_-Q-(R),— is (CH,),N—(CH,),—C
(0)0—, (CH,),N—(CH,),—NH—C(0)0—, (CH,),N—
(CH,)>,—OC(O)—NH—, or (CH;),N—(CH,);—C(CH;)
—N—0O—.

In one embodiment, the cationic lipid 1s a compound of
tormula (VIA), which has one or more fluoro substituents on
at least one tail at a position that 1s either alpha to a double
bond or alpha to a biodegradable group:
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12
Formula (VIA)
R]
(R)z R)p_ , R’
R’—I‘:JH '--..Q.--"' E}\‘/
R2 RIU

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

R', R% R, a, and b are as defined with respect to formula
(D:

Q 1s absent or 15 —O—, —NH—, —S—, —C(0O)—,
O -, —S S . —0CO0— —O—_N—CR>) .
_ C(RH=N—0O—, —OCONR’)—, —NR>C(ON
(RS)—,, —N(RS)C(O)O—j —C(O)S—, —C(S)O— or

—C(R*)=N—0O—C(O)—;

R' 1s absent, hydrogen, or alkyl (e.g., C,-C, alkyl); and

each of R” and R'® are independently C,,-C,, alkyl (e.g.,
C,,-C,, alkyl), C,,-C,, alkenyl (e.g., C,,-C,, alkenyl), or
C,,-C,, alkoxy (e.g., C,,-C,, alkoxy) (a) having one or
more biodegradable groups and (b) optionally substituted
with one or more fluorine atoms at a position which 1s (1)
alpha to a biodegradable group and between the biodegrad-
able group and the tertiary carbon atom marked with an
asterisk (*), or (11) alpha to a carbon-carbon double bond and
between the double bond and the terminus of the R” or R*"
group; each biodegradable group independently interrupts
the C,,-C,, alkyl, alkenyl, or alkoxy group or 1s substituted
at the terminus of the C,,-C,, alkyl, alkenyl, or alkoxy
group,
wherein

(1) at least one of R” and R'® contains a fluoro group;

(11) the compound does not contain the following moiety:

T |
Y
wdnn, O
O
wherein ---- 1s an optional bond; and

(ii1) the terminus of R” and R'’ is separated from the
tertiary carbon atom marked with an asterisk (*) by a chain

of 8 or more atoms (e.g., 12 or 14 or more atomsg).
In one preferred embodiment, the terminus of R” and R*°

1s separated from the tertiary carbon atom marked with an
asterisk (*) by a chain of 18-22 carbon atoms (e.g., 18-20

carbon atoms).

In another embodiment, the terminus of the R” and/or R*®
has the formula —C(O)O—CF,.

In another embodiment, the cationic lipid 1s a compound
of formula (VIB), which has one or more fluoro substituents
on at least one tail at a position that 1s either alpha to a
double bond or alpha to a biodegradable group:

Formula (VIB)
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or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

R, R, R*, R, R°, R* R'°, Q, R>, M', M?, a, and b are
defined as 1n formula (I);

X and Y are each, independently, alkylene (e.g., C.-Cq
alkylene) or alkenylene, wherein the alkylene or alkenylene
group 1s optionally substituted with one or two fluorine
atoms at the alpha position to the M' or M* group

(e.g., );

and

7" and 77 are each, independently, C-C,, alkyl or C,-C, .,
alkenyl, wherein said Cg.-C,, alkenyl 1s optionally substi-
tuted by one or more fluorine atoms at a position that 1s alpha

to a double bond
If{ I3 F

(.8, ),

wherein at least one of X, Y, Z', and Z~* contains a fluorine
atom.

In one embodiment, at least one of Z' and 7~ is substituted
by two fluoro groups at a position that 1s either alpha to a
double bond or alpha to a biodegradable group. In one

embodiment, at least one of Z' and Z* has a terminal —CF,
group at a position that 1s alpha to a biodegradable group
(i.e., at least one of Z' and Z* terminates with an —C(O)

OCF; group).
For example, at least one of Z' and Z* may include one or

more of the following moieties:
b b
Sy K YE{
W CF3

O

CF;

In one embodiment, X and Y are each, independently
—(CH,), whereinn is 4 to 20, e.g., 4 to 18, 4 to 16, or 4 to
12. In one embodiment, n 1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CH,),—
another exemplary embodiment, X and Y are —(CH,)o—
In yet another embodiment, X and Y are —(CH, )s—

The RR'R°N—(R) -Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-

ment, R'RIRZN—(R)Q'Q'(R)&;— 1s (CH;3),N—(CH,);—C
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14
— (CH,),—NH—C(0)0O—, (CH;),N—

(0)O—, (CH;),N
(CH,),—0OC(0)—NH—, or (CH;),N-—(CH,);—C(CHj;)

—N—0

In one embodiment, the cationic lipid 1s a compound of
formula (VII), which has an acetal group as a biodegradable
group 1n at least one tail:

Formula (VII)

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

R', R'", R*, R, R’, R* R', Q, R, a, and b are defined as
in formula (I);

X and Y are each, independently, alkylene (e.g., C.-Cq
alkylene) or alkenylene, wherein the alkylene or alkenylene
group 1s optionally substituted with one or two fluorine
atoms at the alpha position to the M' or M* group

(€.8.» );

M' and M* are each, independently, a biodegradable

group (e.g., —OC(O)—, —C(0O)O—, —SC(O)—, —C(O)
S—, —OC(S)—, —C(8)0—, —S—S—, —C(R°)=N—,
—N=C[R’)—, —CR)=N—0—, —O—N=CR)—,
—C(O)NR*)— ~ —NR)C(O)—,  —C(S)(NR”)—,
—NR)C(O)—, —NRICONR)>—, —OC(O)O—,
—0Si(R*),0—, —CO)(CR’RHC(OO—, —0OC(0O)
(CR°RHC(O)—, or
O—R!

(wherein R'" is a C,-C,, alkyl or C,-C,, alkenyl)):
with the proviso that at least one of M' and M~ is

R]l

and

7' and 77 are each, independently, C,-C, , alkyl or C,-C, ,
alkenyl, wherein the alkenyl group may optionally be sub-
stituted with one or two tluorine atoms at the alpha position
to a double bond which 1s between the double bond and the
terminus of Z' or Z°
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rf{ F F
(e-g-, & )

In one embodiment, each of M' and M~ is

a¥l

In another embodiment, X and Y are each, independently
—(CH,), — wheremnn 1s 4 to 20, e.g., 4 to 18, 4 to 16, or 4

to 12. In one embodiment, n1s 4, 5, 6, 7, 8, 9, or 10. In one
exemplary embodiment, X and Y are —(CH,),—. In
another embodiment, X and Y are —(CH,)-—. In yet
another embodiment, X and Y are —(CH,),— In yet
another embodiment, X and Y are —(CH, ),—.

The RR'R°N—(R) -Q-(R),— group can be any of the
head groups described herein, including those shown in
Table 1 below, and salts thereof. In one preferred embodi-
ment, R'R'R°N—(R) -Q-R),— is (CH,),N—(CH,),—C
(0)O—, (CH;),N—(CH,),—NH—C(0)O—, (CH;),N—
(CH,),—OC(O)—NH—, or (CH,),N—(CH,);—C(CH;)
—N—O—.

