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MODIFIED AMINE LIPIDS

Cross-Referenceto Related Applications

This application claims priority to United States Provisional Patent Application No.
62/775,783, filed December 5, 2018, the entire contents of which are incorporated herein by

reference.

Background
Lipid nanoparticles formulated with ionizable amine-containing lipids can serve as

cargo vehicles for delivery of biologically active agents, in particular polynucleotides, such
asRNAs, mRNAs, and guide RNAs into cells. The LNP compositions containing ionizable
lipids can facilitate delivery of oligonucleotide agents across cell membranes, and can be
used to introduce components and compositions for gene editing into living cells.
Biologically active agentsthat are particularly difficult to deliver to cells include proteins,
nucleic acid-based drugs, and derivatives thereof, particularly drugs that include relatively
large oligonucleotides, such asmRNA. Compositions for delivery of promising gene
editing technologies into cells, such asfor delivery of CRISPR/Cas9 system components,
are of particular interest (e.g., MRNA encoding a nuclease and associated guide RNA
(gRNA)).

Compositions for delivery of the protein and nucleic acid components of
CRISPR/Cas to acell, such asacell in apatient, are needed. In particular, compositions for
delivering mRNA encoding the CRISPR protein component, and for delivering CRISPR
guide RNAs are of particular interest. Compositions with useful properties for in vitro and
in vivo delivery that can stabilize and deliver RNA components, are also of particular
interest.

Brief Summary

The present disclosure provides amine-containing lipids useful for the formulation

of lipid nanoparticle (LNP) compositions. Such LNP compositions may have properties
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advantageous for delivery of nucleic acid cargo, such as CRISPR/Cas gene editing
components, to cells.
In certain embodiments, the present disclosure relates to a compound having a

structure of Formula (1A):

Y1_Y2_R4
OMV\/

wherein, independently for each occurrence,

&

X1isCi-3 akylene or ’17><]

X?2jssdected from O, NH, NMe, and a bond,

(TA)

2

X3iscz2-4 akylene,

X4is Ci akylene or abond,

X%is Ci akylene or abond,

R1is Ci-3 akyl,

R2is Ci-3 akyl, or

R2 taken together with the nitrogen atom and either R1or a carbon atom of X3form a4-
membered, 5-membered, or 6-membered ring,

Y lissdected from abond, -CH=CH-, -(C=0)0-, and -0(C=0)-,

Y2issdected from -CH2-CH=CH-  and C3-C4 alkylene,

R3issdected from H, c5-7 cycloakyl, Cs-Cio akenyl, and c3-18 akyl,

R4is c4-8 akyl,

or a salt thereof,

with aproviso that when R2isMe, R3islinear c12 akyl, Xlisc2akylene, X2isO, X3is

c3akylene, X4isabond, X%isCi akylene, Y liscis-CH=CH-, and -Y % R4iscis -CH2-

CH=CH-(C5-akyl), then Rlisc2-3 akyl.
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In certain embodiments, the present disclosure relates to a compound having a

structure of Formula (1):

O

3 1
o) o)l\xz’X\N’R

|
OJ\X1J\R3 R?
I 0

4 5 1
O

1
02\/\/\/\/\(\/:\ R

each occurrence,

wherein, independently for

X1liscz-3 akylene,

XZ2ijssdected from O, NH, NMe, and abond,

X3isc2-4 akylene,

X4is Ci akylene or abond,

X3is Ci akylene or abond,

RlisCi-2 akyl,

R2is Ci-2 akyl, or

R2taken together with the nitrogen atom and either R1or a carbon atom of

X3form a 5-membered or a 6-membered ring,

Y lisselected from -CH=CH-, -(C=0)0-, and -0(C=0)-,

R3is selected from H, c5-7 cycloalkyl, and c3-18 akyl,

R4is c4-7 akyl,

or a salt thereof,

with aproviso that when R2isMe, R3islinear c12 akyl, XlisCc2akylene, X2isO,
X3isc3alkylene, X4isabond, X®isCi akylene, Yliscis-CH=CH- and R4isCs akyl,
then Rlisc2alkyl, or asalt thereof, such asapharmaceutically acceptable salt thereof.

In certain embodiments, the compound isacompound of Formula (l) with a proviso
that when R2isMe, R3islinear c12 akyl, Xlisc2akylene, X2isO, X3iscC3akylene, X4
isabond, X®isCi alkylene, and Y liscis-CH=CH-, then Rlisc2alkyl.

In certain embodiments, Xlislinear Cc2akylene. In other embodiments, XlisCi

akylene. In some embodiments, X lislinear C3akylene or branched C3alkylene.
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In some other embodiments, X2isNH or O. In certain preferred embodiments, X2is
O and X3iscs4 akylene. In some embodiments, X3iscz23 akylene. In certain
embodiments, X2isNMe or abond.

In certain embodiments, R2 and a carbon atom of X3taken together form a4-
membered ring. In certain embodiments, R2 and a carbon atom of X3taken together form a
5-membered ring. In some embodiments, R2 and acarbon atom of X3 taken together form a
6-membered ring. Alternatively, R2may be C2akyl. In some instances, R2is Ci akyl. In
some embodiments, RZ?is substituted, for example, with ahydroxy group, an example of R?
includes hydroxy-substituted C2 alkyl.

In certain embodiments, R1is Ci akyl. Alternatively, R1may be c2alkyl. In some
embodiments, R1is substituted, for example, with ahydroxy group, an example of R1
includes hydroxy-substituted c2alkyl. In other embodiments, R1and R2together form a4-
membered ring. In other embodiments, R and R2together form a 5-membered ring. In still
other embodiments, R and R2together form a 6-membered ring.

In some embodiments, R3islinear Cs-iakyl, for example linear c7-12 alkyl, such as
linear c7-9 akyl. Alternatively, R3can belinear cs¢ alkyl. In some embodiments, R3is
branched cs-10 alkyl. In other embodiments, R3iscs7 cycloalkyl, for example Cg,
cycloalkyl. In some embodiments, R3isH.In some embodiments, R3isCs-io alkenyl.

In certain embodiments, R4islinear cs6 alkyl.

In some embodiments, X4isabond.

In certain embodiments, X>isa Ci akylene.

In some embodiments, Y% R4is-CH2-CH=CH-R 4.

In other embodiments, YZ2islinear c 3 akylene.

In some embodiments, Y lisselected from abond, -CH=CH-, and -0(C=0)-, for
example, -CH=CH- and -0(C=0)-.
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In certain embodiments, the compound isa compound of Formula I1:

A~~~ — V2R
0

variables are defined asfor Formula (1A).

(I1), wherein the

In certain embodiments, the compound is a compound of Formula Il1;
X
X3, R
0O 07 ~x? g

L b

(I1I),
wherein the variables are defined asfor Formula (1A).

Representative compounds of Formula (1A) or (1) include:
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or a salt thereof, preferably apharmaceutically acceptable salt.
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or a salt thereof.

In yet other embodiments, the compound is selected from
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or a salt thereof.

In certain embodiments, the disclosure relates to any compound described herein,
wherein the pKa of the protonated form of the compound isfrom about 5.1 to about 8.0, for
example, from about 5.6 to about 7.2, from about 5.7 to about 6.5, or from about 5.8 to
about 6.2. In some embodiments, the pKa of the protonated form of the compound isfrom
about 5.5 to about 6.0. In certain embodiments, the pKa of the protonated form of the
compound isfrom about 6.1 to about 6.3.

In certain embodiments, the disclosure relates to acomposition comprising any
compound described herein,

In certain embodiments, the disclosure relates to acomposition comprising any
compound described herein and alipid component, for example comprising about 50% by
weight of a compound described herein and alipid component, for example, an amine lipid,
preferably acompound of Formula (1A), (1), (11), or (I11).

In certain embodiments, the disclosure relates to any composition described herein,
wherein the composition isan LNP composition. For example, the disclosure relates to an
LNP composition comprising any compound described herein and alipid component. In
certain embodiments, the disclosure relates to any LNP composition described herein,
wherein the lipid component comprises a helper lipid and a PEG lipid. In certain
embodiments, the disclosure relates to any LNP composition described herein, wherein the

lipid component comprises a helper lipid, a PEG lipid, and aneutral lipid. In certain
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embodiments, the disclosure relates to any LNP composition described herein, further
comprising a cryoprotectant. In certain embodiments, the disclosure relates to any LNP
composition described herein, further comprising a buffer.

In certain embodiments, the disclosure relates to any LNP composition described
herein, further comprising a nucleic acid component. In certain embodiments, the disclosure
relates to any LNP composition described herein, further comprising an RNA or DNA
component. In certain embodiments, the disclosure relates to any LNP composition
described herein, wherein the LNP composition has an N/P ratio of about 3-10, for example
the N/P ratio isabout 6 + 1, or the N/P ratio isabout 6 + 0.5. In certain embodiments, the
disclosure relates to any LNP composition described herein, wherein the LNP composition
has an N/P ratio of about 6.

In certain embodiments, the disclosure relates to any LNP composition described
herein, wherein the RNA component comprises an mRNA. In certain embodiments, the
disclosure relates to any LNP composition described herein, wherein the RNA component
comprises an RNA-guided DNA binding agent, for example a Cas nuclease mRNA, such as
a Class 2 Cas nuclease mRNA, or a Cas9 nuclease mRNA.

In certain embodiments, the disclosure relates to any LNP composition described
herein, wherein the mRNA isamodified mRNA. In certain embodiments, the disclosure
relates to any LNP composition described herein, wherein the RNA component comprises a
gRNA nucleic acid. In certain embodiments, the disclosure relates to any LNP composition
described herein, wherein the gRNA nucleic acid isagRNA.

In certain embodiments, the disclosure relates to an LNP composition described
herein, wherein the RNA component comprises a Class 2 Cas nuclease mRNA and a
gRNA.. In certain embodiments, the disclosure relates to any LNP composition described
herein, wherein the gRNA nucleic acid is or encodes a dual-guide RNA (dgRNA). In
certain embodiments, the disclosure relates to any LNP composition described herein,
wherein the gRNA nucleic acid is or encodes a single-guide RNA (sgRNA).

In certain embodiments, the disclosure relates to any LNP composition described
herein, wherein the gRNA isamodified gRNA. In certain embodiments, the disclosure
relates to any LNP composition described herein, wherein the modified gRNA comprises a
modification a one or more of the first five nucleotides a a5’ end. In certain embodiments,
the disclosure relates to any LNP composition described herein, wherein the modified

gRNA comprises amodification at one or more of the last five nucleotides a& a3’ end.
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In certain embodiments, the disclosure relates to any LNP composition described
herein, further comprising at least one template nucleic acid.

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

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

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

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

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

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

In certain embodiments, the disclosure relates to any method of gene editing

described herein, wherein the gene editing results in a gene correction.

Brief Description of Drawings
Figures 1A-1C show invivo editing a the TTR locus and the compounds tested in

the assay. Fig. 1A illustrates the chemical structures of compounds that are tested. Fig. 1B
shows the percentage of editing of TTR in mouse liver cells after delivery. Fig. 1C shows
serum TTR levels (pg/mL) after delivery.

Figure 2 isagraph showing percentage of editing of TTR in mouse liver cells after
delivery using LNPs comprising a compound of Formula (IA) or a control compound. Dose
response data are also shown.

Figures 3A-3B show results after delivering using LNPs comprising a compound of
Formula (1A). Fig. 3A isagraph showing percentage of editing of TTR in mouse liver cells
after delivery. Fig. 3B isagraph showing serum TTR (pg/mL) after delivery.

Figures 4A-4C show in vivo editing a the TTR locus and the compounds tested in
the assay. Fig. 4A illustrates the chemical structures of test compounds. Fig.4B showsthe
percentage of editing of TTR in mouse liver cells after delivery. Fig. 4C shows serum TTR
levels (pg/mL) after delivery.

Figures 5A-5C show compounds of Formula (IA) and results of delivery using the
compounds. Fig. 5A illustrates the chemical structures of test compounds. Fig. 5B shows
the percentage of editing of TTR in mouse liver cells after delivery. Fig. 5C shows serum
TTR levels (pg/mL) after delivery.

Figures 6A-6C show compounds of Formula (IA) and results delivery using the
compounds. Fig. 6A illustrates the chemical structures of test compounds. Fig. 6B shows
the percentage of editing of TTR in mouse liver cells after delivery. Fig. 6C shows serum
TTR levels (pg/mL) after delivery.

Figures 7A-7C show compounds of Formula (IA) and results of delivery using the

compounds. Fig. 7A illustrates the chemical structures of test compounds. Fig. 7B shows
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the percentage of editing of TTR in mouse liver cells after delivery. Fig. 7C shows serum
TTR levels (pg/mL) after delivery.

Figures 8A-8C show compounds of Formula (IA) and results of delivery using the
compounds. Fig. 8A illustrates the chemical structures of test compounds where n=I, 2, or
3. Fig. 8B showsthe percentage of editing of TTR in mouse liver cells after delivery. Fig.
8C shows serum TTR levels (pg/mL) after delivery.

Figures 9A-9C show compounds of Formula (IA) and results of delivery using the
compounds. Fig. 9A illustrates the chemical structures of test compounds. Fig. 9B shows
the percentage of editing of TTR in mouse liver cells after delivery. Fig. 9C shows serum
TTR levels (pg/mL) after delivery.

Figures 10A-10C show compounds of Formula (IA) and results of delivery using
the compounds. Fig. 10A illustrates the chemical structures of test compounds. Fig. 10B
shows the percentage of editing of TTR in mouse liver cells after delivery. Fig. 10C shows
serum TTR levels (pg/mL) after delivery.

Figures 11A-11D show compounds of Formula (IA) and results of delivery using
the compounds. Fig. 11A and Fig. 1IB illustrate the chemical structures of test compounds.
Fig. | 1 C showsthe percentage of editing of TTR in mouse liver cells after delivery. Fig.
11D shows serum TTR levels (pg/mL) after delivery.

Figures 12A-12B show compounds of Formula (IA) and results of delivery using
the compounds. Fig. 12A shows the percentage of editing of TTR inrat liver cells after
delivery. Fig. 12B shows serum TTR levels (pg/mL) after delivery.

Figures 13A-13B show compounds of Formula (IA) and results of delivery using
the compounds. Fig. 13A illustrates the chemical structures of test compounds. Fig. 13B
shows the percentage of editing of TTR in HUH7 cells after delivery.

Detailed Description

The present disclosure provides lipids, particularly ionizable lipids, useful for
delivering biologically active agents, including nucleic acids, such as CRISPR/Cas
component RNAs (the “cargo”), to acell, and methods for preparing and using such
compositions. The lipids and pharmaceutically acceptable salts thereof are provided,
optionally as compositions comprising the lipids, including LNP compositions. In certain
embodiments, the LNP composition may comprise abiologically active agent, eg. an RNA

component, and alipid component that includes a compound of Formula (1A), (1), (1), or
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(111), as defined herein. In some embodiments, the RNA component comprises anucleic
acid. In some embodiments, the lipids are used to deliver abiologically active agent, eg. a
nucleic acid such asan mRNA to acell such asaliver cell. In certain embodiments, the
RNA component includes agRNA and optionally an mRNA encoding a Class 2 Cas
nuclease and optionally agRNA or nucleic acids encoding gRNAs. Methods of gene
editing and methods of making engineered cells using these compositions are aso provided.
Lipid Nanoparticle Compositions

Disclosed herein are various LNP compositions for delivering biologicaly active
agents, such asnucleic acids, e.g.,, MRNAs and gRNAS, including CRISPR/Cas cargoes.
Such LNP compositions include an “ionizable amine lipid”, along with aneutral lipid, a
PEG lipid, and ahelper lipid. “Lipid nanoparticle” or “LNP” refers to, without limiting the
meaning, aparticle that comprises aplurality of (i.e.,, more than one) LNP components
physically associated with each other by intermolecular forces.
Lipids

The disclosure provides lipids that can beused in LNP compositions.

In certain embodiments, the present disclosure relates to a compound having a

structure of Formula (1A):

M ,oxa R

=N

Y1_Y2_R4
OMV\/

wherein, independently for each occurrence,

£

X1lisCi-3 dkylene or N

X2issdected from O, NH, NMe, and a bond,

(TA)

2

X3iScz.4 aIkerne,
X4is Ci alkylene or abond,
X5is Ci alkylene or abond,
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RlisCi-3 akyl,
R2 is Ci-, alkyl, or

PCT/US2019/064663

R2taken together with the nitrogen atom and either R1or a carbon atom of X3form a4-

membered, 5-membered, or 6-membered ring,

each Y lisindependently selected from abond, -CH=CH-,

each Y2isindependently selected from -CH2-CH=CH-

_(C: O)O-l

and -0(C=0)-,

and cs3-c4 akylene,

R3is selected from H, c5-7 cycloalkyl, Cs-Cio akenyl, and c3-18 alkyl,

each R4isindependently c4-8 alkyl,

or a sat thereof,

with aproviso that when R2isMe, R3islinear c12 akyl, Xlisc2akylene, X2isO, X3is
c3akylene, X4isabond, X5isCi akylene, Yliscis-CH=CH-, and -Y% R4iscis-CH2-
CH=CH-(C5-alkyl), then Rlisc2-3 akyl.

In certain embodiments, the compound isacompound of Formula (IA) with a

proviso that when R2isMe, R1isc2-3 akyl.

In certain embodiments,
isnot Me.

In certain embodiments,
isnot Me.

In certain embodiments,
isnot linear c12 akyl.

In certain embodiments,
isnot C2akylene.

In certain embodiments,
isnot O.

In certain embodiments,
isnot c3akylene

In certain embodiments,
isnot abond.

In certain embodiments,
isnot Ci akylene.

In certain embodiments,

isnot cis-CH=CH-.

the compound

the compound

the compound

the compound

the compound

the compound

the compound

the compound

the compound
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is a compound

is a compound

isa compound

isa compound

is a compound

is a compound

isa compound

is a compound

isa compound

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

of Formula (1A) wherein

R2

R1

R3

X1

X2

X3

X4

X5
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In certain embodiments, the compound isacompound of Formula (IA) wherein -

Y2 R4isnot cis-CH ,-CH=CH-(C5-alkyl).

In certain embodiments, the present disclosure relates to a compound of Formula

(1):

0
3 1
. O)LXZ/X\I}I/R
o)l\x1J\Fa3 R?

l O

4 5 1
X \( X \O)J\/\/\/\/Y\/=\ R4

O

1
O)\/\/\/\/Y\/=\ R

each occurrence,
X1liscz-3 akylene,
XZ2ijssdected from O, NH, NMe, and abond,
X3isc2-4 akylene,
X4is Ci akylene or abond,
X3is Ci akylene or abond,
R1isCi-2 akyl,
R2is Ci-2 akyl, or

wherein, independently for

R2taken together with the nitrogen atom and either R1or a carbon atom of

X3form a 5-membered or a 6-membered ring,

Y lisselected from -CH=CH-, -(C=0)0-, and -0(C=0)-,

R3is selected from H, c5-7 cycloalkyl, and c3-18 akyl,

R4is c4-7 akyl,

or a sdt thereof,

with aproviso that when R2isMe, R3islinear c12 akyl, XlisCc2akylene, X2isO,

X3isc3alkylene, X4isabond, X®isCi akylene, Yliscis-CH=CH-, and R4isCs akyl,

then Rlisc2alkyl, or asalt thereof, such asapharmaceutically acceptable salt thereof.

In certain embodiments, the compound isacompound of Formula (I) with a proviso

that when R2isMe, R3islinear ci12 akyl, Xlisc2akylene, X2isO, X3iscCc3akylene, X4

isabond, X®isCi alkylene, and Y liscis-CH=CH-,

46

then Rlisc2alkyl.



10

15

20

25

30

WO 2020/118041 PCT/US2019/064663

In certain embodiments, the compound is a compound of Formula (I) with a proviso
that when R2isMe, Rlisc2alkyl.

In certain embodiments, the compound is a compound of Formula (1) wherein R2is
not Me.

In certain embodiments, the compound is a compound of Formula (1) wherein Rlis
not Me.

In certain embodiments, the compound is a compound of Formula (1) wherein R3is
not linear c12 alkyl.

In certain embodiments, the compound is a compound of Formula (1) wherein X1is
not Cc2 alkylene.

In certain embodiments, the compound is a compound of Formula (1) wherein X2is
not O.

In certain embodiments, the compound is a compound of Formula (1) wherein X3is
not c 3 alkylene.

In certain embodiments, the compound is a compound of Formula (1) wherein X4is
not a bond.

In certain embodiments, the compound is a compound of Formula (1) wherein X35is
not Ci alkylene.

In certain embodiments, the compound is a compound of Formula (1) wherein Y lis
not cis -CH=CH-.

In some embodiments, the compound is enantiomerically enriched or
diastereomerically enriched, for example, the compound is enantiomerically enriched.

In certain embodiments, X lislinear c » akylene. In other embodiments, X1isc i
alkylene. In some embodiments, X1islinear ¢ 5 alkylene or branched ¢ 5 alkylene.

In some other embodiments, X2isNH or O. In certain preferred embodiments, X2is
O and X3iscs4 akylene. In some embodiments, X3isc,3 akylene. In certain
embodiments, X2isNMe or abond.

In certain embodiments, R2 and a carbon atom of X3taken together form a4-
membered ring. In certain embodiments, R2 and a carbon atom of X3taken together form a
5-membered ring. In some embodiments, R2 and a carbon atom of X3 taken together form a
6-membered ring. Alternatively, R2 may be c2akyl. In some instances, R2is Ci akyl. In
some embodiments, R2is substituted, for example, with a hydroxy group, an example of R?2

includes hydroxy-substituted c2 akyl.
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In certain embodiments, R1is Ci akyl. Alternatively, R1may be c2alkyl. In some
embodiments, R1is substituted, for example, with ahydroxy group, an example of R1
includes hydroxy-substituted C2alkyl. In some embodiments, Risunsubstituted. In some
embodiments, R2isunsubstituted. In preferred embodiments, R1and R2 are both

5  unsubstituted. In other embodiments, R!and R2together form a4-membered ring. In other
embodiments, R1and R2together form a 5-membered ring. In other embodiments, R1and
R2 together form a 6-membered ring.

In some embodiments, R3islinear Cs-ig akyl, for example linear c7.12 akyl, such as

linear c7.o akyl. Alternatively, R3can belinear css alkyl. In some embodiments, R3is
10  branched ce10 akyl. In other embodiments, R3iscs7 cycloakyl, for example G
cycloakyl. In some embodiments, R3isH. In some embodiments, R3is Cs-io alkenyl.

In certain embodiments, R4islinear cs¢ alkyl.

In some embodiments, X4isabond.

In certain embodiments, X>isa Ci akylene.

15 In some embodiments, Y% R4is-CH2-CH=CH-R 4.

In other embodiments, YZ2islinear ¢ 3 akylene.

In some embodiments, Y lisselected from abond, -CH=CH-, and -0(C=0)-, for
example, -CH=CH- and -0(C=0)-.

In certain embodiments, the compound isacompound of Formula I1:

O N
Ay g
| O
x“\( X A~ YR
O
OWNY1_Y2_R4
20 (IT), wherein the

variables are defined as for Formula (IA).

In certain embodiments, Xlislinear ¢, akylene. In other embodiments, X1lisc
akylene. In some embodiments, X1islinear ¢ 5 akylene or branched ¢ 5 akylene.

In some embodiments, R3islinear Cs-ialkyl, for example linear c7.1> akyl, such as

25 linear cr.9 alkyl. Alternatively, R3can belinear cs6 akyl. In some embodiments, R3is
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branched cs10 alkyl. In other embodiments, R3iscs7 cycloakyl, for example G
cycloakyl. In some embodiments, R3isH. In some embodiments, R3is Cs-io alkenyl.
In certain embodiments, R4islinear cs¢ alkyl.
In some embodiments, X4is abond.
5 In certain embodiments, X>isa Ci akylene.
In some embodiments, Y% R4is-CH2-CH=CH-R 4.
In other embodiments, YZ2islinear ¢ 3 akylene.
In some embodiments, Y lisselected from abond, -CH=CH-, and -0(C=0)-, for
example, -CH=CH- and -0(C=0)-.
10 In certain embodiments, the compound is selected from:

Gt
H

o
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and

, or a salt thereof.

In certain embodiments, the compound isa compound of Formula I1l;

O

M ,oxa R

O 0O X N

|
o)Lx1J\R3 R?
0

|
X‘t\( X5\O )W\NW
O

OW\/\/\

wherein the variables are defined asfor Formula (1A).

(1),
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In certain embodiments, Xlislinear ¢, alkylene. In other embodiments, Xlisc i
akylene. In some embodiments, Xlislinear ¢ 5 akylene or branched ¢ 5 akylene.

In some other embodiments, X2isNH or O. In certain preferred embodiments, X2is
O and X3iscz4 akylene. In some embodiments, X3iscxs akylene. In certain
embodiments, X2isNMe or abond.

In certain embodiments, R2 and a carbon atom of X3taken together form a4-
membered ring. In certain embodiments, R2 and a carbon atom of X3taken together form a
5-membered ring. In some embodiments, R2 and acarbon atom of X3 taken together form a
6-membered ring. Alternatively, R2may bec » akyl. In some instances, R2isc i akyl. In
some embodiments, RZ?is substituted, for example, with ahydroxy group, an example of R?
includes hydroxy-substituted c » alkyl.

In certain embodiments, R1isc i akyl. Alternatively, R1may bec > alkyl. In some
embodiments, R1is substituted, for example, with ahydroxy group, an example of R1
includes hydroxy-substituted ¢ > alkyl. In some embodiments, Risunsubstituted. In some
embodiments, R2isunsubstituted. In preferred embodiments, R1and R2 are both
unsubstituted. In other embodiments, R and R2together form a4-membered ring. In other
embodiments, R1and R2together form a 5-membered ring. In other embodiments, R1and
R2 together form a 6-membered ring.

In some embodiments, R3islinear Cs-ig alkyl, for example linear c7.12 akyl, such as
linear c7.o akyl. Alternatively, R3can belinear c3s alkyl. In some embodiments, R3is
branched cs10 akyl. In other embodiments, R3iscs7 cycloalkyl, for example Ce
cycloalkyl. In some embodiments, R3isH.In some embodiments, R3isCs-io alkenyl.

In some embodiments, X4isabond.

In certain embodiments, X>isa Ci akylene.

Representative compounds of Formula (1A) or (I) include:

o
/\N/\/\o)l\o
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or-a salt.thereof,, such as a pharmaceutically- acceptable salt thereof..

78



WO 2020/118041 PCT/US2019/064663
Representative compounds of Formula (IA) or (1) include:
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In some embodiments, the compound is selected from
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or a salt thereof.
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or a salt thereof.

In yet other embodiments, the compound is selected from

o)
G,/\/\OJ\O
© o
OT\OJ\/\/\NW

95



WO 2020/118041 PCT/US2019/064663

@/\/\o 0

“

“

96



WO 2020/118041 PCT/US2019/064663

=o

@/\/\o 0

N N N N U SN

O
@/\/\oko

or a salt thereof.

In certain embodiments, at least 75% of the compound of Formula (1A), (1), (1), or
(111) of lipid compositions formulated as disclosed herein iscleared from the subject’s
plasma within 8, 10, 12, 24, or 48 hours, or 3, 4, 5, 6, 7, or 10 days after administration. In

5  certain embodiments, at least 50% of the lipid compositions comprising a compound of
Formula (1A), (1), (1I), or (111) as disclosed herein are cleared from the subject’s plasma
within 8, 10, 12, 24, or 48 hours, or 3, 4, 5, 6, 7, or 10 days after administration, which can
be determined, for example, by measuring alipid (e.g. acompound of Formula (1A), (1),
(1), or (111)), RNA (e.g. mRNA), or other component in the plasma. In certain

10  embodiments, lipid-encapsulated versus free lipid, RNA, or nucleic acid component of the
lipid composition is measured.

Lipid clearance may be measured as described in literature. See Maier, M.A., etal.
Biodegradable Lipids Enabling Rapidly Eliminated Lipid Nanoparticles for Systemic
Delivery ofRNAi Therapeutics. Mol. Ther. 2013, 21(8), 1570-78 (“ Maier”). For example,

15 inMaier, LNP-ssRNA systems containing luciferases-targeting sSsRNA were administered
to six- to eight-week old male C57B1/6 mice a 0.3 mg/kg by intravenous bolus injection via
the lateral tail vein. Blood, liver, and spleen samples were collected at 0.083, 0.25, 0.5, 1, 2,
4, 8, 24, 48, 96, and 168 hours post-dose. Mice were perfused with saline before tissue
collection and blood samples were processed to obtain plasma. All samples were processed

20  and analyzed by LC-MS. Further, Maier describes a procedure for assessing toxicity after
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administration of LNP-siRNA compositions. For example, aluciferase-targeting SSRNA
was administered at 0, 1, 3, 5, and 10 mg/kg (5 animals/group) via single intravenous bolus
injection at a dose volume of 5 mL/kg to male Sprague-Dawley rats. After 24 hours, about
1 mL of blood was obtained from thejugular vein of conscious animals and the serum was
isolated. At 72 hours post-dose, al animals were euthanized for necropsy. Assessment of
clinical signs, body weight, serum chemistry, organ weights and histopathology was
performed. Although Maier describes methods for assessing SSRNA-LNP compositions,
these methods may be applied to assess clearance, pharmacokinetics, and toxicity of
administration of lipid compositions, such as LNP compositions, of the present disclosure.

In certain embodiments, lipid compositions using the compounds of Formula (1A),
(), (1), or (111) disclosed herein exhibit an increased clearance rate relative to alternative
ionizable amine lipids. In some such embodiments, the clearance rateisalipid clearance
rate, for example the rate a which a compound of Formula (1A), (1), (I1), or (1) iscleared
from the blood, serum, or plasma. In some embodiments, the clearance rate isa cargo (e.g.
biologically active agent) clearance rate, for example the rate at which a cargo component
is cleared from the blood, serum, or plasma. In some embodiments, the clearance rateis an
RNA clearance rate, for example the rate a which an mRNA or agRNA iscleared from the
blood, serum, or plasma. In some embodiments, the clearance rate isthe rate a which LNP
is cleared from the blood, serum, or plasma. In some embodiments, the clearance rate isthe
rate at which LNP is cleared from atissue, such asliver tissue or spleen tissue. Desirably, a
high rate of clearance can result in a safety profile with no substantial adverse effects,
and/or reduced LNP accumulation in circulation and/or in tissues.

The compounds of Formula (I1A), (1), (1), or (111) of the present disclosure may form
salts depending upon the pH of the medium they are in. For example, in adightly acidic
medium, the compounds of Formula (I1A), (1), (I1), or (I11I) may be protonated and thus bear
apositive charge. Conversely, in a dightly basic medium, such as, for example, blood
where pH is approximately 7.35, the compounds of Formula (I1A), (1), (11), or (111) may not
be protonated and thus bear no charge. In some embodiments, the compounds of Formula
(1A), (1), (11), or (111) of the present disclosure may be predominantly protonated a apH of
a least about 9. In some embodiments, the compounds of Formula (I1A), (1), (I1), or (I11) of
the present disclosure may be predominantly protonated at a pH of at least about 10.

The pH a which a compound of Formula (1A), (1), (1), or (111) is predominantly

protonated isrelated toitsintrinsic pKa. In preferred embodiments, a salt of a compound of
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Formula (1A), (1), (1), or (111) of the present disclosure has apKa in the range of about 5.1
to about 8.0, even more preferably from about 5.5 to about 7.5, for example from about 6.1
to about 6.3. In other preferred embodiments, a salt of a compound of Formula (1A), (1),
(1N, or (111) of the present disclosure has a pKa in the range of about 5.3 to about 8.0, e.g.,
from about 5.6 to about 7.2, from about 5.7 to about 6.5. In other embodiments, a salt of a
compound of Formula (1A), (1), (11), or (I11) of the present disclosure has apKain the range
of about 5.7 to about 6.4, e.g., from about 5.8 to about 6.2. In other preferred embodiments,
asalt of acompound of Formula (1A), (1), (1), or (l11) of the present disclosure has apKain
the range of about 5.7 to about 6.5, e.g., from about 5.8 to about 6.4. Alternatively, a salt of
acompound of Formula (1A), (1), (11), or (111) of the present disclosure has apKain the
range of about 5.8 to about 6.5. In some embodiments, the pKa of the protonated form of
the compound of Formula (1A), (1), (11), or (111) isfrom about 5.5 to about 6.0. A salt of a
compound of Formula (1A), (1), (11), or (I11) of the present disclosure may have apKain the
range of about 6.0 to about 8.0, preferably from about 6.0 to about 7.5. The pKa of a salt of
acompound of Formula (1A), (1), (I1), or (l111) can be an important consideration in
formulating LNPs, asit has been found that LNPs formulated with certain lipids having a
pKa ranging from about 5.5 to about 7.0 are effective for delivery of cargo in vivo, eg. to
the liver. Further, it has been found that LNPs formulated with certain lipids having apKa
ranging from about 5.3 to about 6.4 are effective for delivery in vivo, e.g. to tumors. See,
e.g, WO 2014/136086.

In certain embodiments, disclosure relates to a compound of formula (1A), (1), (1),
or (I11) that is enantioenriched. The level of enantioenrichment of a compound may be
expressed as enantiomeric excess (eg). The ee of acompound may be measured by dividing
the difference in the fractions of the enantiomers by the sum of the fractions of the
enantiomers. For example, if acompound isfound to comprise 98% (S)-enantiomer, and
2% (R) enantiomer, then the ee of the compound i s (98-2)/(98+2), or 96%. In certain
embodiments, the compound of formula (1A), (1), (11), or (111) has about 30% ee or greater,
40% ee or greater, 50% ee or greater, 60% ee or greater, 70% ee or greater, about 80% ee,
about 85% ee, about 88% ee, about 90% ee, about 91% ee, about 92% ee, about 93% ee,
about 94% ee, about 95% ee, about 96% ee, about 97% ee, about 98% ee, about 99% ee, or
above about 99% ee, even where this % ee is greater than the % ee of the starting material,
such as 0% ee (racemic). In certain embodiments, the compound of formula (1A), (1), (I1),

or (1) isenantioenriched. In certain embodiments, the compound of formula (1A), (1), (1),
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or (111) isenantiopure. In embodiments where the compound has more than one
stereocenter, that stereocenter may be enriched substantially independently of the
stereochemical disposition/enrichment of any other stereocenters of the molecule. For
example, acompound described herein may have 30% de or greater, 40% de or greater,
50% de or greater, 60% de or greater, 70% de or greater, 80% de or greater, 90% de or
greater, 95% de or greater, or even 98% de or greater at a specific stereocenter.
Additional Lipids

“Neutral lipids” suitable for use in alipid composition of the disclosure include, for
example, avariety of neutral, uncharged or zwitterionic lipids. Examples of neutral
phospholipids suitable for use in the present disclosure include, but are not limited to,
dipalmitoylphosphatidylcholine (DPPC), distearoylphosphatidylcholine (DSPC),
phosphocholine (DOPC), dimyristoylphosphatidylcholine (DMPC), phosphatidylcholine
(PLPC), |,2-distearoyl-sn-glycero-3-phosphocholine (DAPC), phosphatidylethanolamine
(PE), egg phosphatidylcholine (EPC), dilauryloylphosphatidylcholine (DLPC),
dimyristoylphosphatidylcholine (DMPC), |-myristoyl-2-palmitoyl phosphatidylcholine
(MPPC), |-palmitoyl-2-myristoyl phosphatidylcholine (PMPC), I-palmitoyl-2-stearoyl
phosphatidylcholine (PSPC), |,2-diarachidoyl-sn-glycero-3 -phosphocholine (DBPC), 1-
stearoyl-2-palmitoyl phosphatidylcholine (SPPC), |,2-dieicosenoyl-sn-glycero-3-
phosphocholine (DEPC), palmitoyloleoyl phosphatidylcholine (POPC), lysophosphatidy!
choline, dioleoyl phosphatidylethanolamine (DOPE), dilinoleoylphosphatidylcholine
distearoylphosphatidylethanolamine (DSPE), dimyristoyl phosphatidylethanolamine
(DMPE), dipalmitoyl phosphatidylethanolamine (DPPE), palmitoyloleoyl
phosphatidylethanolamine (POPE), lysophosphatidylethanolamine and combinations
thereof. In certain embodiments, the neutral phospholipid may be selected from
distearoylphosphatidylcholine (DSPC) and dimyristoyl phosphatidyl ethanolamine
(DMPE), preferably distearoylphosphatidylcholine (DSPC).
“Helper lipids’ include steroids, sterols, and alkyl resorcinols. Helper lipids suitable for use
in the present disclosure include, but are not limited to, cholesterol, 5-heptadecylresorcinol,
and cholesterol hemi succinate. In certain embodiments, the helper lipid may be cholesterol
or aderivative thereof, such as cholesterol hemi succinate.

PEG lipids can affect the length of time the nanoparticles can exist in vivo (e.g, in
the blood). PEG lipids may assist in the formulation process by, for example, reducing

particle aggregation and controlling particle size. PEG lipids used herein may modulate
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pharmacokinetic properties of the LNPs. Typicaly, the PEG lipid comprises alipid moiety
and apolymer moiety based on PEG (sometimes referred to as poly(ethylene oxide)) (a
PEG moiety). PEG lipids suitable for use in alipid composition with a compound of
Formula (1A), (1), (11), or (111) of the present disclosure and information about the
biochemistry of such lipids can be found in Romberg et al., Pharmaceutical Research 25(1),
2008, pp. 55-71 and Hoekstra et a., Biochimica et Biophysica Acta 1660 (2004) 41-52.
Additional suitable PEG lipids are disclosed, e.g., in WO 2015/095340 (p. 31, line 14 top.
37, line 6), WO 2006/007712, and WO 201 1/076807 ("stedth lipids").

In some embodiments, the lipid moiety may be derived from diacylglycerol or
diacylglycamide, including those comprising a dialkylglycerol or dialkylglycamide group
having alkyl chain length independently comprising from about C4 to about C40 saturated
or unsaturated carbon atoms, wherein the chain may comprise one or more functional
groups such as, for example, an amide or ester. In some embodiments, the alkyl chain
length comprises about CIO to C20. The dialkylglycerol or dialkylglycamide group can
further comprise one or more substituted alkyl groups. The chain lengths may be
symmetrical or asymmetric.

Unless otherwise indicated, the term “PEG” asused herein means any polyethylene
glycol or other polyalkylene ether polymer, such as an optionally substituted linear or
branched polymer of ethylene glycol or ethylene oxide. In certain embodiments, the PEG
moiety isunsubstituted. Alternatively, the PEG moiety may be substituted, e.g., by one or
more akyl, alkoxy, acyl, hydroxy, or aryl groups. For example, the PEG moiety may
comprise aPEG copolymer such as PEG-polyurethane or PEG-polypropylene (see, e.g, J.
Milton Harris, Poly(ethylene glycol) chemistry: biotechnical and biomedical applications
(1992)); aternatively, the PEG moiety may be aPEG homopolymer. In certain
embodiments, the PEG moiety has amolecular weight of about 130 to about 50,000, such
asfrom about 150 to about 30,000, or even from about 150 to about 20,000. Similarly, the
PEG moiety may have amolecular weight of about 150 to about 15,000, from about 150 to
about 10,000, from about 150 to about 6,000, or even from about 150 to about 5,000. In
certain preferred embodiments, the PEG moiety has a molecular weight of about 150 to
about 4,000, from about 150 to about 3,000, from about 300 to about 3,000, from about
1,000 to about 3,000, or from about 1,500 to about 2,500.
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In certain preferred embodiments, the PEG moiety isa“PEG-2K,” aso termed
“PEG 2000,” which has an average molecular weight of about 2,000 daltons. PEG-2K is

represented herein by the following formula (11), wherein n is45, meaning that the number

OR
averaged degree of polymerization comprises about 45 subunits TO/\/}“ (1.
However, other PEG embodiments known in the art may be used, including, e.g, those
where the number-averaged degree of polymerization comprises about 23 subunits (n=23),
and/or 68 subunits (n=68). In some embodiments, n may range from about 30 to about 60.
In some embodiments, n may range from about 35 to about 55. In some embodiments, n
may range from about 40 to about 50. In some embodiments, n may range from about 42 to
about 48. In some embodiments, n may be 45. In some embodiments, R may be selected
from H, substituted alkyl, and unsubstituted alkyl. In some embodiments, R may be
unsubstituted alkyl, such as methyl.

In any of the embodiments described herein, the PEG lipid may be selected from
PEG-dilauroylglycerol, PEG-dimyristoylglycerol (PEG-DMG) (catalog # GM-020 from
NOF, Tokyo, Japan), PEG-dipa mitoylglycerol, PEG-distearoylglycerol (PEG-DSPE)
(catalog # DSPE-020CN, NOF, Tokyo, Japan), PEG-dilaurylglycamide, PEG-
dimyristylglycamide, PEG-dipalmitoylglycamide, and PEG-distearoylglycamide, PEG-
cholesterol (I-[8'-(Cholest-5-en-3[ beta]-oxy)carboxamido-3',6'-dioxaoctanyl] carbamoyl -
[omega] -methyl-poly(ethylene glycol), PEG-DMB (3,4-ditetradecoxylbenzyl-[omegal-
methyl-poly(ethylene glycol)ether), |,2-dimyristoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(poly ethylene glycol)-2000] (PEG2k-DMG) (cat. #880 150P from Avanti Polar
Lipids, Alabaster, Alabama, USA), |,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (PEG2k-DSPE) (cat. #8801200 from Avanti Polar
Lipids, Alabaster, Alabama, USA), 1,2-distearoyl-sn-glycerol, methoxypoly ethylene glycol
(PEG2k-DSG; GS-020, NOF Tokyo, Japan), poly(ethylene glycol)-2000-dimethacrylate
(PEG2k-DMA), and |,2-distearyloxypropyl-3-amine-N-[methoxy(polyethylene  glycol)-
2000] (PEG2k-DSA). In certain such embodiments, the PEG lipid may be PEG2k-DMG. In
some embodiments, the PEG lipid may be PEG2k-DSG. In other embodiments, the PEG
lipid may be PEG2k-DSPE. In some embodiments, the PEG lipid may be PEG2k-DMA. In
yet other embodiments, the PEG lipid may be PEG2k-C-DMA. In certain embodiments, the
PEG lipid may be compound S027, disclosed in WO20 16/0 10840 (paragraphs [00240] to
[00244]). In some embodiments, the PEG lipid may be PEG2k-DSA. In other
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embodiments, the PEG lipid may be PEG2k-CI 1. In some embodiments, the PEG lipid may
be PEG2k-C14. In some embodiments, the PEG lipid may be PEG2k-C16. In some
embodiments, the PEG lipid may be PEG2k-C18.