In another embodiment, the present invention relates to a
cationic lipid or a salt thereol having:

(1) a central carbon atom,

(1) a mitrogen containing head group directly bound to the
central carbon atom, and

(111) two hydrophobic tails directly bound to the central
carbon atom, wherein each hydrophobic tail 1s of the for-
mula —R°-M-R” where R is a C,-C,, alkyl or alkenyl, M is
a biodegradable group, and R/ is a branched alkyl or alkenyl
(e.g., a C,,-C,, alkyl or C,,-C,, alkenyl), such that (1) the
chain length of —R®-M-R’ is at most 20 atoms (i.e. the total
length of the tail from the first carbon atom atter the central
carbon atom to a terminus of the tail 1s at most 20), and (11)
the group —R°-M-R/ has at least 20 carbon atoms (e.g., at
least 21 atoms). Optionally, the alkyl or alkenyl group in R®
may be substituted with one or two fluorine atoms at the
alpha position to the M or M” group

(e.g., ).

Also, optionally, the alkenyl group in R” may be substituted
with one or two fluorine atoms at the alpha position to a
double bond which 1s between the double bond and the
terminus of R/
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In one embodiment, the cationic lipid of the present
invention (such as of formulas I-VII) has asymmetrical
hydrophobic groups (1.e., the two hydrophobic groups have
different chemical formulas). For example, the cationic lipid
can have the formula:

[Primary Gmup(

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereol), wherein

(G 1s branched or unbranched C,-C,. alkyl, alkenyl or
alkynyl (e.g., a n-C, alkyl n-C, alkyl, or n-C,, alkyl);

R'* is a branched or unbranched alkylene or alkenylene
(e.g., Cx-C,, alkylene or C,-C,, alkenylene such as C, ,-C,,
alkylene or C,,-C,, alkenylene);

Formula (VIII)
R12 —M — Rl 3

G

M, 1s a biodegradable group (e.g., —OC(O)—, —C(O)
O—, —SC(O)—, —C(O)S—, —0C(S)—, —C(S5)O—,

S—S— —C(R>)>N—, —N—C(R>)—, —C(R*>)—=N—
O—, O—N=C(R>)—, —CO)NR>)—, —NR)C
(O)>—, —C(SY(NR>)—, —N(R>)C(0O)—, —N(R>)C(O)N
(R>)—, —OC(0)0—, —O0Si(R*),0—, —C(O)(CR’RHC
(0)YO—, —OC(O)(CR’RHC(O)—, or

(wherein R'" is a C,-C, alkyl or alkenyl)):

R? and R* are defined as in formula (I);

each occurrence of R” is, independently, H or alkyl (e.g.,
C,-C, alkyl);

R'® is branched or unbranched C,-C, . alkyl, alkenyl or
alkynyl;

Primary Group

comprises a protonatable group having a pK , of from about
4 to about 13, more preferably from about 5 to about 8 (e.g.
from about 5 to about 7, or from about 5 to about 6.5, or from
about 5.5 to about 6.5, or from about 6 to about 6.5).

In one embodiment, the primary group includes (1) a head
group, and (11) a central moiety (e.g., a central carbon atom)
to which both the hydrophobic tails are directly bonded.
Representative central moieties include, but are not limited
to, a central carbon atom, a central nitrogen atom, a central
carbocyclic group, a central aryl group, a central hetrocyclic
group (e.g., central tetrahydrofuranyl group or central pyr-
rolidinyl group) and a central heteroaryl group.

Representative

'S

[Prima.ry Grc:-upJ




US 11,633,479 B2

17

include, but are not limited to,
—_ , dr_ik
O
k
O

(T
A P
O
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-continued

\M»{\;&O%
‘ |

‘ and

where n 1s 0-6.

Representative asymmetrical cationic lipids include:
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wherem w 1s 0, 1, 2, or 3; and x and y are each independently
1,2,3,4,5,6,0or7.

In a preferred embodiment of the aforementioned biode-
gradable cationic lipids, the biodegradable cationic lipid has
a log P value of at least 10.1 (as calculated by the software
available at http://www.molinspiration.com/services/logp.h-
tml from Molinspiration Cheminformatics of Slovensky
Grob, Slovak Republic). More preferably, the log P value 1s
at least 10.2 or 10.3.

In another preferred embodiment of the aforementioned
biodegradable cationic lipids, the biodegradable cationic

20

lipid 1 the lipid nanoparticle has a HPLC retention time
(relative to the retention time of cholesterol 1n the lipid
nanoparticle), hereatter reterred to as t;,,,~t_,,; of at least
1.4. (The HPLC parameters are provided in the examples
below. Unless otherwise specified, the formulation of the
lipid nanoparticle used 1s that described 1n Example 31).

More preferably, the t;, , ,~t ., value 1s at least 1.75, 2.0, or
2.25.

In another embodiment, the biodegradable cationic lipid
of the present invention 1s not one selected from:

/\/\/\)C])\O/\/\/K

) H /\/\/\/\)]\
g \/H\)J\O @/\/\

n=0-2

n=0-2

/N

‘ O
~ N\MO/
\/\/\/\)I\o/\/\/Y

‘ O
-~ N\/(A)H\)I\o/\/\/\/\)l\
_ o 0

n=0-2

‘ O
-~ N\/Hﬂ\)]\o/\/\/\/\)j\
0

n=0-2

O
(@\ /\4)‘\
1‘\T H O

O R,
0)\ NN
O R,
R )\
- /\/\/\
R,
m = 1-6; n =0-3

R; =R, =Me, Et, 1Pr etc.

O
‘ O
AN e A
" O H
/N\/\)ko

where m and n are integers, and m+n=13
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where m and n are integers, and m+n=13

where m and n are integers, and m+n=13 Yet another embodiment 1s a biodegradable cationic lipid
5 having (1) a log P value of at least 10.1 and/or a t;, . ,~t_;,;.

In yet another embodiment, the biodegradable cationic lipid 3 _
of at least 1.4, and (2) one or more biodegradable groups

1s not one selected from those disclosed in International : . ) .
o _ (such as an ester group) located 1n the mid- or distal section
Publication No. WO 2011/153493 and U.S. Patent Publica- of a lipidic moiety (e.g., a hydrophobic chain) of the cationic

tion No. 2012/0027803, both of which are hereby incorpo-  [ipid, with the proviso that the compound is not selected
rated by reference. from

O
\N o _\/\/\/\)I\O/\/
‘/\/\Lr \C/\/\/\/\/\/\: S ‘
O
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In another embodiment, the biodegradable cationic lipid 1s
not one selected from those disclosed in International Pub-

lication No. WO 2011/153493 and U.S. Patent Publication
No. 2012/002°7803, both of which are hereby 1ncorporated
by reference. The mcorporation of the biodegradable group
(s) into the cationic lipid results in faster metabolism and
removal of the cationic lipid from the body following
delivery of the active pharmaceutical ingredient to a target
area. In a preterred embodiment, the cationic lipid includes
a branched alkyl or branched alkenyl group in 1ts biode-
gradable group(s). In another preferred embodiment, the
cationic lipid has a log P of at least 10.2 or 10.3. In yet
another preferred embodiment, the cationic lipid has a
Upiatenor OF at least 1.75, 2.0, or 2.25. "The cationic lipid
preferably has a pKa of from about 4 to about 7 (such as 6.0
to 6.3).