Cationic lipids suitable for use in alipid composition of the disclosure include, but
are not limited to, N,N-dioleyl-N,N-dimethylammonium chloride (DODAC),N,N-distearyl-
N ,N-dimethylammonium bromide (DDAB), N-(I-(2,3-dioleoyloxy)propyl)-N,N,N-
trimethylammonium chloride (DOTAP), |,2-Dioleoyl-3-Dimethylammonium -propane
(DODAP), N-(I-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium  chloride (DOTMA),
1.2-Dioleoylcarbamyl-3-Dimethylammonium -propane (DOCDAP), |,2-Dilineoyl-3-
Dimethylammonium -propane (DLINDAP), dilauryl(C12:0) trimethyl ammonium propane
(DLTAP), Dioctadecylamidoglycyl spermine (DOGS), DC-Choi, Dioleoyloxy-N-[2-
(sperminecarboxamido)ethyl]-N,N-dimethyl- 1-propanaminiumtrifluoroacetate (DOSPA),
1.2-Dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide (DMRIE), 3-
Dimethylamino-2-(Cholest-5-en-3-beta-oxybutan-4-oxy)-I-(cis,cis-9,12-
octadecadienoxy)propane (CLinDMA), N,N-dimethyl-2,3-dioleyloxy)propylamine
(DODMA), 2-[5'-(cholest-5-en-3[ beta] -oxy)-3'-oxapentoxy)-3-dimethyl-I-(cis,cis-9',|-2'-
octadecadienoxy) propane (CpLinDMA), N,N-Dimethyl-3,4-dioleyloxybenzylamine
(DMOBA), and |,2-N,N'-Dioleylcarbamyl-3-dimethylaminopropane (DOcarbDAP). In one
embodiment the cationic lipid isDOTAP or DLTAP.

Anionic lipids suitable for use in the present disclosure include, but are not limited
to, phosphatidylglycerol, cardiolipin, diacylphosphatidylserine, diacylphosphatidic acid, N-
dodecanoyl phosphatidyl ethanolamine, N-succinyl phosphatidylethanolamine, N-glutaryl
phosphatidylethanolamine cholesterol hemisuccinate (CHEMS), and
lysylphosphatidylglyceral.

Lipid Compositions

The present disclosure provides alipid composition comprising a least one
compound of Formula (1A), (1), (11), or (I11) or asalt thereof (e.g., apharmaceutically
acceptable salt thereof) and at least one other lipid component. Such compositions can also
contain abiologically active agent, optionally in combination with one or more other lipid
components. In some embodiments, the lipid compositions comprise alipid component and
an agueous component comprising abiologically active agent.

In one embodiment, the lipid composition comprises a compound of Formula (1A),

(), (1N, or (111), or apharmaceutically acceptable salt thereof, and & |east one other lipid
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component. In another embodiment, the lipid composition further comprises abiologically
active agent, optionally in combination with one or more other lipid components. In another
embodiment the lipid composition isin the form of aliposome. In another embodiment the
lipid composition isin the form of alipid nanoparticle (LNP). In another embodiment the
lipid composition is suitable for delivery to the liver.

In one embodiment, the lipid composition comprises a compound of Formula (1A),
(D, (1), or (I11), or apharmaceutically acceptable salt thereof, and another lipid component.
Such other lipid components include, but are not limited to, neutral lipids, helper lipids,
PEG lipids, cationic lipids, and anionic lipids. In certain embodiments, the lipid
composition comprises acompound of Formula (1A), (1), (I1), or (111), or apharmaceutically
acceptable salt thereof, and aneutral lipid, e.g. DSPC, optionally with one or more
additional lipid components. In another embodiment, the lipid composition comprises a
compound of Formula (IA), (1), (I1), or (111), or a pharmaceuticaly acceptable salt thereof,
and a helper lipid, e.g. cholesterol, optionally with one or more additional lipid components.
In further embodiment, the lipid composition comprises acompound of Formula (1A), (1),
(1), or (I11), or apharmaceutically acceptable salt thereof, and a PEG lipid, optionally with
one or more additional lipid components. In further embodiment, the lipid composition
comprises a compound of Formula (1A), (1), (1), or (111), or apharmaceutically acceptable
salt thereof, and a cationic lipid, optionally with one or more additional lipid components.
In further embodiment, the lipid composition comprises acompound of Formula (1A), (1),
(1), or (I11), or apharmaceutically acceptable salt thereof, and an anionic lipid, optionally
with one or more additional lipid components. In a sub-embodiment, the lipid composition
comprises a compound of Formula (1A), (1), (1), or (111), or apharmaceutically acceptable
salt thereof, ahelper lipid, and aPEG lipid, optionally with aneutral lipid. In afurther sub-
embodiment, the lipid composition comprises a compound of Formula (IA), (1), (1), or
(111), or a pharmaceutically acceptable salt thereof, ahelper lipid, aPEG lipid, and aneutral
lipid.

Compositions containing lipids of Formula (1A), (1), (1), or (I1I), or a
pharmaceutically acceptable sat thereof, or lipid compositions thereof may bein various
forms, including, but not limited to, particle forming delivery agents including
microparticles, nanoparticles and transfection agents that are useful for delivering various
molecules to cells. Specific compositions are effective at transfecting or delivering

biologically active agents. Preferred biologically active agents are RNAs and DNAs. In
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further embodiments, the biologically active agent ischosen from mRNA, gRNA, and
DNA. The gRNA may be adgRNA or an sgRNA. In certain embodiments, the cargo
includes an mMRNA encoding an RNA-guided DNA binding agent (eg. a Cas nuclease, a
Class 2 Cas nuclease, or Cas9), agRNA or anucleic acid encoding agRNA, or a
combination of MRNA and gRNA.

Exemplary compounds of Formula (IA), (1), (I1), or (I1I) for use inthe above lipid
compositions are given in Examples 2-48, 50-97, 99-103, and 105-1 13.

In certain embodiments, the compound of Formula (IA) is Compound 2. In certain
embodiments, the compound of Formula (1A) is Compound 3. In certain embodiments, the
compound of Formula (I1A) is Compound 4. In certain embodiments, the compound of
Formula (1A) is Compound 5. In certain embodiments, the compound of Formula (1A) is
Compound 6. In certain embodiments, the compound of Formula (IA) is Compound 7. In
certain embodiments, the compound of Formula (IA) is Compound 8. In certain
embodiments, the compound of Formula (1A) is Compound 9. In certain embodiments, the
compound of Formula (IA) is Compound 10.

In certain embodiments, the compound of Formula (IA) is Compound 11. In certain
embodiments, the compound of Formula (1A) is Compound 12. In certain embodiments, the
compound of Formula (1A) is Compound 13. In certain embodiments, the compound of
Formula (1A) is Compound 14. In certain embodiments, the compound of Formula (IA) is
Compound 15. In certain embodiments, the compound of Formula (IA) is Compound 16. In
certain embodiments, the compound of Formula (IA) is Compound 17. In certain
embodiments, the compound of Formula (1A) is Compound 18. In certain embodiments, the
compound of Formula (I1A) is Compound 19. In certain embodiments, the compound of
Formula (1A) is Compound 20.

In certain embodiments, the compound of Formula (IA) is Compound 21. In certain
embodiments, the compound of Formula (1A) is Compound 22. In certain embodiments, the
compound of Formula (I1A) is Compound 23. In certain embodiments, the compound of
Formula (1A) is Compound 24. In certain embodiments, the compound of Formula (IA) is
Compound 25. In certain embodiments, the compound of Formula (IA) is Compound 26. In
certain embodiments, the compound of Formula (IA) is Compound 27. In certain

embodiments, the compound of Formula (1A) is Compound 28. In certain embodiments, the
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compound of Formula (1A) is Compound 29. In certain embodiments, the compound of
Formula (1A) is Compound 30.

In certain embodiments, the compound of Formula (1A) is Compound 31. In certain
embodiments, the compound of Formula (IA) is Compound 32. In certain embodiments, the
compound of Formula (1A) is Compound 33. In certain embodiments, the compound of
Formula (1A) is Compound 34. In certain embodiments, the compound of Formula (1A) is
Compound 35. In certain embodiments, the compound of Formula (1A) is Compound 36. In
certain embodiments, the compound of Formula (IA) is Compound 37. In certain
embodiments, the compound of Formula (IA) is Compound 38. In certain embodiments, the
compound of Formula (1A) is Compound 39. In certain embodiments, the compound of
Formula (1A) is Compound 40.

In certain embodiments, the compound of Formula (1A) is Compound 41. In certain
embodiments, the compound of Formula (IA) is Compound 42. In certain embodiments, the
compound of Formula (1A) is Compound 43. In certain embodiments, the compound of
Formula (1A) is Compound 44. In certain embodiments, the compound of Formula (1A) is
Compound 45. In certain embodiments, the compound of Formula (1A) is Compound 46. In
certain embodiments, the compound of Formula (IA) is Compound 47. In certain
embodiments, the compound of Formula (IA) is Compound 48. In certain embodiments, the
compound of Formula (1A) is Compound 50.

In certain embodiments, the compound of Formula (1A) is Compound 51. In certain
embodiments, the compound of Formula (IA) is Compound 52. In certain embodiments, the
compound of Formula (I1A) is Compound 53. In certain embodiments, the compound of
Formula (1A) is Compound 54. In certain embodiments, the compound of Formula (1A) is
Compound 55. In certain embodiments, the compound of Formula (1A) is Compound 56. In
certain embodiments, the compound of Formula (IA) is Compound 57. In certain
embodiments, the compound of Formula (IA) is Compound 58. In certain embodiments, the
compound of Formula (1A) is Compound 59. In certain embodiments, the compound of
Formula (1A) is Compound 60.

In certain embodiments, the compound of Formula (1A) is Compound 61. In certain
embodiments, the compound of Formula (IA) is Compound 62. In certain embodiments, the
compound of Formula (1A) is Compound 63. In certain embodiments, the compound of
Formula (1A) is Compound 64. In certain embodiments, the compound of Formula (1A) is
Compound 65. In certain embodiments, the compound of Formula (1A) is Compound 66. In
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certain embodiments, the compound of Formula (IA) is Compound 67. In certain
embodiments, the compound of Formula (1A) is Compound 68. In certain embodiments, the
compound of Formula (IA) is Compound 69. In certain embodiments, the compound of
Formula (1A) is Compound 70.

In certain embodiments, the compound of Formula (IA) is Compound 71. In certain
embodiments, the compound of Formula (1A) is Compound 72. In certain embodiments, the
compound of Formula (IA) is Compound 73. In certain embodiments, the compound of
Formula (1A) is Compound 74. In certain embodiments, the compound of Formula (IA) is
Compound 75. In certain embodiments, the compound of Formula (IA) is Compound 76. In
certain embodiments, the compound of Formula (IA) is Compound 77. In certain
embodiments, the compound of Formula (1A) is Compound 78. In certain embodiments, the
compound of Formula (IA) is Compound 79. In certain embodiments, the compound of
Formula (1A) is Compound 80.

In certain embodiments, the compound of Formula (IA) is Compound 81. In certain
embodiments, the compound of Formula (1A) is Compound 82. In certain embodiments, the
compound of Formula (IA) is Compound 83. In certain embodiments, the compound of
Formula (1A) is Compound 84. In certain embodiments, the compound of Formula (IA) is
Compound 85. In certain embodiments, the compound of Formula (IA) is Compound 86. In
certain embodiments, the compound of Formula (IA) is Compound 87. In certain
embodiments, the compound of Formula (1A) is Compound 88. In certain embodiments, the
compound of Formula (IA) is Compound 89. In certain embodiments, the compound of
Formula (1A) is Compound 90.

In certain embodiments, the compound of Formula (IA) is Compound 91. In certain
embodiments, the compound of Formula (1A) is Compound 92. In certain embodiments, the
compound of Formula (IA) is Compound 93. In certain embodiments, the compound of
Formula (1A) is Compound 94. In certain embodiments, the compound of Formula (IA) is
Compound 95. In certain embodiments, the compound of Formula (IA) is Compound 96. In
certain embodiments, the compound of Formula (IA) is Compound 97. In certain
embodiments, the compound of Formula (1A) is Compound 99. In certain embodiments, the
compound of Formula (1A) is Compound 100.

In certain embodiments, the compound of Formula (IA) is Compound 101. In
certain embodiments, the compound of Formula (I1A) is Compound 102. In certain

embodiments, the compound of Formula (1A) is Compound 103. In certain embodiments,
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the compound of Formula (1A) is Compound 105. In certain embodiments, the compound
of Formula (1A) is Compound 106. In certain embodiments, the compound of Formula (1A)
is Compound 107. In certain embodiments, the compound of Formula (1A) is Compound
108. In certain embodiments, the compound of Formula (IA) is Compound 109. In certain
embodiments, the compound of Formula (1A) is Compound 110.

In certain embodiments, the compound of Formula (IA) is Compound 111.1In
certain embodiments, the compound of Formula (IA) is Compound 112. In certain
embodiments, the compound of Formula (1A) is Compound 113.

In certain embodiments, the compound isnot Compound 1. In certain embodiments,
the compound isnot Compound 49. In certain embodiments, the compound is not
Compound 114.

LNP Compositions

The lipid compositions may be provided asLNP compositions. Lipid nanoparticles
may be, e.g., microspheres (including unilamellar and multilamellar vesicles, e.g.
"liposomes' —lamellar phase lipid bilayers that, in some embodiments are substantially
spherical, and, in more particular embodiments can comprise an agueous core, e.g.,
comprising a substantial portion of RNA molecules), adispersed phase in an emulsion,
micelles or an internal phase in a suspension.

The LNPs have a size of about 1to about 1,000 nm, about 10 to about 500 nm,
about 20 to about 500 nm, in a sub-embodiment about 50 to about 400 nm, in a sub-
embodiment about 50 to about 300 nm, in a sub-embodiment about 50 to about 200 nm, and
in a sub-embodiment about 50 to about 150 nm, and in another sub-embodiment about 60 to
about 120 nm. Preferably, the LNPs have a size from about 60 nm to about 100 nm. The
average sizes (diameters) of the fully formed LNP, may be measured by dynamic light
scattering on aMalvern Zetasizer. The LNP sample isdiluted in phosphate buffered saline
(PBS) so that the count rate is approximately 200 - 400 kcps. The data is presented asa
weighted average of the intensity measure.

Embodiments of the present disclosure provide lipid compositions described
according to the respective molar ratios of the component lipids in the composition. All
mol-% numbers are given as afraction of the lipid component of the lipid composition or,
more specifically, the LNP compositions. In certain embodiments, the mol-% of the

compound of Formula (IA), (1), (I1), or (I11) may be from about 30 mol-% to about 70 mol-
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%. In certain embodiments, the mol-% of the compound of Formula (1A), (1), (I1), or (1)
may be at least 30 mol-% , a least 40 mol-%, at least 50 mol-%, or at least 60 mol-%.

In certain embodiments, the mol-% of the neutral lipid may be from about 0 mol-%
to about 30 mol-%. In certain embodiments, the mol-% of the neutral lipid may befrom
about 0 mol-% to about 20 mol-%. In certain embodiments, the mol-% of the neutral lipid
may be about 10 mol-%. In certain embodiments, the mol-% of the neutral lipid may be
about 9 mol-%.

In certain embodiments, the mol-% of the helper lipid may be from about 0 mol-%
to about 80 mol-%. In certain embodiments, the mol-% of the helper lipid may be from
about 20 mol-% to about 60 mol-%. In certain embodiments, the mol-% of the helper lipid
may be from about 30 mol-% to about 50 mol-%. In certain embodiments, the mol-% of the
helper lipid may be from 30 mol-% to about 40 mol-% or from about 35% mol-% to about
45 mol-%. In certain embodiments, the mol-% of the helper lipid is adjusted based on
compound of Formula (1A), (1), (11), or (I11), neutra lipid, and/or PEG lipid concentrations
to bring the lipid component to 100 mol-%.

In certain embodiments, the mol-% of the PEG lipid may be from about 1 mol-% to
about 10 mol-%. In certain embodiments, the mol-% of the PEG lipid may be from about 1
mol-% to about 4 mol-%. In certain embodiments, the mol-% of the PEG lipid may be
about 1 mol-% to about 2 mol-%. In certain embodiments, the mol-% of the PEG lipid may
be about 1.5 mol-%.

In various embodiments, an LNP composition comprises a compound of Formula
(1A), (), (1), or (111) or a salt thereof (such as a pharmaceutically acceptable salt thereof
(e.g., asdisclosed herein)), aneutral lipid (e.g., DSPC), ahelper lipid (e.g., cholesteral), and
aPEG lipid (e.g., PEG2k-DMG). In some embodiments, an LNP composition comprises a
compound of Formula (1A), (1), (11), or (1) or a pharmaceutically acceptable salt thereof
(e.g., asdisclosed herein), DSPC, cholesterol, and aPEG lipid. In some such embodiments,
the LNP composition comprises aPPEG lipid comprising DMG, such as PEG2k-DMG. In
certain preferred embodiments, an LNP composition comprises a compound of Formula
(1A), (O, (1), or (1) or apharmaceutically acceptable salt thereof, cholesterol, DSPC, and
PEG2k-DMG.

In certain embodiments, the lipid compositions, such as LNP compositions,
comprise alipid component and anucleic acid component, e.g. an RNA component and the

molar ratio of compound of Formula (IA), (1), (11), or (I11) to nucleic acid can be measured.
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Embodiments of the present disclosure also provide lipid compositions having a defined
molar ratio between the positively charged amine groups of pharmaceutically acceptable
salts of the compounds of Formula (1A), (1), (11), or (111) (N) and the negatively charged
phosphate groups (P) of the nucleic acid to be encapsulated. This may be mathematically
represented by the equation N/P. In some embodiments, alipid composition, such asan
LNP composition, may comprise alipid component that comprises a compound of
Formula (1A), (1), (11), or (111) or apharmaceutically acceptable salt thereof; and anucleic
acid component, wherein the N/P ratio isabout 3to 10. In some embodiments, an LNP
composition may comprise alipid component that comprises a compound of Formula (1A),
(), (11, or (111) or apharmaceutically acceptable salt thereof; and an RNA component,
wherein the N/P ratio isabout 3to 10. For example, the N/P ratio may be about 4-7.
Alternatively, the N/P ratio may about 6, e.g., 6 +1, or 6+ 0.5.

In some embodiments, the agueous component comprises abiologicaly active
agent. In some embodiments, the aqueous component comprises a polypeptide, optionally
in combination with anucleic acid. In some embodiments, the agueous component
comprises anucleic acid, such asan RNA. In some embodiments, the aqueous component
isanucleic acid component. In some embodiments, the nucleic acid component comprises
DNA and it can be called aDNA component. In some embodiments, the nucleic acid
component comprises RNA and it can be called an RNA component. In some
embodiments, the aqueous component, such asan RNA component may comprise an
MRNA, such asan mRNA encoding an RNA-guided DNA binding agent. In some
embodiments, the RNA-guided DNA binding agent isa Cas nuclease. In certain
embodiments, aqueous component may comprise an MRNA that encodes Cas9. In certain
embodiments, the aqueous component may comprise agRNA. In some compositions
comprising an mMRNA encoding an RNA-guided DNA binding agent, the composition
further comprises agRNA nucleic acid, such asagRNA. In some embodiments, the
aqueous component comprises an RNA-guided DNA binding agent and agRNA. In some
embodiments, the agueous component comprises a Cas nuclease mRNA and agRNA. In
some embodiments, the aqueous component comprises a Class 2 Cas nuclease mRNA and a
gRNA.

In certain embodiments, alipid composition, such as an LNP composition, may
comprise an mMRNA encoding a Cas nuclease such as a Class 2 Cas nuclease, a compound

of Formula (1A), (1), (11), or (111) or apharmaceutically acceptable salt thereof, a helper
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lipid, optionally aneutral lipid, and aPPEG lipid. In certain compositions comprising an
MRNA encoding a Cas nuclease such asaClass 2 Cas nuclease, the helper lipid is
cholesterol. In other compositions comprising an mRNA encoding a Cas nuclease such asa
Class 2 Cas nuclease, the neutral lipid isDSPC. In additiona embodiments comprising an
MRNA encoding a Cas nuclease such asaClass 2 Cas nuclease, e.g. Cas9, the PEG lipid is
PEG2k-DMG. In specific compositions comprising an mRNA encoding a Cas nuclease
such asaClass 2 Cas nuclease, and acompound of Formula (IA), (1), (1), or (111) or a
pharmaceutically acceptable salt thereof. In certain compositions, the composition further
comprises agRNA, such asadgRNA or an sgRNA.

In some embodiments, alipid composition, such asan LNP composition, may
comprise agRNA. In certain embodiments, a composition may comprise a compound of
Formula (1A), (1), (11), or (111) or apharmaceuticaly acceptable salt thereof, agRNA, a
helper lipid, optionally aneutral lipid, and a PEG lipid. In certain LNP compositions
comprising agRNA, the helper lipid is cholesterol. In some compositions comprising a
gRNA, the neutral lipid isDSPC. In additional embodiments comprising agRNA, the PEG
lipid isPEG2k-DMG. In certain compositions, the gRNA is selected from dgRNA and
SgRNA.

In certain embodiments, alipid composition, such asan LNP composition,
comprises an MRNA encoding an RNA-guided DNA binding agent and agRNA, which
may be an sgRNA, in an aqueous component and a compound of Formula (1A), (1), (II), or
(111) in alipid component. For example, an LNP composition may comprise a compound of
Formula (1A), (1), (1), or (111) or apharmaceutically acceptable salt thereof, an mMRNA
encoding a Cas nuclease, agRNA, ahelper lipid, aneutral lipid, and aPEG lipid. In certain
compositions comprising an MRNA encoding a Cas nuclease and agRNA, the helper lipid
ischolesterol. In some compositions comprising an mMRNA encoding a Cas nuclease and a
gRNA, the neutral lipid isDSPC. In additional embodiments comprising an mRNA
encoding a Cas nuclease and agRNA, the PEG lipid is PEG2k-DMG.

In certain embodiments, the lipid compositions, such asLNP compositions include
an RNA-guided DNA binding agent, such asa Class 2 Cas mRNA and at least one gRNA.
In certain embodiments, the LNP composition includes aratio of gRNA to RNA-guided
DNA binding agent mRNA, such as Class 2 Cas nuclease mRNA of about 1:1 or about 1:2.

In some embodiments, the ratio isfrom about 25:1 to about 1:25, from about 10:1 to about

111



10

15

20

25

30

WO 2020/118041 PCT/US2019/064663

1:10, from about 8:1to about 1:8, from about 4:1 to about 1:4, or from about 2:1to about
1:2.