In one embodiment, the cationic lipid having a log P value
of at least 10.1 and/or a t;, , -t ., of at least 1.4 comprises
(a) a head group (preferably a nitrogen containing head
group, such as the head groups described herein), (b) at least
two hydrophobic tails, each of the formula -(hydrophobic
chain)-(biodegradable group)-(hydrophobic chain), and (¢) a
linker group (for instance, a single central carbon atom)
which 1s bound to the head group and the hydrophobic tails.
The cationic lipid preferably has one, two, three, four or
more of the properties listed below:

(1) a pKa of from about 4 to about 7 (such as 6.0 to 6.5);

(11) 1 at least one hydrophobic tail (and preferably all
hydrophobic tails), the biodegradable group i1s separated
from the terminus of the hydrophobic tail by from about 6
to about 12 carbon atoms (for instance, 6 to 8 carbon atoms
or 8 to 12 carbon atoms),

(111) for at least one hydrophobic tail (and preferably all

hydrophobic tails), the chain length from the linker group to
the terminus of the hydrophobic tail 1s at most 21 (e.g., at
most 20, or from about 17 to about 21, from about 18 to
about 20, or from about 16 to about 18) (The atom(s) in the
linker group are not counted when calculating the chain
length);

(1v) for at least one hydrophobic tail (and preferably all
hydrophobic tails), the total number of carbon atoms 1n the
hydrophobic tail 1s from about 17 to about 26 (such as from
about 19 to about 26, or from about 21 to about 26);

(v) for at least one hydrophobic tail (and preferably all
hydrophobic tails), the number of carbon atoms between the
linker group and the biodegradable group ranges from about
5 to about 10 (for example, 6 to 10, or 7 to 9);

(v1) for at least one hydrophobic tail (and preferably all
hydrophobic tails), the total number of carbon atoms
between the linker group and the terminus of the hydropho-
bic tail 1s from about 15 to about 20 (such as from 16 to 20,
16 to 18, or 18 to 20);

(vi1) for at least one hydrophobic tail (and preferably all
hydrophobic tails), the total number of carbon atoms
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between the biodegradable group and the terminus of the
hydrophobic tail 1s from about 12 to about 18 (such as from
13 to 235);

(vinn) for at least one hydrophobic tail (and preferably all
hydrophobic tails), the terminal hydrophobic chain in the
hydrophobic tail 1s a branched alkyl or alkenyl group, for
example, where the branching occurs at the «, {3, v, or 0
position on the hydrophobic chain relative to the biodegrad-
able group;

(1x) when formulated as a lipid nanoparticle (such as in
Example 35), the cationic lipid has an 1n vivo half life (t, )
in the liver of less than about 3 hours, such as less than about
2.5 hours, less than about 2 hours, less than about 1.5 hours,
less than about 1 hour, less than about 0.5 hour or less than

about 0.25 hours;

(x) when formulated as a lipid nanoparticle (such as in
Example 35), the cationic lipid 1s eliminated from the liver
in mice with a greater than 10-fold reduction 1n lipid levels
relative to C_ __ within the first 24 hours post-dose;

FrIGEX

(x1) when formulated as a lipid nanoparticle (such as in
Example 35), the cationic lipid 1s eliminated from the spleen
in mice with an equal or greater than 10-fold reduction 1n
lipid levels relative to C___ within the first 168 hours
post-dose; and

(x11) when formulated as a lipid nanoparticle (such as in
Example 35), the cationic lipid i1s eliminated from plasma
with a terminal plasma half-life (tV2[3) 1n rodents and non-
human primates of 48 hours or shorter.

The present invention embodies compounds having any
combination of some or all of the aforementioned properties.
These properties provide a cationic lipid which remains
intact until delivery of an active agent, such as a nucleic
acid, after which cleavage of the hydrophobic tail occurs 1n
vivo. For 1nstance, the compounds can have all of properties
(1) to (vii1) (in addition to the log P or t;,,, ~t_,,; value). In
another embodiment, the compounds have properties (1),
(11), (111), and (vin1). In yet another embodiment, the com-
pounds have properties (1), (11), (11), (v), (v1), and (vii1).

Another embodiment 1s a method of preparing a cationic
lipid comprising:

(a) designing a cationic lipid having a log P value of at
least 10.1 and/or a t;, ; ~t ., Of at least 1.4, and optionally
also having one, two, three, four, or more properties from the
list above (1.e., properties (1)-(x11)); and

(b) synthesizing the cationic lipid of step (a). The cationic
lipid 1n step (a) may comprises (a) a head group (preferably
a nitrogen containing head group, such as the head groups
described herein), (b) at least two hydrophobic tails, each of
the formula -(hydrophobic chain)-(biodegradable group)-
(hydrophobic chain), and (c) a linker group (for 1nstance, a
single central carbon atom) which 1s bound to the head group
and the hydrophobic tails. Step (a) may comprise:

(a)(1) preparing one or more cationic lipids having a log
Pvalue of atleast 10.1 and/orat, , ~t_,,;, of at least 1.4, and
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optionally also having one, two, three, four, or more prop-
erties from the list above (1.e., properties (1)-(x11);

(a)(11) screening the cationic lipids to determine their
ellicacy and/or toxicity in lipid nanoparticles; and

(a)(111) selecting a cationic lipid for synthesis.

Yet another embodiment 1s a method of designing a
cationic lipid comprising:

(a) selecting a cationic lipid having a log P value of at
least 10.1 and/or a t;, ; ~t ., Of at least 1.4, and optionally
also having one, two, three, four, or more properties from the
list above (i.e., properties (1)-(x11)); and

(b) optionally,

(1) preparing one or more cationic lipids having a log P
value of at least 10.1 and/orat, , ~t_, ., of atleast 1.4,
and optionally also having one, two, three, four, or
more properties from the list above (i.e., properties
(1)-(x11);

(11) screening the cationic lipids to determine their efficacy
and/or toxicity in lipid nanoparticles; and

(111) optionally, selecting a cationic lipid for further devel-
opment or use.

In one embodiment, the PEG lipid has the formula:

Formula (I1X)
Rl 3 M — RIZ

Pegylated Primary GroupJ

wherein

(G, 1s branched or unbranched C,-C,. alkyl, alkenyl or
alkynyl (e.g., a n-C, alkyl n-C, alkyl, or n-C,, alkyl); or G,
is —R"*-M,-R">;

R'* is a branched or unbranched alkylene or alkenylene
(e.g., Cs-C,, alkylene or C,-C,, alkenylene such as C,,-C,,
alkylene or C,,-C,, alkenylene);

M, 1s a biodegradable group (e.g., —OC(O)—, —C(O)
O—, —SC(O)—, —C(O)S—, —0C(S)—, —C(S)O—,
S—S— —CR)>=N—, —N—C(R”)—, —C(R>)=N—
O—, —O—N=CR)—, —CONR)— —NR)C
(0)— —C(S)(NR’)—, —NR)C(O)—, —N(R”)C(O)N
(R>)—, —OC(0)0O—, —O0Si(R*),0—, —C(O)(CR’RHC

(0)O—, —OC(O)CR*RHC(O)—, or

O—R!