The lipid compositions disclosed herein, such asLNP compositions, may include a
template nucleic acid, e.g. aDNA template. The template nucleic acid may be delivered
with, or separately from the lipid compositions comprising a compound of Formula (1A),
(D, (11, or (111 or apharmaceutically acceptable salt thereof, including asLNP
compositions. In some embodiments, the template nucleic acid may be single- or double-
stranded, depending on the desired repair mechanism. The template may have regions of
homology to the target DNA, e.g. within the target DNA sequence, and/or to sequences
adjacent to the target DNA.

In some embodiments, LNPs are formed by mixing an aqueous RNA solution with
an organic solvent-based lipid solution. Suitable solutions or solvents include or may
contain: water, PBS, Tris buffer, NaCl, citrate buffer, acetate buffer, ethanol, chloroform,
diethylether, cyclohexane, tetrahydrofuran, methanol, isopropanol. For example, the
organic solvent may be 100% ethanol. A pharmaceutically acceptable buffer, e.g., for in
vivo administration of LNPs, may be used. In certain embodiments, abuffer isused to
maintain the pH of the composition comprising LNPs &t or above pH 6.5. In certain
embodiments, abuffer isused to maintain the pH of the composition comprising LNPs at or
above pH 7.0. In certain embodiments, the composition has a pH ranging from about 7.2 to
about 7.7. In additional embodiments, the composition has a pH ranging from about 7.3 to
about 7.7 or ranging from about 7.4 to about 7.6. In further embodiments, the composition
has apH of about 7.2, 7.3, 7.4, 7.5, 7.6, or 7.7. The pH of a composition may be measured
with amicro pH probe. In certain embodiments, a cryoprotectant isincluded in the
composition. Non-limiting examples of cryoprotectants include sucrose, trehalose, glycerol,
DMSO, and ethylene glycol. Exemplary compositions may include up to 10%
cryoprotectant, such as, for example, sucrose. In certain embodiments, the composition may
comprise tris saline sucrose(TSS). In certain embodiments, the LNP composition may
include about 1, 2, 3,4, 5, 6, 7, 8,9, or 10% cryoprotectant. In certain embodiments, the
LNP composition may include about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10% sucrose. In some
embodiments, the LNP composition may include abuffer. In some embodiments, the buffer
may comprise aphosphate buffer (PBS), a Tris buffer, acitrate buffer, and mixtures
thereof. In certain exemplary embodiments, the buffer comprises NaCl. In certain

embodiments, the buffer lacks NaCl. Exemplary amounts of NaCl may range from about 20
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mM to about 45 mM. Exemplary amounts of NaCl may range from about 40 mM to about
50 mM. In some embodiments, the amount of NaCl is about 45 mM. In some embodiments,
the buffer isa Tris buffer. Exemplary amounts of Tris may range from about 20 mM to
about 60 mM. Exemplary amounts of Tris may range from about 40 mM to about 60 mM.
In some embodiments, the amount of Trisisabout 50 mM. In some embodiments, the
buffer comprises NaCl and Tris. Certain exemplary embodiments of the LNP compositions
contain 5% sucrose and 45 mM NaCl in Tris buffer. In other exemplary embodiments,
compositions contain sucrose in an amount of about 5% w/v, about 45 mM NaCl, and about
50 mM Trisa pH 7.5. The salt, buffer, and cryoprotectant amounts may be varied such that
the osmolality of the overall composition ismaintained. For example, the final osmolality
may be maintained a less than 450 mOsm/L. In further embodiments, the osmolality is
between 350 and 250 mOsm/L. Certain embodiments have afinal osmolality of 300 +/- 20
mOsm/L or 310 +/- 40 mOsm/L.

In some embodiments, microfluidic mixing, T-mixing, or cross-mixing of the
agueous RNA solution and the lipid solution in an organic solvent isused. In certain
aspects, flow rates, junction size, junction geometry, junction shape, tube diameter,
solutions, and/or RNA and lipid concentrations may be varied. LNPs or LNP compositions
may be concentrated or purified, e.g., via dialysis, centrifugal filter, tangentia flow
filtration, or chromatography. The LNPs may be stored as a suspension, an emulsion, or a
lyophilized powder, for example. In some embodiments, an LNP composition is stored at 2-
8° C, in certain aspects, the LNP compositions are stored at room temperature. In additional
embodiments, an LNP composition is stored frozen, for example a -20° C or -80° C. In
other embodiments, an LNP composition is stored at atemperature ranging from about 0° C
to about -80° C. Frozen LNP compositions may be thawed before use, for example on ice,
a room temperature, or a 25° C.

The LNPs may be, e.g., microspheres (including unilamellar and multilamellar
vesicles, e.g., “liposomes’ —lamellar phase lipid bilayers that, in some embodiments, are
substantially spherical—and, in more particular embodiments, can comprise an aqueous
core, e.g., comprising a substantial portion of RNA molecules), a dispersed phase in an
emulsion, micelles, or an internal phase in a suspension.

Preferred lipid compositions, such as LNP compositions, are biodegradable, in that
they do not accumulate to cytotoxic levels in vivo a atherapeutically effective dose. In

some embodiments, the compositions do not cause an innate immune response that leads to
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substantial adverse effects at atherapeutic dose level. In some embodiments, the
compositions provided herein do not cause toxicity a atherapeutic dose level.

In some embodiments, the LNPs disclosed herein have a polydispersity index (PDI)
that may range from about 0.005 to about 0.75. In some embodiments, the LNP have aPDI
that may range from about 0.01 to about 0.5. In some embodiments, the LNP have aPDI
that may range from about zero to about 0.4. In some embodiments, the LNP have aPDI
that may range from about zero to about 0.35. In some embodiments, the LNP have aPDI
that may range from about zero to about 0.35. In some embodiments, the LNP PDI may
range from about zero to about 0.3. In some embodiments, the LNP have aPDI that may
range from about zero to about 0.25. In some embodiments, the LNP PDI may range from
about zero to about 0.2. In some embodiments, the LNP have aPDI that may be less than
about 0.08, 0.1, 0.15, 0.2, or 0.4.

The LNPs disclosed herein have asize (eg. Z-average diameter) of about 1to about
250 nm. In some embodiments, the LNPs have a size of about 10 to about 200 nm. In
further embodiments, the LNPs have a size of about 20 to about 150 nm. In some
embodiments, the LNPs have a size of about 50 to about 150 nm. In some embodiments,
the LNPs have a size of about 50 to about 100 nm. In some embodiments, the LNPs have a
size of about 50 to about 120 nm. In some embodiments, the LNPs have a size of about 60
to about 100 nm. In some embodiments, the LNPs have a size of about 75 to about 150 nm.
In some embodiments, the LNPs have a size of about 75 to about 120 nm. In some
embodiments, the LNPs have a size of about 75 to about 100 nm. Unless indicated
otherwise, al sizesreferred to herein are the average sizes (diameters) of the fully formed
nanoparticles, as measured by dynamic light scattering on aMalvern Zetasizer. The
nanoparticle sample isdiluted in phosphate buffered saline (PBS) so that the count rate is
approximately 200-400 kcps. The data is presented as aweighted-average of the intensity
measure (Z-average diameter).

In some embodiments, the LNPs are formed with an average encapsulation
efficiency ranging from about 50% to about 100%. In some embodiments, the LNPs are
formed with an average encapsulation efficiency ranging from about 50% to about 95%. In
some embodiments, the LNPs are formed with an average encapsulation efficiency ranging
from about 70% to about 90%. In some embodiments, the LNPs are formed with an average

encapsulation efficiency ranging from about 90% to about 100%. In some embodiments,
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the LNPs are formed with an average encapsulation efficiency ranging from about 75% to
about 95%.
Cargo

The cargo delivered via LNP composition may be abiologically active agent. In
certain embodiments, the cargo is or comprises one or more biologically active agent, such
asmMRNA, guide RNA, nucleic acid, expression vector, template nucleic acid, RNA-guided
DNA binding agent, antibody (e.g. , monoclonal, chimeric, humanized, nanobody, and
fragments thereof etc.), cholesterol, hormone, peptide, protein, chemotherapeutic and other
types of antineoplastic agent, low molecular weight drug, vitamin, co-factor, nucleoside,
nucleotide, oligonucleotide, enzymatic nucleic acid, antisense nucleic acid, triplex forming
oligonucleotide, antisense DNA or RNA composition, chimeric DNA:RNA composition,
allozyme, aptamer, ribozyme, decoys and analogs thereof, plasmid and other types of
vectors, and small nucleic acid molecule, RNAI agent, short interfering nucleic acid (SINA),
short interfering RNA (siRNA), double-stranded RNA (dsRNA), micro-RNA (miRNA),
short hairpin RNA (shRNA) and "self-replicating RNA" (encoding areplicase enzyme
activity and capable of directing its own replication or amplification in vivo) molecules,
peptide nucleic acid (PNA), alocked nucleic acid ribonucleotide (LNA), morpholino
nucleotide, threose nucleic acid (TNA), glycol nucleic acid (GNA), sisRNA (small
internally segmented interfering RNA), and iRNA (asymmetrical interfering RNA). The
above list of biologically active agentsisexemplary only, and isnot intended to be limiting.
Such compounds may be purified or partialy purified, and may be naturally occurring or
synthetic, and may be chemically modified.

The cargo delivered via LNP composition may be an RNA, such as an mRNA
molecule encoding aprotein of interest. For example, an mRNA for expressing aprotein
such as green fluorescent protein (GFP), an RNA-guided DNA binding agent, or a Cas
nuclease isincluded. LNP compositions that include a Cas nuclease mRNA, for example a
Class 2 Cas nuclease mMRNA that allows for expression in acell of aClass 2 Cas nuclease
such as a Cas9 or Cpfl protein are provided. Further, the cargo may contain one or more
guide RNAs or nucleic acids encoding guide RNAs. A template nucleic acid, e.g., for repair
or recombination, may aso beincluded inthe composition or atemplate nucleic acid may
be used in the methods described herein. In a sub-embodiment, the cargo comprises an

MRNA that encodes a Streptococcuspyogenes Cas9, optionally and an S. pyogenes grRNA.
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In afurther sub-embodiment, the cargo comprises an mRNA that encodes aNeisseria
meningitidis Cas9, optionally and an nme gRNA.

“mRNA” refers to a polynucleotide and comprises an open reading frame that can
betrandated into a polypeptide (i.e., can serve as a substrate for translation by aribosome
and amino-acylated tRNAs). mRNA can comprise a phosphate-sugar backbone including
ribose residues or analogs thereof, e.g., 2'-methoxy ribose residues. In some embodiments,
the sugars of an MRNA phosphate-sugar backbone consist essentially of ribose residues, 2’-
methoxy ribose residues, or a combination thereof. In general, mMRNAS do not contain a
substantial quantity of thymidine residues (e.g, O residues or fewer than 30, 20, 10, 5, 4, 3,
or 2 thymidine residues; or lessthan 10%, 9%, 8%, 7%, 6%, 5%, 4%, 4%, 3%, 2%, 1%,
0.5%, 0.2%, or 0.1% thymidine content). An mRNA can contain modified uridines a some
or all of itsuridine positions.

CRISPR/Cas Cargo

In certain embodiments, the disclosed compositions comprise an mRNA encoding
an RNA-guided DNA binding agent, such as a Cas nuclease. In particular embodiments, the
disclosed compositions comprise an mMRNA encoding a Class 2 Cas nuclease, such asS.
pyogenes Cas9.

Asused herein, an “RNA-guided DNA binding agent” means a polypeptide or
complex of polypeptides having RNA and DNA binding activity, or aDNA-binding
subunit of such a complex, wherein the DNA binding activity is sequence-specific and
depends on the sequence of the RNA. Exemplary RNA-guided DNA binding agents include
Cas cleavases/nickases and inactivated forms thereof (“dCas DNA binding agents’). “Cas
nuclease”, asused herein, encompasses Cas cleavases, Cas nickases, and dCas DNA
binding agents. Cas cleavases/nickases and dCas DNA binding agents include a Csm or
Cmr complex of atype Ill CRISPR system, the Cas10, Csml, or Cmr2 subunit thereof, a
Cascade complex of atype | CRISPR system, the Cas3 subunit thereof, and Class 2 Cas
nucleases. Asused herein, a“Class 2 Cas nuclease” is a single-chain polypeptide with
RNA-guided DNA binding activity. Class 2 Cas nucleases include Class 2 Cas
cleavases/nickases (e.g., H840A, D10A, or N863A variants), which further have RNA-
guided DNA cleavases or nickase activity, and Class 2 dCas DNA binding agents, in which
cleavase/nickase activity isinactivated. Class 2 Cas nucleases include, for example, Cas9,
Cpfl, C2cl, C2c2, C2c3, HF Cas9 (e.g., N497A, R661A, Q695A, Q926A variants),
HypaCas9 (e.g., N692A, M694A, Q695A, HE98A variants), eSPCas9(1.0) (e.g, K810A,
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K1003A, R1060A variants), and eSPCas9(l.l) (e.g., K848A, K1003A, R 1060A variants)
proteins and modifications thereof. Cpfl protein, Zetsche et d., Cell, 163: 1-13 (2015), is
homologous to Cas9, and contains a RuvC-like nuclease domain. Cpfl sequences of
Zetsche are incorporated by reference in their entirety. See, e.qg., Zetsche, Tables Sl and S3.
See, e.g., Makarova et al., Nat Rev Microbiol, 13(11): 722-36 (2015); Shmakov e a.,
Molecular Cell, 60:385-397 (2015).

Asused herein, “ribonucleoprotein” (RNP) or “RNP complex” refers to aguide
RNA together with an RNA-guided DNA binding agent, such as a Cas nuclease, e.g., a Cas
cleavase, Cas nickase, or dCas DNA binding agent (e.g., Cas9). In some embodiments, the
guide RNA guides the RNA-guided DNA binding agent such as Cas9 to atarget sequence,
and the guide RNA hybridizes with and the agent binds to the target sequence; in cases
where the agent isa cleavase or nickase, binding can befollowed by cleaving or nicking.

In some embodiments of the present disclosure, the cargo for the LNP composition
includes at least one guide RNA comprising guide sequences that direct an RNA-guided
DNA binding agent, which can be anuclease (e.g., a Cas nuclease such as Cas9), to atarget
DNA. The gRNA may guide the Cas nuclease or Class 2 Cas nuclease to atarget sequence
on atarget nucleic acid molecule. In some embodiments, agRNA binds with and provides
specificity of cleavage by a Class 2 Cas nuclease. In some embodiments, the gRNA and the
Cas nuclease may form aribonucleoprotein (RNP), e.g., a CRISPR/Cas complex such asa
CRISPR/Cas9 complex. In some embodiments, the CRISPR/Cas complex may be a Type-ll
CRISPR/Cas9 complex. In some embodiments, the CRISPR/Cas complex may be a Type-V
CRISPR/Cas complex, such as a Cpfl/guide RNA complex. Cas nucleases and cognate
gRNASs may be paired. The gRNA scaffold structures that pair with each Class 2 Cas
nuclease vary with the specific CRISPR/Cas system.

“Guide RNA”, “gRNA”, and simply “guide” are used herein interchangeably to
refer to a cognate guide nucleic acid for an RNA-guided DNA binding agent. A gRNA
may be either acrRNA (also known as CRISPR RNA), or the combination of a crRNA and
atrRNA (also known astracrRNA). Guide RNAs can include modified RNASs as described
herein. The crRNA and trRNA may be associated as a single RNA molecule (single guide
RNA, sgRNA) or intwo separate RNA molecules (dua guide RNA, dgRNA). “Guide
RNA” or “gRNA” refers to each type. The trRNA may be anaturally-occurring sequence,
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or atrRNA sequence with modifications or variations compared to naturally-occurring
sequences.

Asused herein, a*“guide sequence” refers to a sequence within aguide RNA that is
complementary to atarget sequence and functions to direct a guide RNA to atarget
sequence for binding or modification (e.g., cleavage) by an RNA-guided DNA binding
agent. A “guide sequence” may also be referred to as a“targeting sequence,” or a“spacer
sequence.” A guide sequence can be 20 base pairs in length, e.g., in the case of
Sreptococcuspyogenes (i.e., Spy Cas9) and related Cas9 homologs/orthologs. Shorter or
longer sequences can also beused asquides, e.g, 15-, 16-, 17-, 18-, 19-, 21-, 22-, 23-, 24-,
or 25-nucleotides in length. In some embodiments, the target sequence isin agene or on a
chromosome, for example, and is complementary to the guide sequence. In some
embodiments, the degree of complementarity or identity between aguide sequence and its
corresponding target sequence may be about or at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100%. In some embodiments, the guide sequence and the target region
may be 100% complementary or identical over aregion of at least 15, 16, 17, 18, 19, or 20
contiguous nucleotides. In other embodiments, the guide sequence and the target region
may contain at least one mismatch. For example, the guide sequence and the target
sequence may contain 1, 2, 3, or 4 mismatches, where the total length of the target sequence
isat least 17, 18, 19, 20 or more base pairs. In some embodiments, the guide sequence and
the target region may contain 1-4 mismatches where the guide sequence comprises at least
17, 18, 19, 20 or more nucleotides. In some embodiments, the guide sequence and the target
region may contain 1, 2, 3, or 4 mismatches where the guide sequence comprises 20
nucleotides.

Target sequences for RNA-guided DNA binding proteins such as Cas proteins
include both the positive and negative strands of genomic DNA (i.e., the sequence given
and the sequence’s reverse compliment), asanucleic acid substrate for a Cas protein isa
double stranded nucleic acid. Accordingly, where aguide sequenceis said to be
“complementary to atarget sequence’, it isto be understood that the guide sequence may
direct agRNA to bind to the reverse complement of atarget sequence. Thus, in some
embodiments, where the guide sequence binds the reverse complement of atarget sequence,

the guide sequence isidentical to certain nucleotides of the target sequence (e.g, the target
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sequence not including the PAM) except for the substitution of U for T in the guide
sequence.

The length of the targeting sequence may depend on the CRISPR/Cas system and
components used. For example, different Class 2 Cas nucleases from different bacterial
species have varying optimal targeting sequence lengths. Accordingly, the targeting
sequence may comprise 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, or more than 50 nucleotides in length. In some
embodiments, the targeting sequence length is0, 1, 2, 3, 4, or 5 nucleotides longer or
shorter than the guide sequence of a naturally-occurring CRISPR/Cas system. In certain
embodiments, the Cas nuclease and gRNA scaffold will be derived from the same
CRISPR/Cas system. In some embodiments, the targeting sequence may comprise or
consist of 18-24 nucleotides. In some embodiments, the targeting sequence may comprise
or consist of 19-21 nucleotides. In some embodiments, the targeting sequence may
comprise or consist of 20 nucleotides.

In some embodiments, the sgRNA isa*“Cas9 sgRNA” capable of mediating RNA-
guided DNA cleavage by a Cas9 protein. In some embodiments, the sgRNA isa*“Cpfl
sgRNA” capable of mediating RNA-guided DNA cleavage by a Cpfl protein. In certain
embodiments, the gRNA comprises a crRNA and tracr RNA sufficient for forming an
active complex with a Cas9 protein and mediating RNA-guided DNA cleavage. In certain
embodiments, the gRNA comprises a crRNA sufficient for forming an active complex with
a Cpfl protein and mediating RNA-guided DNA cleavage. See Zetsche 2015.

Certain embodiments of the disclosure also provide nucleic acids, e.g., expression
cassettes, encoding the gRNA described herein. A “guide RNA nucleic acid” isused herein
torefer to aguide RNA (e.g. an sgRNA or adgRNA) and aguide RNA expression cassette,
which isanucleic acid that encodes one or more guide RNAS.

Modified RNAs

In certain embodiments, the lipid compositions, such asLNP compositions comprise
modified nucleic acids, including modified RNAS.

Modified nucleosides or nucleotides can be present in an RNA, for example agRNA or
mMRNA. A gRNA or mRNA comprising one or more modified nucleosides or nucleotides,
for example, iscalled a“modified” RNA to describe the presence of one or more non-

naturaly and/or naturally occurring components or configurations that are used instead of
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or in addition to the canonical A, G, C, and U residues. In some embodiments, a modified
RNA is synthesized with anon-canonical nucleoside or nucleotide, here called “modified.”

Modified nucleosides and nucleotides can include one or more of: (i) alteration, e.g.,
replacement, of one or both of the non-linking phosphate oxygens and/or of one or more of
the linking phosphate oxygens in the phosphodiester backbone linkage (an exemplary
backbone modification); (ii) alteration, e.g., replacement, of a constituent of the ribose
sugar, e.g., of the 2' hydroxyl on the ribose sugar (an exemplary sugar modification); (iii)
wholesale replacement of the phosphate moiety with “dephospho” linkers (an exemplary
backbone modification); (iv) modification or replacement of anaturally occurring
nucleobase, including with anon-canonical nucleobase (an exemplary base modification);
(v) replacement or modification of the ribose-phosphate backbone (an exemplary backbone
modification); (vi) modification of the 3' end or 5' end of the oligonucleotide, e.g., removal,
modification or replacement of aterminal phosphate group or conjugation of a moiety, cap
or linker (such 3' or 5' cap modifications may comprise a sugar and/or backbone
modification); and (vii) modification or replacement of the sugar (an exemplary sugar
modification).

Certain embodiments comprise a modification to an mRNA, gRNA, or nucleic acid.
Certain embodiments comprise a5' end modification to an mMRNA, gRNA, or nucleic acid.
Certain embodiments comprise a 3' end modification to an mMRNA, gRNA, or nucleic acid.
A modified RNA can contain 5' end and 3' end modifications. A modified RNA can contain
one or more modified residues at non-terminal locations. In certain embodiments, agRNA
includes at least one modified residue. In certain embodiments, an MRNA includes at least
one modified residue.