O_§
(wherein R'' is a C,-C,, alkyl or alkenyl));

R* and R* are defined as in formula (I);

each occurrence of R” is, independently, H or alkyl (e.g.,
C,-C, alkyl);

R'? is branched or unbranched C,-C, . alkyl, alkenyl or
alkynyl;

(Pe gylated Primary Gr-:rup)
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comprises a PEG moiety, such as

moiety wherein b 1s an iteger from 10 to 1,000 (e.g., 5-100,
10-60, 15-50, or 20-45); R® is —H, —R°, or —ORF; and R°
1s —H, alkyl, acyl, cycloalkyl, alkenyl, alkynyl, aryl, het-
eroaryl, or heterocyclyl.

In one embodiment, the pegylated primary group includes
(1) a head group having a PEG moiety, and (11) a central
moiety (e.g., a central carbon atom) to which both the
hydrophobic tails are directly bonded. Representative cen-
tral moieties include, but are not limited to, a central carbon
atom, a central nitrogen atom, a central carbocyclic group,
a central aryl group, a central hetrocyclic group (e.g., central
tetrahydrofuranyl group or central pyrrolidinyl group) and a
central heteroaryl group.

Representative

[Pegylated Primary Gmup)'s

include, but are not limited to,

0
/\EJ\O/\/GO\/%O,«* Rs;

!
O
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-continued
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where b 1s 10-100 (e.g., 20-50 or 40-50)

Another embodiment of the present invention 1s a PEG
lipid (or a salt thereof) having:

(1) a pegylated primary group including a head group
which includes a PEG moiety (e.g., having from 10 to 1000
repeating units such as ethoxy units)), and

(111) one or more hydrophobic tails (preferably, two hydro-
phobic tails) directly bound to the pegylated primary group,
wherein at least one hydrophobic tail 1s of the formula
— R°-M-R’ where R® is a C,-C,, alkyl or alkenyl, M is a
biodegradable group, and R’ is a branched alkyl or alkenyl
(e.g., a C,,-C,, alkyl or C,,-C,, alkenyl), such that (1) the
chain length of —R°-M-R/ is at most 20 atoms (i.e. the total
length of the tail from the first carbon atom after the central
carbon atom to a terminus of the tail 1s at most 20), and (11)

the group —R°-M-R” has at least 20 carbon atoms (e.g., at
least 21 atoms). Optionally, the alkyl or alkenyl group in R®
may be substituted with one or two fluorine atoms at the
alpha position to the M or M” group

(e.g., ).

Also, optionally, the alkenyl group in R” may be substituted
with one or two fluorine atoms at the alpha position to a
double bond which 1s between the double bond and the

terminus of R/

(e.g., )-

FF

In one embodiment, the pegylated primary group includes
(1) a head group having a PEG moiety, and (1) a central
moiety (e.g., a central carbon atom) to which the hydropho-
bic tails are directly bound. The PEG moiety may have
5-100, 10-60, 15-50, or 20-45 repeating units. For example,
the PEG moiety may have the formula

5
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moiety wherein b 1s an integer from 10 to 1,000 (e.g., 5-100,
10-60, 15-50, or 20-45); R® is —H, —R°, or —OR?; and R°
1s —H, alkyl (e.g., C,-C, alkyl), acyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, or heterocyclyl.

Yet another embodiment 1s a lipid particle that includes a
cationic lipid and/or PEG lipid of the present invention. In
one embodiment, the lipid particle includes a cationic lipid
of the present invention (e.g., of one of formulas (I)-(VIII)).
In another embodiment, the lipid particle includes a PEG
lipid of the present invention (e.g., of formula (IX)). In yet
another embodiment, the lipid particle includes a cationic
lipid of the present invention and a PEG lipid of the present
invention.

In a preferred embodiment, the lipid particle includes a
neutral lipid, a lipid capable of reducing aggregation, a
cationic lipid, and optionally, a sterol (e.g., cholesterol).
Suitable neutral lipids include, but are not limited to, dis-
tearoylphosphatidylcholine (DSPC), dipalmitoylphosphati-
dylcholine (DPPC), POPC, DOPE, and SM. Suitable lipids
capable of reducing aggregation include, but are not limited
to, a PEG lipid, such as PEG-DMA, PEG-DMG, and those
of the present invention (e.g., of formula (IX)) or a combi-
nation thereof.

The lipid particle may further include an active agent
(e.g., a therapeutic agent). The active agent can be a nucleic
acid such as a plasmid, an immunostimulatory oligonucle-
otide, an siIRNA, an antisense oligonucleotide, a microRINA,
an antagomir, an aptamer, or a ribozyme. In a preferred
embodiment, the nucleic acid 1s a siRNA. In another pre-
ferred embodiment, the nucleic acid 1s a miRNA.

In another embodiment, the lipid particle includes a
cationic lipid of the present invention, a neutral lipid and a
sterol. The lipid particle may further include an active agent,
such as a nucleic acid (e.g., an siRNA or miRNA).

In yet another embodiment, the lipid particle includes a
PEG lipid of the present invention, a cationic lipid, a neutral
lipid, and a sterol. The lipid particle may further include an
active agent, such as a nucleic acid (e.g., an siRNA or
miRNA).

The lipid particles described herein may be lipid nanopar-
ticles.

Yet another embodiment of the mnvention 1s a pharmaceu-
tical composition which includes a lipid particle of the
present invention and a pharmaceutically acceptable carrier.

In one embodiment, the cationic lipid remains intact until
delivery of the nucleic acid molecule after which cleavage of
the hydrophobic tail occurs 1n vivo.

In another embodiment, the PEG lipid remains intact until
delivery of the nucleic acid molecule after which cleavage of
the hydrophobic tail occurs 1n vivo.

In another embodiment, the present invention relates to a
method of delivering a nucleic acid molecule comprising
administering a nucleic lipid particle comprising (1) the
nucleic acid molecule and (11) a cationic lipid and/or a PEG
lipid of the present invention. In one embodiment, the
cationic lipid and/or a PEG lipid remains intact until deliv-
ery of the nucleic acid molecule after which cleavage of the
hydrophobic tail occurs 1 vivo.

Yet another aspect 1s a method of modulating the expres-
s1on of a target gene 1n a cell by providing to the cell a lipid
particle of the present invention. The active agent can be a
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nucleic acid selected from a plasmid, an immunostimulatory
oligonucleotide, an siRNA, an antisense oligonucleotide, a
microRNA, an antagomir, an aptamer, and a ribozyme. In a

preferred embodiment, the nucleic acid 1s a siRNA or
miRNA.

Yet another aspect 1s a method of treating a disease or

disorder characterized by the overexpression of a polypep-
tide 1n a subject by providing to the subject a pharmaceutical
composition of the present invention, wherein the active
agent 1s a nucleic acid selected from an siRNA, a
microRNA, and an antisense oligonucleotide, and wherein
the siRNA, microRNA, or antisense oligonucleotide
includes a polynucleotide that specifically binds to a poly-
nucleotide that encodes the polypeptide, or a complement

thereol. In a preferred embodiment, the nucleic acid 1s a
s1IRNA or miRNA.
Yet another aspect 1s a method of treating a disease or

disorder characterized by underexpression of a polypeptide
in a subject by providing to the subject a pharmaceutical
composition of the present mvention, wherein the active
agent 1s a plasmid that encodes the polypeptide or a func-
tional variant or fragment thereof.

Yet another aspect 1s a method of inducing an 1mmune
response 1n a subject by providing to the subject a pharma-
ceutical composition wherein the active agent 1s an 1mmu-
nostimulatory oligonucleotide.

Yet another aspect 1s a transiection agent that includes the
composition or lipid particles described above, where the
composition or lipid particles include a nucleic acid. The
agent, when contacted with cells, can efliciently deliver
nucleic acids to the cells. Yet another aspect 1s a method of
delivering a nucleic acid to the interior of a cell, by obtaining
or forming a composition or lipid particles described above,
and contacting the composition or lipid particles with a cell.

DETAILED DESCRIPTION

In one aspect, the present invention relates to a lipid
particle that includes a neutral lipid, a lipid capable of
reducing aggregation (e.g., a PEG lipid), a cationic lipid, and
optionally a sterol. In certain embodiments, the lipid particle
turther 1includes an active agent (e.g., a therapeutic agent).
Various exemplary embodiments of these lipids, lipid par-
ticles and compositions comprising the same, and their use
to deliver therapeutic agents and modulate gene and protein
expression are described in further detail below.

The Cationic Lipid

In one embodiment, the cationic lipid 1s a compound of
any one of Formulas I-VIII. The following disclosure rep-
resents various embodiments of the compounds described
above, including the compounds of Formulas I-VIII.

In one embodiment, M' and M? are each, independently:

—OC(0)—, —C(0)O—, —SC(O)—, —C(O)S—, —OC
(S)—, —CSO—, S S, CRH=N_—, N—C
(R%)—, —C(RH)=N_—0—, — O N=C[R®—, —C(O)
(NR%—, —NRHCO)—, —C(S)NR*—, —NR>C
(0)—. — N(RHC(ON(R®)—, —OC(OYO—,
—OSi(R®,0—, —C(O)CR?’RHC(O)O—, —OC(O)

(CR’R*H)C(O)—, or

ot

(wherein R is a C,-C, alkyl or alkenyl).
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In another embodiment, M' and M~ are each, indepen-
dently:

—0C(0)—, —C(O)—O0—, —CRH=N_—, —N=C
R%)—, —CR»=N—0—, — O N—CR*)—, —OC
(0YO—, —CON(R®—, —NRCO)—, —C(O)S—,
— SC(0)—, —C(8)0—, —OCS)—, —OSi(R*,0—,

—_C(O)CR*RHC(0)0—, or —OC(O)CR*RHC(O)—.

In yet another embodiment, M' and M* are each, inde-
pendently:

— C(0)—O0—, —0OCO)—, —CRH=N_—, —C(R%
~ N0, 0O C(O)0—, C(ONR>)—, —C(O)S—,
— C(S)0O—, —O0Si(R*),0—, —C(O)CR’RHC(O)O—, or
— OC(O)(CR*RHC(0O)—.

In another embodiment, M' and M* are each —C(Q)0O—.

In one embodiment, R' and R” are each, individually,
optionally substituted alkyl, cycloalkyl, cycloalkylalkyl, or
heterocycle. In one embodiment, R" is alkyl and R” is alky],
cycloalkyl or cycloalkylalkyl. In one embodiment, R' and
R are each, individually, alkyl (e.g., C,-C, alkyl, such as
methyl, ethyl, or isopropyl). In one embodiment, R' and R*
are both methyl. In another embodiment, R and R, together
with the nitrogen atom to which they are attached, form an
optionally substituted heterocylic ring (e.g., N-methylpiper-
azinyl). In another embodiment, one of R" and R” is

%

NH
H,N

or

(e.g., R' is one of the two aforementioned groups and R” is
hydrogen).

In one embodiment, R' 1s hydrogen or alkyl. In another
embodiment, R' 1s hydrogen or methyl. In one embodiment,
R' 1s absent. In one embodiment, R' 1s absent or methyl.

For cationic lipid compounds which contain an atom (e.g.,
a nitrogen atom) that carries a positive charge, the com-
pound also contains a negatively charged counter 1on. The
counterion can be any anion, such as an organic or 1norganic
anion. Suitable examples of anions include, but are not
limited to, tosylate, methanesulionate, acetate, Ccitrate,
malonate, tartarate, succinate, benzoate, ascorbate, a-keto-
glutarate, a.-glycerophosphate, halide (e.g., chloride), sul-
fate, nitrate, bicarbonate, and carbonate. In one embodiment,
the counterion 1s a halide (e.g., Cl).

In one embodiment each R 1s, independently,
—(CR’R*)—, wherein R® and R* are each, independently, H
or alkyl (e.g., C,-C, alkyl). For example, in one embodiment
each R is, independently, —(CHR*)—, wherein each R is,
independently H or alkyl (e.g., C,-C, alkyl). In another
embodiment, each R 1s, independently, —CH,—,
—C(CH,),— or —CH(@Pr)- (where 1Pr 1s 1sopropyl). In
another embodiment, each R 1s —CH,—.

In another embodiment R” is, in each case, hydrogen or
methyl. For example, R> can be, in each case, hydrogen.

In one embodiment, Q 1s absent, —C(O)O—, —OC
(0)—, —C(ON(R>)—, —N((R>)C(O)—, —S—S—, —OC
(0)O—, —C(R>)—=N—O—, —OC(O)N(R>)—, —N(R>)C
(ON(R”)—, —N(R>)C(O)O—, —C(O)S—, —C(S)O— or
—C(R°)=N—0O—C(O)—. In one embodiment, Q is
—C(0)O—.
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In one embodiment, the dashed line to QQ 1s absent, b 1s O
and R'R'R*"N—(R) _-Q- and the tertiary carbon adjacent to it
(C*) form the following group:

(f([o
N

whereni1s 1 to 4 (e.g., n1s 2).

In one embodiment, the dashed line to Q 1s absent, b 15 O
and RR'R*N—(R) -Q- and the tertiary carbon adjacent to it
torm the following group:

I‘U O — N\
|
R'—N C—0 —
e v ©
RZ

where nis 1 to 4 (e.g., nis 2), and R', R*, R, a, and b are
as defined with respect to formula (I). In one embodiment,
a 1s 3.