Unmodified nucleic acids can be prone to degradation by, e.g., intracellular
nucleases or those found in serum. For example, nucleases can hydrolyze nucleic acid
phosphodiester bonds. Accordingly, in one aspect the RNAs (e.g. mMRNAS, gRNAS)
described herein can contain one or more modified nucleosides or nucleotides, e.g., to
introduce stability toward intracellular or serum-based nucleases. In some embodiments, the
modified gRNA molecules described herein can exhibit areduced innate immune response
when introduced into apopulation of cells, both in vivo and ex vivo. The term “innate

immune response” includes a cellular response to exogenous nucleic acids, including single
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stranded nucleic acids, which involves the induction of cytokine expression and release,
particularly the interferons, and cell death.

Accordingly, in some embodiments, the RNA or nucleic acid in the disclosed LNP
compositions comprises a least one modification which confers increased or enhanced
stability to the nucleic acid, including, for example, improved resistance to nuclease
digestion invivo. Asused herein, the terms “modification” and “modified” as such terms
relate to the nucleic acids provided herein, include at least one alteration which preferably
enhances stability and renders the RNA or nucleic acid more stable (e.g., resistant to
nuclease digestion) than the wild-type or naturally occurring version of the RNA or nucleic
acid. Asused herein, the terms “stable” and “ stability” as such terms relate to the nucleic
acids of the present disclosure, and particularly with respect to the RNA, refer to increased
or enhanced resistance to degradation by, for example nucleases (i.e., endonucleases or
exonucleases) which are normally capable of degrading such RNA. Increased stability can
include, for example, less sensitivity to hydrolysis or other destruction by endogenous
enzymes (e.g., endonucleases or exonucleases) or conditions within the target cell or tissue,
thereby increasing or enhancing the residence of such RNA or nucleic acid in the target
cell, tissue, subject and/or cytoplasm. The stabilized RNA or nucleic acid molecules
provided herein demonstrate longer half-lives relative to their naturally occurring,
unmodified counterparts (e.g. the wild-type version of the mRNA). Also contemplated by
the terms “modification” and “modified” as such terms related to the mRNA of the LNP
compositions disclosed herein are alterations which improve or enhance translation of
MRNA nucleic acids, including for example, the inclusion of sequences which function in
the initiation of protein trandation (e.g., the Kozak consensus sequence). (Kozak, M.,
Nucleic Acids Res 15 (20): 8125-48 (1987)).

In some embodiments, an RNA or nucleic acid of the LNP compositions disclosed
herein has undergone a chemical or biological modification to render it more stable.
Exemplary modifications to an RNA, such asan mRNA, include the depletion of abase
(e.g., by deletion or by the substitution of one nucleotide for another) or modification of a
base, for example, the chemical modification of abase. The phrase “chemical
modifications’ asused herein, includes modifications which introduce chemistries which
differ from those seen in naturally occurring RNA or nucleic acids, for example, covalent

modifications such asthe introduction of modified nucleotides, (e.g., nucleotide analogs, or

121



10

15

20

25

30

WO 2020/118041 PCT/US2019/064663

the inclusion of pendant groups which are not naturally found in such RNA or nucleic acid
molecules).

In some embodiments of a backbone modification, the phosphate group of a
modified residue can be modified by replacing one or more of the oxygens with a different
substituent. Further, the modified residue, e.g., modified residue present in a modified
nucleic acid, can include the wholesale replacement of an unmodified phosphate moiety
with amodified phosphate group as described herein. In some embodiments, the backbone
modification of the phosphate backbone can include alterations that result in either an
uncharged linker or acharged linker with unsymmetrical charge distribution.

Examples of modified phosphate groups include, phosphorothioate,
phosphoroselenates, borano phosphates, borano phosphate esters, hydrogen phosphonates,
phosphoroamidates, akyl or aryl phosphonates and phosphotriesters. The phosphorous
atom in an unmodified phosphate group isachiral. However, replacement of one of the non-
bridging oxygens with one of the above atoms or groups of atoms can render the
phosphorous atom chiral. The stereogenic phosphorous atom can possess either the “R”
configuration (herein Rp) or the “S’ configuration (herein Sp). The backbone can aso be
modified by replacement of abridging oxygen, (ze., the oxygen that links the phosphate to
the nucleoside), with nitrogen (bridged phosphoroamidates), sulfur (bridged
phosphorothioates) and carbon (bridged methylenephosphonates). The replacement can
occur at either linking oxygen or at both of the linking oxygens. The phosphate group can
be replaced by non-phosphorus containing connectors in certain backbone modifications. In
some embodiments, the charged phosphate group can be replaced by a neutral moiety.
Examples of moieties which can replace the phosphate group can include, without
limitation, e.g., methyl phosphonate, hydroxylamino, siloxane, carbonate, carboxymethyl,
carbamate, amide, thioether, ethylene oxide linker, sulfonate, sulfonamide, thioformacetal,
formacetal, oxime, methyleneimino, methylenemethylimino, methylenehydrazo,
methylenedimethylhydrazo and methyleneoxymethylimino.

MRNA

In some embodiments, acomposition or formulation disclosed herein comprises an
MRNA comprising an open reading frame (ORF) encoding an RNA-guided DNA binding
agent, such asaCas nuclease, or Class 2 Cas nuclease as described herein. In some
embodiments, an mMRNA comprising an ORF encoding an RNA-guided DNA binding

agent, such asa Cas nuclease or Class 2 Cas nuclease, isprovided, used, or administered.
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An mRNA may comprise one or more of a5' cap, a5' untrandlated region (UTR), a3'
UTRs, and a polyadenine tail. The mRNA may comprise amodified open reading frame,
for example to encode a nuclear localization sequence or to use aternate codons to encode
the protein.

The mRNA in the disclosed LNP compositions may encode, for example, a secreted
hormone, enzyme, receptor, polypeptide, peptide or other protein of interest that isnormally
secreted. In one embodiment, the mRNA may optionally have chemical or biological
modifications which, for example, improve the stability and/or half-life of such mRNA or
which improve or otherwise facilitate protein production.

In addition, suitable modifications include alterations in one or more nucleotides of
acodon such that the codon encodes the same amino acid but ismore stable than the codon
found in the wild-type version of the mRNA. For example, an inverse relationship between
the stability of RNA and a higher number cytidines (C's) and/or uridines (U's) residues has
been demonstrated, and RNA devoid of C and U residues have been found to be stable to
most RNases (Heidenreich, et a. JBiol Chem 269, 2131-8 (1994)). In some embodiments,
the number of C and/or U residues in an mRNA sequence isreduced. In another
embodiment, the number of C and/or U residues isreduced by substitution of one codon
encoding aparticular amino acid for another codon encoding the same or arelated amino
acid. Contemplated modifications to the mRNA nucleic acids also include the incorporation
of pseudouridines. The incorporation of pseudouridines into the mRNA nucleic may
enhance stability and trandational capacity, aswell as diminishing immunogenicity in vivo.
See, e.g., Kariko, K., et a., Molecular Therapy 16 (11): 1833-1840 (2008). Substitutions
and modifications to the mRNA may be performed by methods readily known to one or
ordinary skill inthe art.

The constraints on reducing the number of C and U residues in a sequence will
likely be greater within the coding region of an mRNA, compared to an untranslated region,
(i.e., it will likely not be possible to eliminate al of the C and U residues present in the
message while still retaining the ability of the message to encode the desired amino acid
sequence). The degeneracy of the genetic code, however presents an opportunity to allow

the number of C and/or U residues that are present in the sequence to be reduced, while
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maintaining the same coding capacity (i.e., depending on which amino acid is encoded by a
codon, several different possibilities for modification of RNA sequences may be possible).
The term modification also includes, for example, the incorporation of non-
nucleotide linkages or modified nucleotides into the mRNA sequences (e.g., modifications

to one or both the 3' and 5' ends of an MRNA molecule encoding afunctional secreted
protein or enzyme). Such modifications include the addition of bases to an mRNA sequence
(e.g., theinclusion of apoly A tail or alonger poly A tail), the alteration of the 3' UTR or
the 5' UTR, complexing the mRNA with an agent (e.g., aprotein or a complementary
nucleic acid molecule), and inclusion of elements which change the structure of an mRNA
molecule (e.g., which form secondary structures).

The poly A tail isthought to stabilize natural messengers. Therefore, in one
embodiment along poly A tail can be added to an mRNA molecule thus rendering the
mRNA more stable. Poly A tails can be added using avariety of art-recognized techniques.
For example, long poly A tails can be added to synthetic or in vitro transcribed mRNA
using poly A polymerase (Yokoe, et a. Nature Biotechnology. 1996; 14: 1252-1256). A
transcription vector can also encode long poly A tails. In addition, poly A tails can be added
by transcription directly from PCR products. In one embodiment, the length of the poly A
tail isat least about 90, 200, 300, 400 at least 500 nucleotides. In one embodiment, the
length of the poly A tail isadjusted to control the stability of amodified mMRNA molecule
and, thus, the transcription of protein. For example, since the length of the poly A tail can
influence the half-life of an mMRNA molecule, the length of the poly A tail can be adjusted
to modify the level of resistance of the mRNA to nucleases and thereby control the time
course of protein expression in acell. In one embodiment, the stabilized mMRNA molecules
are sufficiently resistant to in vivo degradation (e.g., by nucleases), such that they may be
delivered to the target cell without atransfer vehicle.

In one embodiment, an MRNA can be modified by the incorporation 3' and/or 5'
untranslated (UTR) sequences which are not naturally found in the wild-type mRNA. In
one embodiment, 3' and/or 5' flanking sequence which naturally flanks an mRNA and
encodes a second, unrelated protein can beincorporated into the nucleotide sequence of an
MRNA molecule encoding atherapeutic or functional protein in order to modify it. For
example, 3' or 5' sequences from mMRNA molecules which are stable (e.g., globin, actin,

GAPDH, tubulin, histone, or citric acid cycle enzymes) can be incorporated into the 3'
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and/or 5' region of a sense mMRNA nucleic acid molecule to increase the stability of the
sense MRNA molecule. See, e.g., US2003/0083272.

More detailed descriptions of the mRNA modifications can befound in
US2017/0210698A1, a pages 57-68, which content isincorporated herein.

Template Nucleic Acid

The compositions and methods disclosed herein may include atemplate nucleic
acid. The template may be used to alter or insert anucleic acid sequence at or near atarget
site for an RNA-guided DNA binding protein such as a Cas nuclease, e.g., aClass 2 Cas
nuclease. In some embodiments, the methods comprise introducing atemplate to the cell. In
some embodiments, a single template may be provided. In other embodiments, two or more
templates may be provided such that editing may occur a two or more target sites. For
example, different templates may be provided to edit asingle gene in acell, or two different
genesin acell.

In some embodiments, the template may be used in homologous recombination. In
some embodiments, the homologous recombination may result in the integration of the
template sequence or aportion of the template sequence into the target nucleic acid
molecule. In other embodiments, the template may be used in homology-directed repair,
which involves DNA strand invasion at the site of the cleavage in the nucleic acid. In some
embodiments, the homology-directed repair may result in including the template sequence
in the edited target nucleic acid molecule. Inyet other embodiments, the template may be
used in gene editing mediated by non-homologous endjoining. In some embodiments, the
template sequence has no similarity to the nucleic acid sequence near the cleavage site. In
some embodiments, the template or aportion of the template sequence isincorporated. In
some embodiments, the template includes flanking inverted terminal repeat (ITR)
sequences.

In some embodiments, the template sequence may correspond to, comprise, or
consist of an endogenous sequence of atarget cell. It may also or alternatively correspond
to, comprise, or consist of an exogenous sequence of atarget cell. Asused herein, the term
“endogenous sequence” refers to a sequence that is native to the cell. The term “exogenous
sequence” refers to a sequence that isnot native to a cell, or a sequence whose native
location in the genome of the cell isin adifferent location. In some embodiments, the

endogenous sequence may be a genomic sequence of the cell. In some embodiments, the
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endogenous sequence may be achromosomal or extrachromosomal sequence. In some
embodiments, the endogenous sequence may be a plasmid sequence of the cell.

In some embodiments, the template contains sSSDNA or dsDNA containing flanking
invert-terminal repeat (ITR) sequences. In some embodiments, the template isprovided as a
vector, plasmid, minicircle, nanocircle, or PCR product.

In some embodiments, the nucleic acid is purified. In some embodiments, the nucleic acid
ispurified using aprecipitation method (e.g., LiCl precipitation, alcohol precipitation, or an
equivalent method, e.g., as described herein). In some embodiments, the nucleic acid is
purified using a chromatography-based method, such as an HPLC-based method or an
equivalent method (e.g, as described herein). In some embodiments, the nucleic acid is
purified using both a precipitation method (e.g, LiCl precipitation) and an HPL C-based
method. In some embodiments, the nucleic acid is purified by tangential flow filtration
(TFF).

The compounds or compositions will generally, but not necessarily, include one or
more pharmaceutically acceptable excipients. The term "excipient” includes any ingredient
other than the compound(s) of the disclosure, the other lipid component(s) and the
biologically active agent. An excipient may impart either afunctional (e.g. drug release rate
controlling) and/or anon-functiona (e.g. processing aid or diluent) characteristic tothe
compositions. The choice of excipient will to alarge extent depend on factors such asthe
particular mode of administration, the effect of the excipient on solubility and stability, and
the nature of the dosage form.

Parenteral formulations are typically aqueous or oily solutions or suspensions.
Where the formulation is agueous, excipients such as sugars (including but not restricted to
glucose, mannitol, sorbitol, etc.) salts, carbohydrates and buffering agents (preferably to a
pH of 3t0 9), but, for some applications, they may be more suitably formulated with a
sterile non-agueous solution or as a dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water (WFI).

While the inventions are described in conjunction with the illustrated embodiments,
it isunderstood that they are not intended to limit the inventions to those embodiments. On

the contrary, the inventions are intended to cover all alternatives, modifications, and
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equivalents, including equivalents of specific features, which may be included within the
inventions as defined by the appended claims.

Both the foregoing general description and detailed description, aswell asthe
following examples, are exemplary and explanatory only and are not restrictive of the
teachings. The section headings used herein are for organizational purposes only and are
not to be construed aslimiting the desired subject matter in any way. Inthe event that any
literature incorporated by reference contradicts any term defined in this specification, this
specification controls. All ranges given in the application encompass the endpoints unless
stated otherwise.

Definitions

It should be noted that, asused in this application, the singular form “a’, “an” and
“the” include plural references unless the context clearly dictates otherwise. Thus, for
example, reference to “acomposition” includes aplurality of compositions and reference to
“acell” includes aplurality of cells and the like. The use of "or" isinclusive and means
"and/or" unless stated otherwise.

Unless specifically noted in the above specification, embodiments in the
specification that recite “comprising” various components are also contemplated as
“consisting of’ or “consisting essentially of’ the recited components; embodiments in the
specification that recite “consisting of’ various components are also contemplated as
“comprising” or “consisting essentialy of’ the recited components; embodiments in the
specification that recite “about” various components are also contemplated as“at” the
recited components; and embodiments in the specification that recite “consisting essentially
of’ various components are also contemplated as*“consisting of’ or “comprising” the
recited components (this interchangeability does not apply to the use of these terms in the
clams).

Numeric ranges are inclusive of the numbers defining the range. Measured and
measureable values are understood to be approximate, taking into account significant digits
and the error associated with the measurement. Asused in this application, the terms
“about” and “approximately” have their art-understood meanings,; use of one vsthe other
does not necessarily imply different scope. Unless otherwise indicated, numerals used in
this application, with or without a modifying term such as*about” or “approximately”,
should be understood to encompass normal divergence and/or fluctuations aswould be

appreciated by one of ordinary skill inthe relevant art. In certain embodiments, the term
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“approximately” or “about” refersto arange of values that fall within 25%, 20%, 19%,
18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, or lessin either direction (greater than or less than) of a stated reference value unless
otherwise stated or otherwise evident from the context (except where such number would
exceed 100% of apossible value).

Asused herein, the term “contacting” means establishing aphysical connection between
two or more entities. For example, contacting a mammalian cell with a nanoparticle
composition means that the mammalian cell and a nanoparticle are made to share a physical
connection. Methods of contacting cells with external entities both in vivo and ex vivo are
well known in the biological arts. For example, contacting a nanoparticle composition and a
mammalian cell disposed within amammal may be performed by varied routes of
administration (e.g., intravenous, intramuscular, intradermal, and subcutaneous) and may
involve varied amounts of nanoparticle compositions. Moreover, more than one mammalian
cell may be contacted by ananoparticle composition.

Asused herein, the term “delivering” means providing an entity to a destination. For
example, delivering atherapeutic and/or prophylactic to a subject may involve
administering a nanoparticle composition including the therapeutic and/or prophylactic to
the subject (e.g., by an intravenous, intramuscular, intradermal, or subcutaneous route).
Administration of ananoparticle composition to amammal or mammalian cell may involve
contacting one or more cells with the nanoparticle composition.

Asused herein, “encapsulation efficiency” refers to the amount of atherapeutic
and/or prophylactic that becomes part of a nanoparticle composition, relative to the initial
total amount of therapeutic and/or prophylactic used in the preparation of a nanoparticle
composition. For example, if 97 mg of therapeutic and/or prophylactic are encapsulated in a
nanoparticle composition out of atotal 100 mg of therapeutic and/or prophylactic initially
provided to the composition, the encapsulation efficiency may be given as 97%. Asused
herein, “encapsulation” may refer to complete, substantial, or partial enclosure,
confinement, surrounding, or encasement.

Asused herein, the term “biodegradable’ isused to refer to materials that, when
introduced into cells, are broken down by cellular machinery (e.g., enzymatic degradation)
or by hydrolysis into components that cells can either reuse or dispose of without
significant toxic effect(s) on the cells. In certain embodiments, components generated by

breakdown of abiodegradable material do not induce inflammation and/or other adverse
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effects in vivo. In some embodiments, biodegradable materials are enzymatically broken
down. Alternatively or additionally, in some embodiments, biodegradable materials are
broken down by hydrolysis.

Asused herein, the “N/P ratio” isthe molar ratio of ionizable (in the physiological
pH range) nitrogen atoms in alipid (e.g. Compound of Formula I) to phosphate groups in
an RNA, e.g., in ananoparticle composition including alipid component and an RNA.

Compositions may also include salts of one or more compounds. Salts may be
pharmaceutically acceptable salts. Asused herein, “pharmaceutically acceptable salts’
refers to derivatives of the disclosed compounds wherein the parent compound is altered by
converting an existing acid or base moiety to its salt form (e.g., by reacting afree base
group with a suitable organic acid). Examples of pharmaceutically acceptable salts include,
but are not limited to, mineral or organic acid salts of basic residues such as amines; alkali
or organic salts of acidic residues such as carboxylic acids; and the like. Representative acid
addition salts include acetate, adipate, alginate, ascorbate, aspartate, benzenesulfonate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecyl sulfate, ethanesulfonate, fumarate,
glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate, hydrobromide,
hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate,
toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or akaline
earth metal salts include sodium, lithium, potassium, calcium, magnesium, and the like, as
well asnontoxic ammonium, quaternary ammonium, and amine cations, including, but not
limited to ammonium, tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. The
pharmaceutically acceptable sats of the present disclosure include the conventional non-
toxic sats of the parent compound formed, for example, from non-toxic inorganic or
organic acids. The pharmaceutically acceptable salts of the present disclosure can be
synthesized from the parent compound which contains abasic or acidic moiety by
conventional chemical methods. Generally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stoichiometric amount of the appropriate

base or acid in water or in an organic solvent, or in amixture of the two; generally,
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nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are
preferred. Lists of suitable salts are found in Remington's Pharmaceutical Sciences, 171" ed.,
Mack Publishing Company, Easton, Pa., 1985, p. 1418, Pharmaceutical Salts. Properties,
Selection, and Use, P. H. Stahl and C. G. Wermuth (eds.), Wiley-VCH, 2008, and Berge et
al., Journal of Pharmaceutical Science, 66, 1-19 (1977), each of which isincorporated
herein by reference in its entirety.

Asused herein, the “polydispersity index” isaratio that describes the homogeneity
of the particle size distribution of a system. A small value, e.g., less than 0.3, indicates a
narrow particle size distribution. In some embodiments, the polydispersity index may be
less than 0.1.

Asused herein, “transfection” refers to the introduction of a species (e.g., an RNA)
into acell. Transfection may occur, for example, in vitro, ex vivo, or in vivo.

Theterm "alkyl" asused herein isabranched or unbranched saturated hydrocarbon
group of 1to 24 carbon atoms, such asmethyl, ethyl, «-propyl, isopropyl, «-butyl, isobutyl,
5-butyl, /-butyl, «-pentyl, isopentyl, 5-pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl,
dodecyl, tetradecyl, hexadecyl, eicosyl, tetracosyl, and the like. The alkyl group can be
cyclic or acyclic. The alkyl group can be branched or unbranched (i.e., linear). The alkyl
group can also be substituted or unsubstituted (preferably unsubstituted). For example, the
alkyl group can be substituted with one or more groups including, but not limited to, alkyl,
cycloalkyl, alkoxy, amino, ether, halide, hydroxy, nitro, silyl, sulfoxo, sulfonate,
carboxylate, or thiol, as described herein. A "lower alkyl" group isan akyl group
containing from one to six (e.g., from one to four) carbon atoms.