In one embodiment, the dashed line to QQ 1s absent, b 15 O
and R'R'R°"N—(R)_-Q- and the tertiary carbon adjacent to it
form the following group:

R'—N C—0O
[ Swr” \/C[
RZ O

where nis 1 to 4 (e.g., nis 2), and R', R*, R, a, and b are
as defined with respect to formula (I). In one embodiment,
a 1s 0. For example, the group can be:

1
N X\
| Sr7” g .

R2

In one embodiment, b 1s 0. In another embodiment, a 1s 2,
3, or 4 and b 1s 0. For example, 1n one embodiment, a 1s 3
and b 1s 0. In another embodiment, a 1s 3, b 1s 0, and Q 1s
—C(0)O—.

In certain embodiments, the biodegradable group present
in the cationic lipid 1s selected from an ester (e.g., —C(O)

O— or —0OC(0O)—), disulfide (—S—S—), oxime (e.g.,

~ C(H)=N—0— or — O N=C(H)—), —C(O)—0—,
—0C(0)—, —CR»>=N—, —N=C{R’», —C{R%
N0, O N—=CR%, 0O C(O0O—, CO)N
(R*), —N(R)C(O)—, —CO)NR’)—, (NR)C(S)—,
_ NRHNCONR’)—, —C(O)S—, —SC(O)—, —C(S)
O, —OC(S)—, —OSi(R%),0—, —C(O)CR>R*C(O)

O, or —OC(O)CR*RHC(O)—.
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A suitable cholesterol moiety for the cationic lipids of the
present invention (including compounds of formulas I-VI)
has the formula:

Additional embodiments include a cationic lipid having a
head group, one or more hydrophobic tails, and a central
moiety between the head group and the one or more tails.
The head group can include an amine; for example an amine
having a desired pK _. The pK_ can be influenced by the
structure of the lipid, particularly the nature of head group;
¢.g., the presence, absence, and location of functional groups
such as anionic functional groups, hydrogen bond donor
functional groups, hydrogen bond acceptor groups, hydro-
phobic groups (e.g., aliphatic groups), hydrophilic groups
(e.g., hydroxyl or methoxy), or aryl groups. The head group
amine can be a cationic amine; a primary, secondary, or
tertiary amine; the head group can include one amine group
(monoamine), two amine groups (diamine), three amine
groups (triamine), or a larger number of amine groups, as 1n
an oligoamine or polyamine. The head group can include a
functional group that is less strongly basic than an amine,
such as, for example, an 1midazole, a pyridine, or a guani-
dinium group. The head group can be zwitterionic. Other
head groups are suitable as well.

Representative central moieties include, but are not lim-

ited to, a central carbon atom, a central nitrogen atom, a
central carbocyclic group, a central aryl group, a central
hetrocyclic group (e.g., central tetrahydrofuranyl group or
central pyrrolidinyl group) and a central heteroaryl group.
Additionally, the central moiety can include, for example, a
glyceride linker, an acyclic glyceride analog linker, or a
cyclic linker (including a spiro linker, a bicyclic linker, and
a polycyclic linker). The central moiety can include func-
tional groups such as an ether, an ester, a phosphate, a
phosphonate, a phosphorothioate, a sulfonate, a disulfide, an
acetal, a ketal, an 1mine, a hydrazone, or an oxime. Other
central moieties and functional groups are suitable as well.

In one embodiment, the cationic lipid 1s a racemic mix-
ture. In another embodiment, the cationic lipid 1s enriched in
one diastereomer, e.g. the cationic lipid has at least 95%, at
least 90%, at least 80% or at least 70% diastereomeric
excess. In yet another embodiment, the cationic lipid 1is
enriched 1n one enantiomer, ¢.g. the lipid has at least 95%,
at least 90%, at least 80% or at least 70% enantiomer excess.
In yet another embodiment, the cationic lipid 1s chirally
pure, €.2. 1s a single optical 1somer. In yet another embodi-
ment, the cationic lipid 1s enriched for one optical 1somer.

Where a double bond 1s present (e.g., a carbon-carbon
double bond or carbon-nitrogen double bond), there can be
1somerism 1n the configuration about the double bond (i.e.
cis/trans or E/7Z 1somerism). Where the configuration of a
double bond is illustrated in a chemical structure, it 1s
understood that the corresponding 1somer can also be pres-
ent. The amount of 1somer present can vary, depending on
the relative stabilities of the 1somers and the energy required
to convert between the 1somers. Accordingly, some double
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bonds are, for practical purposes, present i only a single
configuration, whereas others (e.g., where the relative sta-
bilities are similar and the energy of conversion low) may be
present as inseparable equilibrium mixture of configura-
tions.

In some cases, a double-bonded unsaturation 1s replaced
by a cyclic unsaturation. The cyclic unsaturation can be a
cycloaliphatic unsaturation, e.g., a cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl group.
In some cases, the cyclic group can be a polycyclic group,
¢.g., a bicyclic group or tricyclic group. A bicyclic group can
be bridged, fused, or have a spiro structure. In some cases,
a double bond moiety can be replaced by a cyclopropyl

moiety, e.g.,

10
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can be replaced by

The cationic lipid includes one or more biodegradable
groups. The biodegradable group(s) include one or more
bonds that may undergo bond breaking reactions 1n a bio-
logical environment, €.g., in an organism, organ, tissue, cell,
or organelle. Functional groups that contain a biodegradable
bond include, for example, esters, dithiols, and oximes.
Biodegradation can be a factor that influences the clearance
of the compound from the body when administered to a
subject. Biodegredation can be measured 1mn a cell based
assay, where a formulation including a cationic lipid 1is
exposed to cells, and samples are taken at various time
points. The lipid fractions can be extracted from the cells and
separated and analyzed by LC-MS. From the LC-MS data,
rates of biodegradation (e.g., as t, ,, values) can be measured.

For example, the compound

(Compound 1)

/E\Z\ﬂlj\/\/\/\
/IL\/\)C‘)\O | OJ\_/\/\/\

40

60

65

includes an ester linkage 1n each aliphatic chain, which can
undergo hydrolysis 1 a biological environment, for
example, when exposed to, e.g., a lipase or an esterase. The
structure of the compound, of course, influences the rate at
which the compound undergoes biodegradation. Thus, a
compound where the methyl substituent 1s on the other side
of the biodegradable group such as

O

O/\_/\/\/\

O

O/\=/\/\/\

would be expected to exhibit a different rate of biodegra-
dation. Greater effects on that rate would be expected from
changes 1n the structure of the compound at the site of
hydrolysis. One modification that can influence the rate of
hydrolysis, and thereby influence the rate of biodegradation
and clearance from a subject’s body, i1s to make the leaving
group ol the hydrolysis reaction have a secondary, rather

than primary, alcohol.
For example, without wishing to be bound by theory,

Compound 1 shown above may be metabolized as shown 1n
the scheme below:
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/\/\/\)LOJ\_/\/\/\
/N\/\)J\O/\/\/\/\J\OJ\_/\/\/\

l Hydrolase/H>O

‘ O

In one embodiment, a cationic lipid of any of the embodi-
ments described herein has an 1n vivo half life (t,,,) (e.g., in
the liver, spleen or plasma) of less than about 3 hours, such

as less than about 2.5 hours, less than about 2 hours, less
than about 1.5 hours, less than about 1 hour, less than about
0.5 hour or less than about 0.25 hours. The cationic lipid
preferably remains 1ntact, or has a half-life suflicient to form
a stable lipid nanoparticle which eflectively delivers the
desired active pharmaceutical ingredient (e.g., a nucleic
acid) to its target but thereaiter rapidly degrades to mimimize
any side eflects to the subject. For instance, in mice, the
cationic lipid preferably has a t,,, 1n the spleen of from about
1 to about 7 hours.

45

50

In another embodiment, a cationic lipid of any of the

embodiments described herein containing a biodegradable
group or groups has an in vivo half life (t,,,) (e.g., 1n the
liver, spleen or plasma) of less than about 10% (e.g., less
than about 7.5%, less than about 5%, less than about 2.5%)
of that for the same cationic lipid without the biodegrable

group Oor groups.
Some cationic lipids can be convemently represented as a

hydrophobic group combined via a central moiety (such as

a carbon atom) with a headgroup. By way of example, the
compound:

/\/\/\j‘)\oj\_/\/\/\
/N\/\)I\O/\/\/\/\J\OJ\_/\/\/\

‘ O
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can be thought of as a combination of a headgroup, a central
moiety, and two hydrophobic groups as follows:

MOJ\_N\/\

() Hydrophobic Groups.
O /L/\/\/\
‘ \/\)‘\ ’
N
-~ 0 \

Central Moiety
Head Group
The present invention includes compounds composed of 20 TABI E 1A-continued
any combination of the head and hydrophobic groups listed
below (in combination with a central moiety (such as a O
central carbon atom).
Some suitable head groups include those depicted 1n Table ™ N O
1A: 23 |
TABLE 1A ‘ O
N
S~ NN
. .- o
O ‘ O
N
N
N
| ! )
‘ 40 NN N
N O
O ‘ 0O
O 45 N
/\)I\ - \/\/\O
Y
N

50
‘ O /N\)\/“\O_%

\N/\/\ji\o/f 55 <>N\/\)J\O_§

‘ 60

N
65 N~
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TABLE 1A-continued TABLE 1A-continued
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TABLE 1A-continued

I
L

|
PN

N~
G/z
e

O

US 11,633,479 B2

10

15

42
TABLE 1A-continued

NH
HZN%
HN— (CHE)H _§

N

Suitable primary groups include, but are not limited to,

55 those that are a combination of a head group from table 1A

with a central carbon atom. Other suitable primary groups
include those 1n table 1B below:

——N (where n 1s 0-5)
\
\_/ ’
N 20 ./
/ R—N
« \_/
H
R = H, alkyl (e.g., methyl)
—N\ » X =halogen (e.g., Cl)
\ O
R
/N _ﬂbﬂf \
N —
-
30
~x —x <\ /
O R =, alkyl (e.g., methyl)
}d X = halogen (e.g., Cl)
35
/R
>:N\ —N -
/ O
\ 40
R = H, alkyl (e.g., methyl)
X = halogen (e.g., Cl)
:—_N 45 (\ N
\O /
/ HN
—N\ _ﬁ};ﬂ HN — (CH,),
50
(where n 1s 0-3)
—N
\

\
/Z

TABLE 1B
60

\‘(\/
O/ i
e
\
A

\

/N\/\O/ P\O/%Z
63
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TABLE 1B-continued TABLE 1B-continued

‘ O\ % 10

N\ O
d N\/\/\O/P\o% ‘ WVO:O%A

N 0
e
0

- \N/\/\I_ro\/\[o *

A S :

~ A
N E \O% 25
‘ Some suitable hydrophobic tail groups include those
depicted 1n Table 1C:

TABLE 1C
—_——————
W‘\OJ\_/\/\/\

0
></V\/\]/U\O/\_/\/\/\
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TABLE 1C-continued

WO/\/ IR N
WOM

X 0 0
X/\/\/\ﬂ/g\/\/\/\/\ﬂ/m




47

US 11,633,479 B2

TABLE 1C-continued

O

48



US 11,633,479 B2

49
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TABLE 1C-continued
O/\/\/

/\/\/\)\O/\/\/

A/C)\

YA,

PO

AUOAARANANAN

Other suitable tail groups includes those of the formula
—R"-M"'-R"* where R'* is a C,-C,, alkyl or C,-C,, alk-
enyl, M' is a biodegradable group as defined above, and R"°
1s a branched alkyl or alkenyl (e.g., a C,,-C,, alkyl or
C,,-C,, alkenyl), such that (i) the chain length of —R'*-
M'-R'® is at most 21 atoms (i.e., the total length of the tail
from the first carbon after the tertiary carbon (marked with
an asterisk) to a terminus of the tail 1s at most 21), and (11)
the group-R'*-M"'-R'” has at least 20 carbon atoms (e.g., at
least 21 or 22 carbon atoms).

In one preferred embodiment, the chain length of —R'*-
M'-R'? is at most 21 (e.g., at most 20). For example, the
chain length can be from about 17 to about 24 or from about
18 to about 20.

In one embodiment, the total carbon atom content of each
tail (—R"*-M"'-R"?) is from about 17 to about 26. For
example, the total carbon atom content can be from about 19
to about 26 or from about 21 to about 26.

In one embodiment, the tail has the formula:

Rl3
w o~

where R'° is an alkyl or alkenyl group having from about 13
to about 17 carbon atoms, and the total carbon length of the
tail from the first carbon (the leftmost carbon atom above) to
a terminus of the tail 1s at most 20. Preferably, the tail has
from about 22 to about 26 carbon atoms. In one embodi-
ment, the maximum length of R'® from its attachment point
to the ester group of the compound 1s 12 carbon atoms (e.g.,
the maximum length can be 11 carbon atoms). In one
preferred embodiment, the branch in the alkyl or alkenyl
group 1s at the 6-position or later from the point of attach-
ment of R'> to the ester group. Suitable R"> groups include,
but are not limited to

N

E{V\/\/\/

C13 (C21)
Length: C9 (18)
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-continued

TCT

Cl4 (C22)
Length: C9 (18)

C15 (C23)
Length: C10 (19)

N

;i/—\/\/\/

Cl3(C21)
Length: C9 (18)

;i/ R

NN

Cl4 (C22)
Length: C9 (18)

NN

Ao— A~

Cl15(C23)
Length: C10 (19)

Cl6 (C24)
Length: C10 (19)

NN

1{\/\/\/\/\/

Cl7(C25)
Length: C11 (20)
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C16 (C24)

Length: C10 (19)

NN

jf;\/ I

C17(C25)
Length: C11 (20)

N

E,{\/\/\/\

C13 (C21)
Length: C8 (17)

NN

‘1{\/\/\/\/

C15 (C23)
Length: C9 (18)

For example, the cationic lipid can be

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereof), where R' is selected from the groups mentioned
above.