The term “alkenyl”, asused herein, refers to an aliphatic group containing at least
one carbon-carbon double bond and isintended to include both "unsubstituted akenyls'
and "substituted alkenyls', the latter of which refers to alkenyl moieties having substituents
replacing ahydrogen on one or more carbons of the alkenyl group. Such substituents may
occur on one or more carbons that are included or not included in one or more double
bonds. Moreover, such substituents include all those contemplated for alkyl groups, as
discussed below, except where stability isprohibitive. For example, an alkenyl group may
be substituted by one or more akyl, carbocyclyl, aryl, heterocyclyl, or heteroaryl groupsis
contemplated. Exemplary alkenyl groups include, but are not limited to, vinyl (-CFUCFh),
alyl (-CH2CFUCH2), cyclopentenyl (-C5H7), and 5-hexenyl (-CH2CH2CH2CH2CFUCH?2).
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An “adkylene” group refers to adivalent akyl radical, which may be branched or
unbranched (i.e., linear). Any of the above mentioned monovalent alkyl groups may be
converted to an alkylene by abstraction of a second hydrogen atom from the alkyl.
Representative alkylenes include c2-4 akylene and c2-3 alkylene. Typical alkylene groups
include, but are not limited to -CH(CH3)-, -C(CH3)2-, -CH2CH2-, -CH2CH(CH3)-, -
CH,C(CH3)2-, -CH2CH2CHZ2-, -CH2CH2CH2CH2-, and the like. The akylene group can aso
be substituted or unsubstituted. For example, the akylene group can be substituted with one
or more groups including, but not limited to, alkyl, aryl, heteroaryl, cycloakyl, akoxy,
amino, ether, halide, hydroxy, nitro, silyl, sulfoxo, sulfonate, sulfonamide, urea, amide,
carbamate, ester, carboxylate, or thiol, asdescribed herein.

The term “akenylene” includes divalent, straight or branched, unsaturated, acyclic
hydrocarbyl groups having at least one carbon-carbon double bond and, in one
embodiment, no carbon-carbon triple bonds. Any of the above-mentioned monovalent
alkenyl groups may be converted to an alkenylene by abstraction of a second hydrogen
atom from the alkenyl. Representative alkenylenes include C2-galkenylenes.

The term “Cx-y” when used in conjunction with achemical moiety, such asalkyl or
alkylene, ismeant toinclude groups that contain from x toy carbons inthe chain. For
example, the term “Cx-y alkyl” refers to substituted or unsubstituted saturated hydrocarbon
groups, including straight-chain and branched-chain  akyl and alkylene groups that contain

from x toy carbons in the chain.

I ncor poration by Reference

The contents of the articles, patents, and patent applications, and al other
documents and electronically available information mentioned or cited herein, are hereby
incorporated by reference in their entirety to the same extent asif each individua
publication was specificaly and individually indicated to be incorporated by reference.
Applicant reserves the right to physically incorporate into this application any and all
materials and information from any such articles, patents, patent applications, or other

physical and electronic documents.

Examples

General Information

All reagents and solvents were purchased and used asreceived from commercial

vendors or synthesized according to cited procedures. All intermediates and final
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compounds were purified using flash column chromatography on silicagel. NMR spectra
were recorded on aBruker or Varian 400 MHz spectrometer, and NMR data were collected
in CDCl; a ambient temperature. Chemical shifts are reported in parts per million (ppm)
relative to CDCh (7.26). Datafor '"H NMR are reported asfollows. chemical shift,
multiplicity (br = broad, s= singlet, d = doublet, t = triplet, dd = doublet of doublets, dt =
doublet of triplets, g = quartet, m = multiplet, ddd = doublet of doublet of doublets, td =
triplet of doublets, tt =triplet of triplets, tdd = triplet of doublet of doublets, dddd = doublet
of doublet of doublet of doublets), coupling constant, and integration. M S data were
recorded on aWaters SQD2 mass spectrometer with an electrospray ionization (ESI)
source. Purity of the final compounds was determined by UPLC-MS-ELS using a Waters
Acquity H-Class liquid chromatography instrument equipped with SQD2 mass
spectrometer with photodiode array (PDA) and evaporative light scattering (ELS) detectors.

The pKa of each amine lipid was determined according to the method in Jayaraman,
et a. (Angewandte Chemie, 2012) with the following adaptations. The pKa was determined
for unformulated amine lipid in ethanol. Lipid stock solutions (2.94 mM) were diluted into
Sodium Phosphate Buffers (0.1 M, Boston Bioproducts) of different pH (pH-range: 4.5-9.0)
yielding afinal lipid concentration of approx. 100 uM . The test samples were supplemented
with TNS (6-(p-Toluidino)-2-naphthalenesulfonic acid sodium salt}, incubated and the
fluorescence intensity was measured using excitation and emission wavelengths of 321 nm
and 448 nm, respectively. The recorded data were normalized and the respective pKa

values were derived from sigmoidal fitting.

Table 1. Compounds

Compound Structure
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Example 1- Comparative Compound 1

Intermediate la: 4-oxohexadecanoic acid

0]

)
OH

A solution of succinic anhydride (3.0 g, 1.0 equiv) in THF (0.1 M) was cooled to -
78 °C, followed by the addition of dodecyl magnesium bromide (1.0 M solution in hexanes,
0.5 equiv) dropwise over 5 min. The reaction was maintained at -78 °C for at least 18 h
before being quenched by the addition of water and 1M HC1. The reaction mixture was
concentrated in vacuo, and the resulting agueous layer was extracted 3x with DCM. The
combined DCM layers were then extracted 2x with 2 M NaOH, and the combined agueous
layers were acidified to pH = 1using concentrated HC1. The mixture was then extracted 3x
with DCM. The combined DCM layers were dried over Na2SC>4, filtered, and concentrated
in vacuo to afford crude material. The crude material was triturated 3x with hexanes, and

the resulting precipitate was filtered to afford product as awhite solid (1.31 g, 33%). 'H
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NMR (400 MHz, CDCb) & 2.72 (ddd, J= 7.0, 5.8, 1.1 Hz, 2H), 2.67 - 2.60 (m, 2H), 2.44
(t, J= 7.5 Hz, 2H), 159 (q, J= 7.4 Hz, 2H), 1.26 (d, J= 2.7 Hz, 18H), 0.91 - 0.85 (m, 3H).
Intermediate |b: 2-oxopropane-,3-diyl (92,9'Z,127,12'7)-bis(octadeca-9,12-

dienoate)

To asolution of dihydroxyacetone (1.55 g, 1.0 equiv) in DCM (0.1 M) was added
linoleic acid (2.05 equiv), DMAP (0.2 equiv), DIPEA (2.4 equiv), and EDCI (2.4 equiv).
The reaction was stirred at room temperature for at least 18 h. Upon completion, the
mixture was quenched by the addition of water, and the organic layer was washed |x with 1
10 M HC1 and | x with 5% NaHCCb. The organic layer was then dried over NaiSCri, filtered,
and concentrated in vacuo. Crude material was purified by column chromatography
(EtOAc/hexanes) to product asa colorless ail (8.0 g, 75%). ‘H NMR (400 MHz, CDCb) &
5.44 - 528 (m, 8H), 4.75 (s, 4H), 2.82 - 2.74 (m, 4H), 2.42 (t, J= 7.5 Hz, 4H), 2.05 (q, J =
6.7 Hz, 8H), 1.67 (q, J= 7.4 Hz, 4H), 1.40 - 1.24 (m, 28H), 0.95 - 0.86 (m, 6H).
15 Intermediate |c: 2-hydroxy-3-[(9Z,12Z)-octadeca-9,12-dienoyloxy]propyl
(92, 127)-octadeca-9, 12-dienoate
(0]

HO\COJ\/\/\/\/W
o
OW/ZVZ\M
A solution of Intermediate |b (8.1 g, 1.0 equiv) in 4:2:1 THF/water/toluene (0.05-
0.1 M) was cooled to 0-5°C, followed by the addition of NaBHi (1.7 equiv). The reaction
20  was stirred for at least 1 h at 0-25 °C. Upon completion, the mixture was quenched by the
addition of water and EtOAc, and the mixture was extracted 3x with EtOAc. The combined
organic layers were dried over Na2S04, filtered, and concentrated in vacuo. Crude material
was purified by column chromatography (EtOAc/hexanes) to afford product as a colorless
oil (5.9 g, 73%). % NMR (400 MHz, CDCb) & 5.46 - 5.26 (m, 8H), 4.23 - 4.10 (m, 4H),
25 281 - 273 (m, 4H), 2.42 (d, J= 4.8 Hz, 1H), 2.38 - 2.31 (m, 4H), 2.05 (q, J= 6.7 Hz, 8H),
1.68 - 1.57 (m, 4H), 1.42- 1.23 (m, 29H), 0.93 - 0.85 (m, 6H).
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Intermediate 1d: 2-((4-oxohexadecanoyl)oxy)propane-l,3-diyl (92,92,1272,12'2)-
bis(octadeca-9, 12-dienoate)

0
0 0
0 J\/\/\/\/W
T
0

To asolution of Intermediate |c¢ (1.0 equiv) in DCM (0.2 M) was added

5 Intermediate |a (1.0-1.2 equiv), Et3N or DIPEA (1.5-4.5 equiv), DMAP (0. 1-0.2 equiv),
and EDCI (1-2 equiv). The reaction was stirred at room temperature for at least 12 h before
being quenched by the addition of water. The mixture was washed [x with 1M HC1 and |x
with 5% NaHCCb. The organic layer was then dried over Na2SC>4, filtered, and
concentrated in vacuo. Crude material was purified by column chromatography

10  (EtOAc/hexanes) to afford product asa colorless oil (780 mg, 79%). '"H NMR (400 MHz,
CDCb) 85.45 - 5.28 (m, 8H), 5.24 (tt, J= 5.9, 4.3 Hz, 1H), 4.29 (dd, J= 11.9, 4.3 Hz, 2H),
4.15 (dd, J= 11.9, 5.8 Hz, 2H), 2.84 - 2.74 (m, 4H), 2.71 (t, J= 6.8 Hz, 2H), 2.59 (t, J= 6.3
Hz, 2H), 2.43 (t, J= 7.5 Hz, 2H), 2.32 (t, J= 7.6 Hz, 4H), 2.05 (g, J = 6.8 Hz, 8H), 1.60 (dd,
J= 147, 7.3 Hz, 6H), 1.44 - 1.20 (m, 49H), 0.88 (td, J= 6.9, 4.3 Hz, 9H).

15 Intermediate le: 2-((4-oxohexadecanoyl)oxy)propane-1,3-diyl (92,92,1272,12'2)-
bis(octadeca-9, 12-dienoate)

RO
OJ\O

A solution of Intermediate 1d (1.43 g, 1.0 equiv) in 4:2:1 THF/water/toluene (0.05-

0.1 M) was cooled to 0-5 °C, followed by the addition of NaBHi (5.0 equiv). The reaction
20  was maintained at 0-25 °C for at least 2 h. The reaction was then diluted with water and
EtO Ac, and the resulting biphasic mixture was extracted 3x with EtO Ac. The combined
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organic layers were dried over Na2SC>4, filtered, and concentrated in vacuo. Crude material
was purified by column chromatography (EtO Ac/hexanes) to afford an intermediate alcohol
asacolorless ail.

The resulting alcohol was immediately resolubilized in DCM (0.1 M), followed by
the addition of pyridine (2-3 equiv) and 4-nitrophenyl chloroformate (1-1.5 equiv). The
reaction was stirred for at least 1h at room temperature. The mixture was quenched by the
addition of water and extracted 3x with DCM. The combined DCM layers were dried over
Na2SC>4, filtered, and concentrated in vacuo. Crude material was purified by column
chromatography (EtO Ac/hexanes) to afford product asa colorless oil (910 mg, 54%). ¥
NMR (400 MHz, CDCb) 837 - 8.25 (m, 2H), 7.48 - 7.40 (m, 2H), 5.49 - 5.25 (m, 9H),
4.96 - 4.84 (m, 1H), 4.34 (dd, J= 12.0, 4.3 Hz, 2H), 4.18 (dd, J= 11.9, 5.7 Hz, 2H), 2.79 (t,
J= 6.4 Hz, 4H), 2.49 (dd, J= 8.4, 6.7 Hz, 2H), 2.33 (tt, J= 7.6, 4.2 Hz, 4H), 2.16 - 1.95 (m,
10H), 1.81 - 1.71 (m, 1H), 1.65 (ddg, J= 15.2, 7.5, 4.8, 4.2 Hz, 6H), 1.50 - 1.13 (m, 50H),
0.90 (td, J= 6.8, 3.7 Hz, 9H).

Compound 1: 2-((4-(((3-
(dimethylamino)propoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-hi s(octadeca-9, 12-dienoate)

(o]
NN NP
|
o (0]
o\(\o)j\/\/\/\/w
(0]

To asolution of Intermediate 1e (250 mg, 1.0 equiv) in MeCN (0.1 M) was added
pyridine (3.0 equiv), 3-(dimethylamino)propan-I-ol (1.5-3.0 equiv), and DMAP (1.0
equiv). The reaction was stirred for at least 2 hours at room temperature. Heptane (0.1 M)
was then added to the reaction mixture, and the heptane layer was washed 3x with MeCN.
The combined MeCN layers were back-extracted three times with heptane, and the
combined heptane layers were washed one final time with MeCN. Heptane was then
removed in vacuo, and crude material was purified by column chromatography
(MeOH/DCM) to afford product as a colorless oil (100 mg, 41%). 'H NMR (400 MHz,
CDCb) &5.46 - 5.22 (m, 9H), 4.72 (tdd, J= 7.5, 5.3, 4.0 Hz, 1H), 4.29 (dd, J= 12.0, 4.4
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Hz, 2H), 4.23 - 4.10 (m, 4H), 2.84 - 2.73 (m, 4H), 2.62 - 2.27 (m, 13H), 2.05 (q, J= 6.9
Hz, 8H), 2.01 - 1.84 (m, 4H), 1.68 - 150 (m, 7H), 1.43 - 1.21 (m, 50H), 0.88 (td, J = 6.9,
4.1 Hz, 9H). MS: 1001.2 m/z [M+H].
Example 2 - Compound 2
5 Compound 2: 2-((4-(((3-

(diethylamino)propoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)
O

/\N/\/\O)J\O
)
° 0]
ofoww
(0]

Compound 2 was synthesized in 64% yield from Intermediate |e and 3-
10  (diethylamino)propan-I-ol  using the method employed for Example 1.'HNMR (400 MHz,
CDCh) 85.43 - 5.20 (m, 9H), 4.72 (tdd, J= 7.5, 5.3, 4.0 Hz, 1H), 4.29 (dd, J= 11.9, 4.4
Hz, 2H), 4.23 - 4.10 (m, 4H), 2.81 - 2.73 (m, 4H), 2.57 - 2.36 (m, 8H), 2.31 (td, J= 7.6,
1.3 Hz, 4H), 2.05 (q, J= 6.8 Hz, 8H), 1.97 - 1.77 (m, 4H), 161 (t, J= 7.4 Hz, 6H), 1.40 -
1.21 (m, 49H), 1.01 (t, J= 7.1 Hz, 6H), 0.88 (td, J= 6.9, 4.1 Hz, 9H). MS: 1029.7 m/z
15  [M+H].
Example 3 - Compound 3
Compound 3: 2-((4-(((3-

(ethyl(methyl)amino)propoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

O
/\N/\/\O)J\o
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Compound 3 was synthesized in 79% yield from Intermediate |e and 3-
((methyl)ethylamino)propan-1-ol  using the method employed for Example 1. HNMR (400
MHz, CDCb) 85.49 - 5.20 (m, 9H), 4.77 - 4.67 (m, 1H), 4.29 (dd, J= 11.9, 4.4 Hz, 2H),
4.16 (tdd, J= 11.9, 6.2, 2.5 Hz, 4H), 2.77 (t, J= 6.4 Hz, 4H), 2.70 - 2.37 (m, 7H), 2.37 -
2.25 (m, 7H), 2.13 - 1.82 (m, 12H), 1.69 - 1.48 (m, 7H), 1.42- 1.20 (m, 46H), 1.14 (s,
2H), 0.88 (td, J= 6.8, 3.9 Hz, 7H). MS: 1015.7 m/z [M+H].

Example 4 - Compound 4

Compound 4: 2-((4-(((2-
(dimethylamino)ethoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

Compound 4 was synthesized in 93% yield from Intermediate |e and 2-
dimethylaminoethan-1-ol  using the method employed for Example 1. 'H NMR (400 MHz,
CDCb) 065.42 - 531 (m, 8H), 5.25 (it, J= 5.8, 4.3 Hz, 1H), 4.73 (tdd, J=7.6, 5.5, 4.0 Hz,
1H), 4.29 (dd, J= 11.9, 4.4 Hz, 4H), 4.14 (ddd, J= 119, 5.8, 3.4 Hz, 2H), 2.77 (td, J= 6.0,
1.1 Hz, 4H), 2.70 (d, J= 16.4 Hz, 1H), 2.49 - 2.29 (m, 11H), 2.05 (q, J= 6.8 Hz, 8H), 1.99
- 1.81 (m, 2H), 1.67 - 1.50 (m, 8H), 1.40 - 1.21 (m, 48H), 0.88 (td, J= 7.0, 4.2 Hz, 9H).
MS: 987.6 m/z [M+H].

Example 5- Compound 5

Compound 5: 2-((4-(((3-(pyrrolidin-I-

yl)propoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl (92,92, 127,12'7)-
bis(octadeca-9, 12-dienoate)
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(o]

@/\/\OJ\O
° 0]
O\E\OJ\/\/\/\/:\/:\/\/\
o

Compound 5 was synthesized in 54% yield from Intermediate |e and 3-(pyrrolidin-
[-yl)propan-1-ol  using the method employed for Example 1. % NMR (400 MHz, CDCb) &
545 - 521 (m, 9H), 4.72 (tdd, J= 7.3, 55, 4.2 Hz, 1H), 4.29 (dd, J= 11.9, 4.4 Hz, 2H),
5 417 (dddd, J= 153, 9.1, 7.3, 3.7 Hz, 4H), 2.77 (td, J= 6.0, 1.1 Hz, 4H), 2.57 (d, J= 8.8
Hz, 6H), 2.40 (dt, J= 8.7, 6.5 Hz, 2H), 2.31 (td, J= 7.6, 1.2 Hz, 4H), 2.05 (q, J= 6.8 Hz,
8H), 1.98 - 1.83 (m, 5H), 1.80 (p, J= 3.2 Hz, 4H), 1.68 - 1.50 (m, 7H), 1.41 - 1.18 (m,
48H), 0.96 - 0.81 (m, 9H). MS: 1027.6 m/z [M+H].
Example 6 - Compound 6
10 Example 6: 2-((4-((((I-ethylpiperidin-4-
yl)oxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl (92,972,127,12'7)-bis(octadeca

9,12-dienoate)

a I\O\O)OJ\O

15 Compound 6 was synthesized in 53% yield from Intermediate |eand 1-
ethylpiperidin-4-ol using the method employed for Example 1. % NMR (400 MHz, CDCb)
5542 - 521 (m, 9H), 4.72 (tdd, J= 7.6, 5.3, 4.0 Hz, 1H), 4.64 (d, J= 5.1 Hz, 1H), 4.29
(dd, J= 11.9, 4.4 Hz, 2H), 4.14 (ddd, J= 11.9, 5.8, 4.1 Hz, 2H), 2.84 - 2.70 (m, 6H), 2.51 -
2.36 (m, 4H), 2.31 (td, J= 7.6, 1.4 Hz, 4H), 2.24 (d, J=23.1 Hz, 2H), 211- 1.93 (m, 11H),

20 1.92- 173 (m, 4H), 1.70 - 1.52 (m, 8H), 1.43 - 1.21 (m, 48H), 1.09 (t, J= 7.2 Hz, 3H),
0.88 (td, J= 7.0, 4.2 Hz, 9H). MS: 1028.2 m/z [M +H].
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Example 7 - Compound 7
Compound 7: 2-((4-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

( 0
H
o o)
O\E\OJJ\/\/\/\/;/:\/\/\
(0]

Compound 7 was synthesized in 66% yield from Intermediate |e and N 1-ethyl -NI-
methylethane- 1,2-diamine using the method employed for Example 1. % NMR (400 MHz,
CDCh) § 5.47 - 5.08 (m, 10H), 4.76 (s, 1H), 4.28 (ddd, J= 11.9, 4.4, 1.4 Hz, 2H), 4.15
(ddd, J= 11.9, 5.9, 3.3 Hz, 2H), 3.24 (g, J= 6.0 Hz, 2H), 2.82 - 2.74 (m, 4H), 2.53 - 2.26

10 (m, 10H), 2.21 (s, 3H), 2.05 (q, J= 6.8 Hz, 8H), 1.98 - 1.74 (m, 2H), 1.68 - 1.41 (m, 8H),
1.41 - 1.19 (m, 49H), 1.04 (t, J= 7.2 Hz, 3H), 0.95 - 0.82 (m, 9H). MS: 1001.1 m/z
[M+H].

Example 8- Compound 8

Compound 8: 2-((4-(((3-

15  (dimethylamino)propyl)carbamoyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

O
| H
© O
O

Compound 8 was synthesized in 55% yield from Intermediate |e and N1,N1-
dimethylpropane- 1,3-diamine using the method employed for Example 1. 'HNMR
20 (400 MHz, CDCh) 55.46 (t, J= 5.8 Hz, 1H), 5.43 - 5.28 (m, 8H), 5.24 (tt, J= 5.8, 4.4 Hz,
1H), 4.75 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 2.2 Hz, 2H), 4.15 (ddd, J= 11.9, 5.8, 1.6 Hz,
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2H), 3.23 (h, J= 6.4 Hz, 2H), 2.82 - 2.73 (m, 4H), 2.48 - 2.20 (m, 14H), 2.05 (q, J= 6.8
Hz, 8H), 1.97 - 1.42 (m, 12H), 1.42 - 1.20 (m, 48H), 0.88 (td, J= 6.9, 4.1 Hz, 9H). MS:
1000.6 m/z [M+H].