Another example 1s a tail of the formula

Rl3
;;A\/\/W\)I\Of

where R'" is an alkyl or alkenyl group having from about 13
to about 15 carbon atoms, and the total carbon length of the
tail from the first carbon (i.e., the leftmost carbon atom,
which 1s attached to a tertiary carbon) to a terminus of the
tail 1s at most 20. Preferably, the tail has from about 24 to
about 26 carbon atoms. In one embodiment, the maximum
length of R*> from its attachment point to the ester group of
the compound 1s 10 carbon atoms (e.g., the maximum length

can be 9 carbon atoms). In one preferred embodiment, the

branch 1n the alkyl or alkenyl group 1s at the d-position or
later from the point of attachment of R'? to the ester group.
Suitable R™ groups include, but are not limited to
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C13(C23)
Length: C9 (20)

O

Cl4 (C24)
Length: C9 (20)

AL

C13(C23)
Length: C9 (20)

;i/—\/\/\/

N N

Cl14 (C24)
Length: C9 (20)

Cl13(C24)
Length: C8 (19)

For example, the cationic lipid can be

or a salt thereof (e.g., a pharmaceutically acceptable salt
thereof), where R'” is selected from the groups above.

The R'® group may be derived from a natural product,
such as dihydrocitgronellol, lavandulol, phytol, or dihydro-
phytol. In one embodiment, the R'® group in the tails above
1s a dihydrocitronellol group (either as a racemic group or a
churally pure group):

For example, the cationic lipid having a dihydroitronellol
group can be
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or a salt thereof. In another embodiment, the R'® group in the tails above

In another embodiment, the R'> group in the tails above 1s a phytol or dihydrophytol group:
1s a lavandulol group or a homolog of 1t as shown below:

20
/
25
Phytol
Lavandulol
H‘L‘{\/\ /\)\ -
/ \ Dihydrophytol
homolog 35

For instance, the cationic lipid can be:

N SO U
/L\/\J\O/\/\)L /\)\/\/L/\/I\/\)\

A
RO SN S O S S |

A cationic lipid of the formula:

/\/\/\J\SJ\_/\/\/\
/N\/\)J\O/\/\/\/\)koj\_/\/\/\




can also be thought of as a combination of a headgroup, a
linker moiety, and two parts of the hydrophobic chains as

follows:

61

Hydrophobic chain I or Ia

Ay AL A

Head Group

Various headgroups, linker moieties, and hydrophobic
chains I and II are listed below. The present imvention

includes compounds composed of any combination of the
head, linker, hydrophobic chain I, and hydrophobic chain II
groups listed below.

Linker

Hydrophobic chain 11

TABLE 2A

\

N

/
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Biocleavable moiety | or la

— NN

Representative headgroups

62

Hydrophobic chain Il or Ila
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Hydrophobic chain I

A
\

Biocleavable moiety |

TABLE 2A-continued

Representative headgroups

be

O
o
O
O

~
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TABLE 2A-continued TABLE 2A-continued
Representative headgroups Representative headgroups

HN\D/‘% gﬁ
10 R_&)N/ -
e\ _/

~—N R = H, alkyl; X = halogen

15

[\>_§ R?;N\\_/

0 R = H, alkyl; X = halogen

\ 25

HN’Q%
30

HN/ > 33 7\

< : O

< \N—§ 45
/ v
g w 1
/%\ 55 Q\N/
—{ Wiw

¢> “ Al
—( ) Mﬂw

R = H, alkyl; X = halogen
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Representative headgroups
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TABLE 2A-continued

Representative headgroups

)J\/\;{
)t/\/}g

\N/
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TABLE 2A-continued

Representative headgroups
>
— N
{0
>
— N
W

=\ 7™

\_ 7\
O

e,
A

TABLE 2B

Representative linker groups

A

m=1-5;n=0-3

n=0-3

Aeyer

m = 0-5; n=0-3

Sy

m=0-5;n=0-3
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TABLE 2B-continued

Representative linker groups

O

A

-

.
SOl

n=0-3
Q
MN
H
n=0-3

e

m = 1-4; n/o = 0-3
X=0o0rsS

S

m = 0-5; n=0-3

O
..
EI{\KH N

m = 0-5; n=0-3

A

m=0-5n=0-3

rﬁiﬁs\

m = 0-5; n=0-3

S

m—OS,n=03

3¢

<

3

ﬁ =9 @
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Representative linker groups Representative linker groups

O
R "
10 O
n=0-6
N
15

R O
n = 0-5
O Fl
O
20

m QO

n=0-6
R

m = 1-4; n = 0-3
R = COOH, COOMe,

COOEt, CN, CONH2 25 O
CONHMe

Fl

Fl ..-"'"-#O
n=0-6

30
I
e

S
m = 1-4; nfo = 1-3 )‘\ /ﬁ\
N N
35 H H
-0

m=0-5;n=0-3

~0
TABLE 2C
Representative hydrophobic chain I and/or Ia, and combination thereof
——N
\
O
45
P
p =0-15
R
_N\
50 q
" O
P
/
= 0-3
I p =0-15,q=0-15
R = H, Me, Et, Pr, allyl 55
R P /
R ——N q
\O
g 60 p = 0-15, q =0-15
n=_0->5

R = Me, Et, Pr, allyl
R1 = Me, Et, Pr, allyl 65 p=0-15q= 14,1 =0-15
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Representative hydrophobic chain I and/or Ia, and combination thereof

p=0-15,q=14,r1=0-15

P q
p=20-15q=0-6

OMe
p =0-15

i H

m = 0-4; n = 0-4;
R = Me, Et, Pr, 1Pr, Bu, 1Bu

m=1-4, n=1-10, p = 0-15, q = 0-15
R = Me, Et, OMe

TABLE 2D

Representative biodegradable moieties I and/or Ia and combinations thereof
O
N
O
O
N
O
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TABLE 2D-continued

Representative biodegradable moieties I and/or Ia and combinations thereof

n = 0-6
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Representative biodegradable moieties I and/or Ia and combinations thereof

A
Ay

‘Qf_%
-

R = H, Me, Et, cyclic alkyl,

alicylic, aromatic

e,

X = CH,, O. S

O

TABL.

L1

2.

L1

Representative hydrophobic chamn II and/or IIa and combinations thereof
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TABLE 2E-continued

Representative hydrophobic chain II and/or IIa and combinations thereof
W
n=0-8

W

n=0-% ms=0-6

N

n=_0-%
R = OMe, Me, Et, n-Pr, n-Bu

R
77’;5\(\/
n=0-8
R = OMe, Me, Et, Pr

e

n=0-%
R = OMe, Me, Et, Pr

7
. P

m=0-6;n=0-6; p=0-6

/\MH/\
N AT

m=0-6;n=0-6; p=0-6

R "CaN
ST

| 3
\

m=0-6;n=0-6; p=0-6

NN
S e P 0 N

m=0-6; n=0-6;p=0-6;q=0-6

Other cationic lipids of the present mmvention include
those 1n Table 3 below. Each asymmetric carbon atom 1n the
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compounds below can be either chirally pure (R or S) or examples (such as Examples 36 and 37) are suitable for
racemic. These cationic lipids as well as those 1n the working forming nucleic acid-lipid particles.
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