Example 9 - Compound 9

5 Compound 9: 2-((4-((((I-methylpyrrolidin-2-
yl)methyl)carbamoyl)oxy)hexadecanoyl)oxy) propane- 1,3-diyl (92,97, 127, 12'7)-
bis(octadeca-9, 12-dienoate)

Compound 9 was synthesized in 65% yield from Intermediate | e and (1-
10 methylpyrrolidin-2-yl)methanamine using the method employed for Example 1.'H NMR
(400 MHz, Chloroform-d) 5.45 - 5.28 (m, 8H), 5.25 (ddd, J= 10.2, 5.8, 4.4 Hz, 1H), 5.19
- 511(m, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.14 (ddd, J= 11.9, 5.9, 3.0
Hz, 2H), 3.44 - 3.31 (m, 1H), 3.19 - 3.02 (m, 2H), 2.84 - 2.72 (m, 4H), 2.46 - 2.16 (m,
12H), 2.05 (g, J= 6.9 Hz, 8H), 1.97 - 1.66 (m, 6H), 1.66 - 1.42 (m, 8H), 1.42 - 1.20 (m,
15  49H), 0.88 (td, J= 7.0, 4.2 Hz, 9H). MS: 1013.1 m/z [M+H].
Example 10 - Compound 10
Compound 10: 2-((4-((l,4-dimethyl piperidine-4-

carbonyl)oxy)hexadecanoyl)oxy)propane- 1,3-diyl (92,9'Z,127,12'7)-bis(octadeca-9, 12-

dienoate)
0
op
_N
© o
O\COJJ\/\/W:W\/\
0
20 Y e
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A solution of Intermediate 1d (360 mg, 1.0 equiv) in 4:2:1 THF/water/toluene (0.05
M) was cooled to O °C, followed by the addition of NaBH4 (5.0 equiv). The reaction was
maintained at 0 °C for 18 h. The reaction was then diluted with water and EtOAc, and the
resulting biphasic mixture was extracted 3x with EtOAc. The combined organic layers were
5 dried over Na2S04, filtered, and concentrated invacuo. Crude material was purified by
column chromatography (EtO Ac/hexanes) to afford intermediate alcohol as a colorless oil.
The resulting crude acohol was immediately resolubilized in DCM (0.1 M),
followed by the addition of |,4-dimethylpiperidine-4-carboxylic  acid (1.0 equiv), DMAP
(0.1 equiv), DIPEA (4.0 equiv), and EDCI (1.5 equiv). The reaction was stirred at room
10  temperature. After 16 h, additiona |,4-dimethylpiperidine-4-carboxylic ~ acid (1.0 equiv),
DMAP (0.05 equiv), DIPEA (2.0 equiv), and EDCI (1.5 equiv) were added to the reaction,
and the reaction was heated to 40 °C. After an additional two hours, the reaction was
guenched by the addition of water and DCM, and the organic layer was washed |x with 1
M HC1, Ix with 5% NaHCCb, and |x with brine. The resulting organic layer was dried over
15  Na2SC>4, filtered, and concentrated in vacuo. Crude material was purified by column
chromatography (MeOH/DCM) to afford product asapink oil (94 mg, 22%). ‘H NMR (400
MHz, CDCb) &5.46 - 5.22 (m, 9H), 4.92 (ddd, J= 11.6, 7.5, 4.7 Hz, 1H), 4.30 (dd, J=
11.9, 4.4 Hz, 2H), 4.14 (ddd, J= 12.0, 5.8, 1.9 Hz, 2H), 2.82 - 2.74 (m, 4H), 2.67 (s, 2H),
241 - 2.25 (m, 9H), 2.14 (d, J= 14.2 Hz, 4H), 2.05 (q, J= 6.8 Hz, 8H), 1.98 - 1.78 (m,
20 3H), 1.66- 1.49 (m, 9H), 1.43 - 1.18 (m, 50H), 0.88 (td, J= 6.9, 4.3 Hz, 9H).
Example 11- Compound 11

Compound 11: 2-((4-((4-(diethylamino)butanoyl)oxy)hexadecanoyl)oxy)propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca9, 12-dienoate)

\)“\/\)OJ\O

25 Compound 1lwas synthesized in 17% yield from Intermediate |d and 3-
(diethylamino)butanoic  acid using the method employed for Example 10. ‘H NMR
(400 MHz, CDCb) 0 5.46 (t, J= 5.8 Hz, 1H), 5.43 - 5.28 (m, 8H), 5.24 (tt, J= 5.8, 4.4 Hz,
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1H), 4.75 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 2.2 Hz, 2H), 4.15 (ddd, J= 11.9, 5.8, 1.6 Hz,
2H), 3.23 (h, J= 6.4 Hz, 2H), 2.82 - 2.73 (m, 4H), 2.48 - 2.20 (m, 14H), 2.05 (g, J= 6.8
Hz, 8H), 1.97 - 1.42 (m, 12H), 1.42 - 1.20 (m, 48H), 0.88 (td, J= 6.9, 4.1 Hz, 9H). MS:
1013.9 m/z [M+H].
5 Example 12 - Compound 12
Compound 12: 2-((4-(((2-

(dimethylamino)ethyl)carbamoyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

| (0]
_N._~ J\

10 Compound 12 was synthesized in 67% yield from Intermediate |eand N1,N1-
dimethylethane- 1,2-diamine using the method employed for Example 1. % NMR
(400 MHz, CDCb) 65.44 - 5.29 (m, 8H), 5.29 - 5.18 (m, 2H), 4.75 (s, 1H), 4.34 - 4.24 (m,
2H), 4.15 (ddd, J= 11.9, 5.8, 3.6 Hz, 2H), 3.25 (q, J= 5.8 Hz, 2H), 2.77 (td, J= 6.2, 1.2 Hz,
4H), 2.47 - 2.35 (m, 4H), 2.35 - 2.28 (m, 4H), 2.24 (s, 6H), 2.05 (q, J= 7.1 Hz, 8H), 1.98 -
15 173 (m, 4H), 1.65- 1.42 (m, 7H), 1.40- 1.20 (m, 48H), 0.88 (td, J= 7.0, 4.3 Hz, 9H). MS:
987.2 m/z [M+H].
Example 13 - Compound 13
Compound 13: 2-((4-(((3-

(diethylamino)propyl)carbamoyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
20 (92,9Z,127,12'7)-bi s(octadeca-9, 12-dienoate)
0]

H
° o
O\(\OJ\/\/\/\/W

170



WO 2020/118041 PCT/US2019/064663

Compound 13 was synthesized in 62% yield from Intermediate | e and N1,N1-
diethylpropane- 1,3-diamine using the method employed for Example 1. 1HNMR
(400 MHz, CDCb) 85.93 (s, 1H), 5.44 - 5.28 (m, 8H), 5.24 (ddd, J= 5.8, 4.5, 1.3 Hz, 1H),
4.74 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 2.7 Hz, 2H), 4.14 (ddd, J= 11.9, 5.8, 1.2 Hz, 2H),
5 3.24 (i, J= 13.2, 6.6 Hz, 2H), 2.81 - 2.71 (m, 4H), 2,57 (d, J= 7.7 Hz, 6H), 2.38 (ddd, J =
8.9, 6.8, 3.2 Hz, 2H), 2.35 - 2.28 (m, 4H), 2.05 (g, J= 6.6 Hz, 8H), 1.94 - 1.85 (m, 2H),
1.79 (dg, J= 14.8, 8.1 Hz, 2H), 1.73 - 1.56 (m, 7H), 1.56- 1.43 (m, 3H), 1.40- 1.20 (m,
47H), 1.06 (t, J= 7.1 Hz, 6H), 0.88 (td, J= 7.0, 4.3 Hz, 9H). MS: 1029.2 m/z [M+H].
Example 14 - Compound 14
10 Compound 14: 2-((4-(((4-

(diethylamino)butoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl (92,92, 127,12'7)-
bis(octadeca-9, 12-dienoate)
) X

\/N\/\/\O o

Compound 14 was synthesized in 60% yield from Intermediate | e and N1,N1-
15  dimethylethane- 1,2-diamine using the method employed for Example 1. % NMR
(400 MHz, CDCb) 85.45 - 5.30 (m, 9H), 5.28 (tt, J= 5.8, 4.3 Hz, 1H), 4.78 - 4.69 (m,
1H), 4.31 (dd, J= 11.9, 4.4 Hz, 2H), 4.22 - 4.09 (m, 4H), 2.79 (td, J= 6.1, 1.1 Hz, 4H),
2.63 (q, J= 7.2 Hz, 4H), 2.55 (t, J= 7.6 Hz, 2H), 2.47 - 2.38 (m, 2H), 2.38 - 2.30 (m, 4H),
207 (9, J=7.1 Hz, 8H), 2.02 - 1.85 (m, 2H), 1.76 - 1.51 (m, 11H), 1.45 - 1.21 (m, 49H),
20 108 (t, J= 7.2 Hz, 6H), 0.95 - 0.82 (m, 9H). MS: 1044.1 m/z [M+H].
Example 15- Compound 15
Compound 15: 2-((4-(((2-

(diethylamino)ethyl)carbamoyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl (92,972,127,12'7)-
bis(octadeca-9, 12-dienoate)
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(0]

Compound 15 was synthesized in 75% yield from Intermediate |e and N1,N1-
diethylethane- 1,2-diamine using the method employed for Example 1.'H NMR (400 MHz,
CDCb) 85.44 - 5.29 (m, 9H), 5.25 (ddd, J = 5.8, 4.4, 1.4 Hz, 1H), 4.75 (s, 1H), 4.28 (ddd,

5 J=119 4.4, 1.2 Hz, 2H), 4.14 (ddd, J= 11.9, 5.8, 3.0 Hz, 2H), 3.23 (q, J = 5.7 Hz, 2H),
2.80 - 2.73 (m, 4H), 2.57 (g, J= 7.0 Hz, 6H), 2.38 (ddd, J= 9.0, 6.6, 4.7 Hz, 2H), 2.34 -
2.28 (m, 4H), 2.05 (g, J= 6.8 Hz, 8H), 1.90 (h, J= 9.0, 7.9 Hz, 1H), 1.80 (p, J= 7.3, 6.5 Hz,
1H), 1.66 - 1.44 (m, 7H), 1.40 - 1.20 (m, 53H), 1.03 (t, J= 7.1 Hz, 6H), 0.88 (td, J= 6.9,
4.3 Hz, 9H). MS: 1014.9 m/z [M+H].

10 Example 16 - Compound 16

Compound 16: 2-((4-(((2-(I-methylpyrrolidin-2-
yl)ethoxy)carbonyl)oxy)hexadecanoyl)oxy)  propane- 1,3-diyl (92,97, 127,12'7)-
bis(octadeca-9, 12-dienoate)

15 Compound 16 was synthesized in 78% yield from Intermediate |e and 2-(I-
methylpyrrolidin-2-yl)ethan-I-ol  using the method employed for Example 1. 'H NMR (400
MHz, CDCb) 85.43 - 5.28 (m, 9H), 5.25 (it, J= 5.8, 4.3 Hz, 1H), 4.72 (qd, J= 7.6, 4.6 Hz,
1H), 4.29 (dd, J= 11.9, 4.4 Hz, 2H), 4.26 - 4.09 (m, 4H), 3.14 (t, J= 8.8 Hz, 1H), 2.82 -
2.74 (m, 4H), 2.45 - 2.28 (m, 9H), 2.22 (td, J= 115, 10.9, 6.0 Hz, 2H), 2.15 - 1.91 (m,

20 12H), 1.69- 1.48 (m, 9H), 1.42 - 1.20 (m, 50H), 0.88 (td, J= 6.9, 4.1 Hz, 9H). MS: 1027.9
m/z [M+H].
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Example 17 - Compound 17

Intermediate 17a: hexadecylmagnesium bromide

/\(\/)/\MgBr

13
To asolution of Mg (15.92 g, 2 equiv) in THF (300 mL) was added I, (0.01 equiv),
5  then 1-bromohexadecane (1.0 equiv) in THF (100 mL) was added to the above drop wise at
80 °C. The mixture was stirred for 6 h at 80 °C. Product was obtained in quantitative yield
asbrown liquid and used immediately in next step.
Intermediate 17b: 4-oxoicosanoic acid

0

o

OH
10 A solution of succinic anhydride (54 g, 1.0 equiv) in THF (1.2 M) was cooled to -78

°C, followed by the addition of Intermediate 17a. The reaction was maintained at -78 °C for
12 h before being poured into sat. NH4Cl and extracted 3x with EtOAc. The combined
organic phases were washed with brine, dried with Na2SC>4, filtered, and concentrated.
Purification by column chromatography afforded product asawhite solid (4 g, 2%). ¥

15 NMR (400 MHz, CDCb) & 4.11 (t, J= 6.7 Hz, 1H), 2.80 - 2.62 (m, 4H), 2.46 (t, J= 7.5 Hz,
1H), 1.63 (dg, J= 14.7, 7.1 Hz, 2H), 1.49 - 1.20 (m, 27H), 0.90 (t, J= 6.7 Hz, 3H).

Intermediate 17c: 2-((4-oxoicosanoyl)oxy)propane-l,3-diyl (92,92,1272,12'7)-

bis(octadeca-9, 12-dienoate)

20 Intermediate 17c was synthesized in 53% yield from Intermediate 17b and
Intermediate |c using the method employed for Intermediate Id. '"H NMR (400 MHz,
CDCb) 3543 - 521 (m, 9H), 4.29 (dt, J= 11.9, 4.1 Hz, 2H), 4.14 (dd, J= 11.9, 5.9 Hz,
2H), 4.06 (t, J= 6.8 Hz, 1H), 2.73 (dt, J= 22,5, 6.5 Hz, 6H), 2.67 - 2.54 (m, 4H), 2.42 (t, J
= 7.5 Hz, 2H), 2.31 (t, J= 7.6 Hz, 4H), 2.04 (g, J= 6.9 Hz, 9H), 1.61 (q, J= 7.9, 7.3 Hz,

25  8H), 1.42- 1.15 (m, 55H), 0.88 (td, J= 6.7, 4.0 Hz, 9H).
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Intermediate 17d: 2-((4-(((4-nitrophenoxy)carbonyl)oxy)icosanoyl)oxy)propane-
1,3-diyl (92,9'Z, 127, 12'Z)-his(octadeca-9, 12-dienoate)

O
OJ\O

Intermediate 17d was synthesized in 29% yield from Intermediate 17c using the
5 method employed for Intermediate le. % NMR (400 MHz, CDCb) 6 8.33 - 8.24 (m, 2H),
7.43 - 7.34 (m, 2H), 5.45 - 5.23 (m, 8H), 4.92 - 4.82 (m, 1H), 4.31 (dd, J= 12.0, 4.3 Hz,
2H), 4.20 - 4.09 (m, 2H), 2.76 (t, J= 6.3 Hz, 4H), 2.47 (dd, J= 8.3, 6.7 Hz, 2H), 2.30 (td, J
= 7.6, 42 Hz, 4H), 2.04 (q, J= 7.2 Hz, 9H), 1.61 (ddt, J= 115, 7.4, 3.7 Hz, 4H), 1.43 -
1.22 (m, 49H), 0.88 (td, J= 6.9, 3.8 Hz, 9H).
10 Compound  17: 2-((4-(((3-

(dimethylamino)propoxy)carbonyl)oxy)icosanoyl)oxy)propane-1,3-diyl (92,92, 127,12'7)-
bis(octadeca-9, 12-dienoate)

O
\N/\/\O)J\O
I
° o

Compound 17 was synthesized in 74% yield from Intermediate 17d and 3-

15  (dimethylamino)propan- 1-ol using the method employed for Example 1.'HNMR (400
MHz, CDCb) 85.42 - 5.22 (m, 10H), 4.72 (tdd, J= 7.5, 5.4, 4.0 Hz, 1H), 4.36 - 4.25 (m,
2H), 4.23 - 4.08 (m, 4H), 2.82 - 2.71 (m, 4H), 2.50 - 2.28 (m, 9H), 2.25 (s, 6H), 2.09 -
1.97 (m, 9H), 1.91 - 1.80 (m, 3H), 1.70- 1.47 (m, 7H), 1.40- 1.20 (m, 57H), 0.96 - 0.82
(m, 9H). MS: 1058.1 m/z [M +H].
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Example 18 - Compound 18
Compound 18: 2-((4-(((3-

(ethyl (methyl)amino)propoxy)carbonyl)oxy)icosanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

/\N/\/\O)J\O
|
° o)
O\(\OJ]\/\/\/\/:\/W
(0]

Compound 18 was synthesized in 77% yield from Intermediate 17d and 3-
((methyl)ethylamino)propan-l-ol  using the method employed for Example 1. 'H NMR (400
MHz, CDCb) 6 5.45- 5.22 (m, 10H), 4.72 (qd, J= 7.7, 4.7 Hz, 1H), 4.29 (dd, J= 12.0, 4.4
Hz, 2H), 4.20 - 4.10 (m, 4H), 2.83 - 2.73 (m, 4H), 2.51 - 2.36 (m, 6H), 2.35 - 2.28 (m,

10 4H), 2.24 (s, 3H), 2.10 - 1.99 (m, 9H), 1.91 - 1.82 (m, 3H), 1.66 - 1.52 (m, 6H), 1.42 -
1.19 (m, 60H), 1.06 (t, J= 7.1 Hz, 3H), 0.88 (td, J= 6.9, 4.1 Hz, 9H). MS: 1072.3 m/z
[M+H].

Example 19 - Compound 19

Compound 19: 2-((4-(((3-(pyrrolidin-I-

15  yl)propoxy)carbonyl)oxy)icosanoyl)oxy)propane-1,3-diyl (92,927, 127, 12'7)-bis(octadeca-

9,12-dienoate)
0
G,/\/\OJ\O
° o
0\(\0)1\/\/\/\/=\/W
o

Compound 19 was synthesized in 67% yield from Intermediate 17d and 3-
(pyrrolidin-lI-yl)propan-1-ol  using the method employed for Example 1. % NMR (400
20 MHz, CDCb) 65.44 - 522 (m, 9H), 4.72 (tt, J= 7.5, 4.5 Hz, 1H), 4.29 (dd, J= 11.9, 4.4
Hz, 2H), 4.24 - 4.10 (m, 4H), 2.83 - 2.72 (m, 4H), 2.57 (d, J= 8.3 Hz, 6H), 2.40 (dt, J=
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8.6, 6.7 Hz, 2H), 2.31 (td, J= 7.6, 1.2 Hz, 4H), 2.04 (dd, J= 8.5, 5.3 Hz, 8H), 2.00 - 1.86
(m, 4H), 1.86- 1.78 (m, 4H), 1.53 (ddt, J= 14.1, 8.3, 4.7 Hz, 7H), 1.44- 1.20 (m, 56H),
0.88 (td, J= 6.9, 4.2 Hz, 9H). MS: 1084.2 m/z [M +H].
Example 20 - Compound 20
5 Compound 20: 2-((4-(((2-
(ethyl(methyl)amino)ethyl)carbamoyl)oxy)icosanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

( 0
H
° 0]
o
0]

Compound 20 was synthesized in 73% yield from Intermediate 17d and 3-
10 (pyrrolidin-I-yl)propan-l-ol  using the method employed for Example 1. % NMR (400
MHz, CDCb) 85.44 - 5.17 (m, 10H), 4.75 (s, 1H), 4.28 (ddd, J= 11.9, 4.4, 1.3 Hz, 2H),
4.15 (ddd, J= 11.9, 5.8, 3.4 Hz, 2H), 3.25 (d, J= 6.2 Hz, 2H), 2.81 - 2.73 (m, 4H), 2.50 -
2.36 (m, 6H), 2.36 - 2.28 (m, 4H), 2.22 (s, 3H), 2.05 (q, J= 6.8 Hz, 8H), 1.94- 171 (m,
4H), 1.66 - 1.20 (m, 63H), 1.05 (t, J= 7.1 Hz, 3H), 0.88 (td, J= 6.9, 4.2 Hz, 9H). MS:
15 1056.6 m/z [M+H].
Example 21- Compound 21
Compound 21: 2-((4-((((I-methylpyrrolidin-2-
yl)methyl)carbamoyl)oxy)icosanoyl)oxy)propane-1,3-diyl (92,9'72,127,12'7)-bis(octadeca-

9,1 2-dienoate)

20
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Compound 21 was synthesized in 85% yield from Intermediate 17d (1-
methylpyrrolidin-2-yl)methanamine  using the method employed for Example 1.'HNMR
(400 MHz, CDCb) 65.43 - 5.30 (m, 8H), 5.29 - 5.18 (m, 2H), 4.76 (s, 1H), 4.28 (dd, J=
11.9, 4.4 Hz, 2H), 4.21 - 4.07 (m, 2H), 3.46 - 3.30 (m, 1H), 3.11(ddt, J=22.3, 8.9, 4.3 Hz,

5 2H), 280 - 2.72 (m, 4H), 2.45 - 2.15 (m, 12H), 2.04 (dd, J= 85, 5.3 Hz, 9H), 1.96 - 1.77
(m, 4H), 1.71 (tg, J= 8.4, 5.1, 4.0 Hz, 2H), 1.65 - 1.45 (m, 8H), 1.39- 1.20 (m, 60H), 0.88
(td, J=6.9, 4.4 Hz, 9H). MS: 1068.8 m/z [M +H].
Example 22 - Compound 22

Intermediate 22a: (Z)-9-(non-2-en-1-yloxy)-9-oxononanoic  acid
o o

To a solution of nonanedioic acid (25 g, 1.3 equiv) in THF (100 mL) at 0 °C was

10

added oxalyl chloride (1.0 equiv) dropwise over one minute. Next, DMF (0.1 equiv) was
added dropwise over one minute. The reaction mixture was stirred a 0 °C for 10 min,
followed by room temperature for 10 min. Then, the reaction was cooled back to 0 °C,

15  followed by the addition of cis-2-nonen-I-ol (1.0 equiv) in THF (100 mL). The reaction
was stirred a 0 °C for 5min, then stirred at room temperature for 16 h. Upon completion,
the reaction was concentrated in vacuo, slurried with DCM, and filtered. The filtrate was
concentrated and purified by column chromatography (80 g, MeOH/DCM) to afford
product asapae yellow oil (15 g, 47%) that was used directly in subsequent steps.

20 Intermediate 22b: 9,9'-di((Z)-non-2-en-1-yl)  0'1,01-(2-oxopropane-1,3-diyl)
di(nonanedioate)

Intermediate 22b was synthesized in 73% yield by combining dihydroxyacetone and
Intermediate 22a using the method employed for Intermediate |b.
25 Intermediate 22c: 0'1,01-(2-hydroxypropane-l,3-diyl) 9,9'-di((Z)-non-2-en-1-yl)
di(nonanedioate)
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Intermediate 22c was synthesized in 71% yield from Intermediate 22b using the
method employed for Intermediate Ic, except that the reaction was completed after 45 min.
¥.NMR (400 MHz, CDCb) 65.64 (dtt, J= 11.0, 7.3, 1.3 Hz, 2H), 5.52 (dtt, J= 10.9, 6.8,

5 15Hz 2H), 4.67 - 458 (m, 4H), 4.23 - 4.05 (m, 5H), 2.51 (d, J= 4.6 Hz, 1H), 2.32 (dt, J=
18.1, 7.6 Hz, 8H), 2.15 - 2.00 (m, 4H), 1.61 (td, J= 10.0, 2.7 Hz, 8H), 1.42- 1.20 (m,
28H), 0.93 - 0.83 (m, 6H).

Intermediate 22d: 9,9'-di((Z)-non-2-en-1-yl)  0'1,01-(2-((4-
oxohexadecanoyl)oxy)propane-1,3-diyl)  di(nonanedioate)

o
@)
(o) 0]
o\(\o/lj\/\/\/\)]\o/\z/\/\/\
(o} o

10
Intermediate 22d was synthesized in 38% yield from Intermediate 22c and

Intermediate | ausing the method employed for Intermediate Id. % NMR (400 MHz,

CDCb) 65.66 (dtt, J= 11.0, 7.3, 1.3 Hz, 2H), 5.54 (dtt, J= 11.0, 6.9, 1.5 Hz, 2H), 5.26 (it, J

= 5.9, 4.3 Hz, 1H), 4.64 (dd, J= 6.9, 1.3 Hz, 4H), 4.31 (dd, J= 11.9, 4.3 Hz, 2H), 4.17 (dd,
15 J=11.9, 5.9 Hz, 2H), 2.74 (t, J= 6.7 Hz, 2H), 2.68 - 2.56 (m, 2H), 2.45 (t, J= 7.5 Hz, 2H),

2.33 (td, J=7.6, 6.0 Hz, 8H), 2.19 - 2.07 (m, 4H), 1.70 - 1.57 (m, 12H), 1.43 - 1.23 (m,

46H), 0.98 - 0.84 (m, 9H).

Intermediate 22e: 0'1,01-(2-((4-(((4-

nitrophenoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-  1,3-diyl) 9,9'-di((Z)-non-2-en- 1-yl)

20  di(nonanedioate)

178



WO 2020/118041 PCT/US2019/064663

Intermediate 22e was synthesized in 51% yield from Intermediate 22d using the
method employed for Intermediate le. % NMR (400 MHz, CDCb) § 8.38 - 8.31(m, 1H),
8.31 - 8.24 (m, 2H), 7.54 - 7.47 (m, 1H), 7.44 - 7.36 (m, 2H), 5.64 (ditt, J= 11.0, 7.3, 1.3
5 Hz, 2H), 551 (dtt, J= 11.0, 6.8, 1.5 Hz, 2H), 5.26 (tt, J= 5.8, 4.3 Hz, 1H), 4.86 (ddd, J=
11.8, 7.5, 4.8 Hz, 1H), 4.65 - 4.57 (m, 4H), 4.36 - 4.25 (m, 2H), 4.21 - 4.10 (m, 2H), 2.50
- 244 (m, 2H), 2.30 (td, J= 7.5, 4.5 Hz, 8H), 2.13 - 2.05 (m, 4H), 1.62 (d, J= 37.2 Hz,
OH), 1.46 - 1.18 (m, 49H), 0.94 - 0.80 (m, 9H).
Compound 22: 0',01-(2-((4-(((3-
10 (dimethylamino)propoxy)carbonyl)oxy)hexadecanoyl)oxy) propane- 1,3-diyl) 9,9'-di((2)-

non-2-en-l-yl) di(nonanedioate)

0]
l
(o)
0 0]
(0] 0]

Compound 22 was synthesized in 54% yield from Intermediate 22e and 3-

(dimethylamino)propan-lI-ol  using the method employed for Example 1.'H NMR (400

15 MHz, CDCb) 85.71 - 558 (m, 2H), 5.52 (dtt, J= 10.9, 6.8, 1.5 Hz, 2H), 5.25 (tt, J= 5.7,
4.4 Hz, 1H), 4.72 (ddd, J= 11.7, 7.4, 45 Hz, 1H), 4.62 (dd, J= 6.8, 1.3 Hz, 4H), 4.34 -
4.25 (m, 2H), 4.25 - 4.08 (m, 4H), 2.39 (ddd, J= 12.9, 84, 6.4 Hz, 4H), 2.34 - 2.21 (m,
13H), 2.09 (tdd, J= 7.4, 5.7, 1.5 Hz, 4H), 2.02 - 1.67 (m, 7H), 1.69- 151 (m, 11H), 1.42 —
1.19 (m, 45H), 0.97 - 0.78 (m, 8H). MS: 1065.7 m/z [M+H].
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Example 23 - Compound 23
Compound 23: 0'1,01-(2-((4-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)hexadecanoyl)oxy)  propane- 1,3-diyl) 9,9
di((Z)-non-2-en- 1-yl) di(nonanedioate)

\ 0
7~ N \/\ N Jl\o
H
O
o) (0]
O\E\Owow
(o] (o]

Compound 23 was synthesized in 59% yield from Intermediate 22e and NI-ethyl-
NI-methylethane- 1,2-diamine using the method employed in Example 1. % NMR (400
MHz, CDCb) 85.72 - 5.59 (m, 2H), 5.52 (dtt, J= 11.0, 6.8, 1.5 Hz, 2H), 5.36 - 5.18 (m,
2H), 4.75 (s, 1H), 4.62 (dd, J= 6.9, 1.2 Hz, 4H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.14 (ddd,

10  J= 119, 5.8, 3.5 Hz, 2H), 3.35 - 3.20 (m, 2H), 2.56 - 2.43 (m, 4H), 2.38 (ddd, J= 8.7, 6.6,
4.1 Hz, 2H), 2.34 - 2.19 (m, 11H), 2.10 (qd, J= 7.4, 1.5 Hz, 4H), 1.96 - 1.72 (m, 3H), 1.63
(d, J=6.9 Hz, 11H), 1.41 - 1.18 (m, 48H), 1.07 (t, J= 7.1 Hz, 3H), 0.93 - 0.81 (m, 9H).
MS: 1065.2 m/z [M+H].
Example 24 - Compound 24
15 Compound 24: 0'1,01-(2-((4-((((1-methylpyrrolidin-2-

yl)methyl)carbamoyl)oxy)hexadecanoyl)  oxy)propane-1,3-diyl)9,9'-di((Z)-non-2-en-1-yl)
di(nonanedioate)

\ (o}
ey
H
O
(@) (0}
o w

Compound 24 was synthesized from Intermediate 22e and (I-methylpyrrolidin-2-
20  yl)methanamine using the method employed in Example 1. %2 NMR (400 MHz, CDCb) d
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5.71 - 559 (m, 2H), 5.52 (dtt, J= 10.9, 6.8, 1.5 Hz, 2H), 5.24 (ddd, J= 8.8, 5.8, 4.4 Hz,
2H), 4.76 (s, 1H), 4.62 (dd, J= 6.9, 1.3 Hz, 4H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.14 (ddd,
J= 119, 5.8, 3.2 Hz, 2H), 3.39 (g, J= 11.2, 10.1 Hz, 1H), 3.10 (t, J= 14.0 Hz, 2H), 2.50 -
2.20 (m, 15H), 2.10 (qd, J= 7.4, 1.5 Hz, 4H), 1.97 - 1.67 (m, 6H), 161 (d, J= 7.3 Hz,
5  12H), 1.41 - 1.18 (m, 47H), 0.97 - 0.79 (m, 9H). MS: 1076.7 m/z [M+H].
Example 25- Compound 25

Intermediate 25a: 5-oxoheptadecanoic acid
o]

0~ OH
Intermediate 25a was synthesized in 64% yield from glutaric anhydride and

10  dodecylmagnesium bromide solution using the method employed in Intermediate la. *H
NMR (400 MHz, CDCb) 62.75 (t, J= 6.7 Hz, 1H), 2.49 (t, J= 7.2 Hz, 2H), 2.44 - 2.35 (m,
4H), 1.90 (p, J= 7.2 Hz, 2H), 1.56 (t, J= 7.3 Hz, 2H), 1.26 (d, J= 4.0 Hz, 19H), 0.88 (t, J=
6.7 Hz, 3H).

Intermediate 25b: 2-((5-oxoheptadecanoyl)oxy)propane-1,3-diyl (92,97,127,12'7)-

15  bis(octadeca-9,12-dienoate)

Intermediate 25b was synthesized in 55% yield from Intermediate 25a and
Intermediate |c using the method employed for Intermediate Id. ‘H NMR (400 MHz,
CDCb) 85.45 - 5.19 (m, 9H), 4.30 (dd, J= 11.9, 4.3 Hz, 2H), 4.12 (dd, J= 11.9, 5.8 Hz,
20  2H), 2.76 (t, J= 6.4 Hz, 4H), 2.46 (t, J= 7.2 Hz, 2H), 2.42 - 2.24 (m, 8H), 2.04 (g, J= 6.8
Hz, 8H), 1.88 (p, J= 7.2 Hz, 2H), 1.57 (dp, J=21.3, 7.2 Hz, 6H), 1.43 - 1.18 (m, 41H),
0.87 (td, J= 6.8, 4.1 Hz, 8H).
Intermediate 25c: 2-((5-(((4-
nitrophenoxy)carbonyl)oxy)heptadecanoyl)oxy)propane-1,3-diyl (92,92,1272,12'7)-
25  bis(octadeca-9,12-dienoate)

181



WO 2020/118041 PCT/US2019/064663

Intermediate 25c was synthesized in 23% yield from Intermediate 25b using the
method employed for Intermediate le. % NMR (400 MHz, CDCb) 68.31- 8.24 (m, 2H),
7.42 - 7.35 (m, 2H), 5.44 - 5.19 (m, 9H), 4.83 (g, J= 5.7 Hz, 1H), 4.31 (ddd, J= 12.0, 4.4,
5 29Hz 2H), 414 (ddd, J= 11.9, 5.8, 2.1 Hz, 2H), 2.76 (t, J= 6.3 Hz, 4H), 2.34 (dt, J =
30.7, 7.0 Hz, 6H), 2.04 (g, J= 6.9 Hz, 8H), 1.80 - 152 (m, 14H), 1.29 (dd, J= 19.3, 12.3
Hz, 44H), 0.88 (td, J= 6.8, 3.7 Hz, 9H).
Compound 25: 2-((5-(((3-
(dimethylamino)propoxy)carbonyl)oxy)heptadecanoyl)oxy)propane-1,3-diyl
10 (92,927,127, 12'7)-bi s(octadeca9, 12-dienoate)

(0]
\T/\/\OJ\O
(0]
o )J\/\/\/\/_j/:\/\/\
0\(\0

Compound 25 was synthesized in 94% yield from Intermediate 25c and 3-
(dimethylamino)propan-l-ol  using the method employed for Example 1.'H NMR (400
MHz, CDCb) 85.46 - 5.19 (m, 9H), 4.74 - 4.65 (m, 1H), 4.29 (ddd, J= 11.9, 4.4, 1.7 Hz,

15  2H), 4.25 - 4.07 (m, 4H), 2.82 - 2.72 (m, 4H), 2.39 - 2.28 (m, 8H), 2.22 (s, 6H), 2.05 (q, J
= 6.8 Hz, 8H), 1.84 (dq, J= 8.2, 6.7 Hz, 2H), 1.73 - 1.50 (m, 14H), 1.41 - 1.18 (m, 50H),
0.88 (td, J= 7.0, 4.2 Hz, 9H). MS: 1016.11m/z [M+H].
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Example 26 - Compound 26
Compound 26: 2-((5-(((3-

(ethyl (methyl)amino)propoxy)carbonyl)oxy)heptadecanoyl)oxy)  propane- 1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

(0]
0]
o J\/\/\/\/=\/=\/\/\
O\(\O

Compound 26 was synthesized in 84% yield from Intermediate 25¢ and 3-
((methyl)ethylamino)propan-I-ol  using the method employed for Example 1. IHNMR (400
MHz, CDCb) 85.46 - 5.20 (m, 10H), 4.69 (dq, J= 7.5, 5.5 Hz, 1H), 4.29 (ddd, J= 11.9,
4.4, 1.6 Hz, 2H), 4.25 - 4.10 (m, 4H), 2.83 - 2.72 (m, 4H), 2.45 - 2.38 (m, 4H), 2.37 - 2.28

10 (m, 6H), 2.21 (s, 3H), 2.05 (q, J= 6.8 Hz, 8H), 1.88 - 1.79 (m, 2H), 1.74- 1.52 (m, 13H),
1.44 - 1.22 (m, 51H), 1.04 (t, J= 7.2 Hz, 3H), 0.88 (td, J= 6.9, 4.1 Hz, 9H). MS: 1030.1
m/z [M+H].
Example 27 - Compound 27
Compound 27: 2-((5-(((3-(pyrrolidin-I-

15  yl)propoxy)carbonyl)oxy)heptadecanoyl)oxy)propane-1,3-diyl (92,97, 127, 12'7)-
bis(octadeca-9, 12-dienoate)
o

R

Compound 27 was synthesized in 79% yield from Intermediate 25¢ and 3-
(pyrrolidin-l-yhpropan-l-ol  using the method employed for Example 1. % NMR (400
20 MHz, CDCb) 65.44- 5.21 (m, 10H), 4.69 (dt, J= 7.1, 5.3 Hz, 1H), 4.29 (ddd, J= 11.9,
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4.3, 1.6 Hz, 2H), 4.25 - 4.10 (m, 4H), 2.81 - 2.73 (m, 4H), 2.52 (dd, J= 14.8, 7.1 Hz, 6H),
2.33 (dt, J= 13.4, 7.2 Hz, 6H), 2.05 (g, J= 6.8 Hz, 8H), 1.89 (dg, J= 10.8, 6.8 Hz, 2H),
1.82- 1.74 (m, J= 3.8, 3.3 Hz, 4H), 1.71 - 153 (m, 13H), 1.40- 1.21 (m, 49H), 0.88 (td, J
= 6.9, 4.2 Hz, 9H). MS: 1041.8 m/z [M+H].

Example 28 - Compound 28

Compound 28 : 2-((5-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)heptadecanoyl)oxy) propane- 1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

N o

N~ N J\o
H
O
o O\(\OJ\/\/\/\/:\/:\/\/\
(o]
oW\/\/\

Compound 28 was synthesized in 87% yield from Intermediate 25c and NI-ethyl-
NI-methylethane- 1,2-diamine using the method employed for Example 1. %:NMR (400
MHz, CDCb) &5.43 - 521 (m, 10H), 5.12 (s, 1H), 4.80 - 4.65 (m, 1H), 4.29 (dt, J= 11.9,
4.5 Hz, 2H), 4.19 - 4.09 (m, 2H), 3.24 (d, J= 4.8 Hz, 2H), 2.83 - 2.72 (m, 4H), 2.44 (dt, J =
14.6, 6.6 Hz, 4H), 2.38 - 2.27 (m, 6H), 2.20 (s, 3H), 2.04 (dd, J= 7.8, 5.7 Hz, 8H), 1.74 -
1.42 (m, 15H), 1.42- 1.19 (m, 50H), 1.04 (t, J= 7.1 Hz, 3H), 0.88 (td, J= 7.0, 4.4 Hz, 9H).
MS: 1014.1 m/z [M+H].

Example 29 - Compound 29

Compound 29: 2-((5-((((I-methylpyrrolidin-2-

yl)methyl)carbamoyl)oxy)heptadecanoyl)oxy)  propane- 1,3-diyl (92,97, 127, 12'7)-
bis(octadeca-9,12-dienoate)
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Compound 29 was synthesized in 93% yield from Intermediate 25c and (1-
methylpyrrolidin-2-yl)methanamine  using the method employed for Example 1.!HNMR
(400 MHz, CDCb) $5.43 - 5.21 (m, 11H), 5.08 (d, J= 8.8 Hz, 1H), 4.74 (s, 1H), 4.29 (dt, J
5 =119, 4.6 Hz, 2H), 4.13 (ddd, J= 11.9, 5.8, 4.5 Hz, 2H), 3.39 (q, J= 11.3, 10.6 Hz, 1H),
3.08 (d, J=25.9 Hz, 2H), 2.82 - 2.73 (m, 4H), 2.39 - 2.18 (m, 12H), 2.05 (g, J= 6.8 Hz,
9H), 1.91 - 1.82 (m, 1H), 1.62 (dddd, J = 27.4, 20.2, 13.2, 6.7 Hz, 18H), 1.42 - 1.20 (m,
52H), 0.88 (td, J= 6.9, 4.4 Hz, 9H). MS: 1026.8 m/z [M+H].
Example 30 - Compound 30
10 Intermediate 30a: 3-hydroxypropane-l,2-diyl (92,9'2,127,12'7)-bis(octadeca-9,12-

dienoate)
OH

To asolution of glycerol (1.59 g, 1.0 equiv) in DCM (0.1 M) was added linoleic

acid (2.05 equiv), DMAP (0.2 equiv), DIPEA (2.4 equiv), EDCI (2.4 equiv), and 1 mL of

15  DMEF in sequence. The reaction was stirred at room temperature for 65 h. Upon completion,
the mixture was quenched by the addition of water, and the organic layer was washed |x
with 1M HC1 and I x with 5% NaHCO03. The organic layer was then dried over Na2S04,
filtered, and concentrated in vacuo. Crude material was purified by column chromatography
(EtOAc/hexanes) to product asacolorless oil. ¥NMR (400 MHz, CDCb) 05.43 - 5.28

20 (m, 8H), 5.13 - 5.04 (m, 1H), 4.32 (dd, J= 11.9, 4.6 Hz, 1H), 4.23 (dd, J= 11.9, 5.6 Hz,
1H), 3.73 (ddd, J= 6.5, 5.0, 1.3 Hz, 2H), 2.82 - 2.73 (m, 4H), 2.33 (dt, J= 8.8, 7.5 Hz, 4H),
2.03 (dg, J= 13.1, 6.6 Hz, 9H), 1.69 - 157 (m, 4H), 1.44- 1.23 (m, 29H), 0.96 - 0.83 (m,
6H).
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Intermediate 30b: 3-((4-oxohexadecanoyl)oxy)propane-l,2-diyl  (92,9'72,127,12'7)-
bis(octadeca-9, 12-dienoate)

0]
o
o
o o

Intermediate 30b was synthesized in 66% yield from Intermediate 30a and

5 Intermediate |ausing the methodemployed in Intermediate 1d. % NMR (400 MHz, CDCb)
0 5.43 - 5.26 (m, 9H), 4.29 (ddd, J= 11.8, 4.3, 2.1 Hz, 2H), 4.15 (ddd, J= 11.9, 7.7, 6.0 Hz,
2H), 2.82 - 2.74 (m, 4H), 2.71 (td, J= 6.3, 5.6, 2.4 Hz, 2H), 2.62 - 2.55 (m, 2H), 2.43 (t, J
= 7.5 Hz, 2H), 2.31 (td, J= 7.6, 5.4 Hz, 4H), 2.05 (q, J= 6.9 Hz, 8H), 1.66- 1.54 (m, 8H),
141 - 1.19 (m, 47H), 0.88 (td, J= 7.0, 4.4 Hz, 9H).

10 Intermediate 30c: 3-((4-(((4-
nitrophenoxy)carbonyl)oxy)hexadecanoyl)oxy)propane-1,2-diyl (92,927, 127,12'7)-
bis(octadeca-9, 12-dienoate)

Res
OJ\O

Intermediate 30c was synthesized in 40% yield from Intermediate 30b using the
15  method employed in Intermediate le.
Compound 30: 9-dodecyl-2-methyl-7, 12-dioxo-6,8, 13-trioxa-2-azahexadecane-
15,16-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
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Compound 30 was synthesized in 84% yield from Intermediate 30c and 3-
((methyl)ethylamino)propan-I-ol  using the method employed in Example 1.'H NMR (500
MHz, CDCb) 85.44 - 5.20 (m, 8H), 4.76 - 4.67 (m, 1H), 4.29 (ddd, J= 11.9, 4.3, 1.7 Hz,
2H), 422 - 411 (m, 4H), 2.77 (t, J= 6.7 Hz, 4H), 2.45 - 2.28 (m, 8H), 2.22 (s, 6H), 2.05
(9, J= 6.9 Hz, 8H), 2.00 - 1.79 (m, 4H), 1.69- 151 (m, 6H), 1.40- 1.17 (m, 48H), 0.88
(td, J=6.9, 4.8 Hz, 8H). MS: 1002.2 m/z [M +H].

Example 31- Compound 31

Intermediate 31a: 4-oxododecanoic acid

0
OYHI\/\/\/\/
OH

Intermediate 31a was synthesized in 9% yield from succinic anhydride and
octylmagnesium bromide solution using the method employed in Intermediate la. 1HNMR
(400 MHz, CDCb) 82.71 (t, J= 6.4 Hz, 2H), 2.62 (t, J= 6.7 Hz, 2H), 2.43 (t, J= 7.5 Hz,
2H), 1.57 (p, J= 7.1 Hz, 2H), 1.26 (d, J= 3.6 Hz, 10H), 0.87 (t, J= 6.7 Hz, 3H).

Intermediate 31b: 2-((4-oxododecanoyl)oxy)propane-l,3-diyl  (92,97,127,12'7)-
bis(octadeca-9, 12-dienoate)

(0]
) JJ\/O\/\/\/
O\COJ\/\/W:\/z\/\/\

(o)

N N N N

187



WO 2020/118041 PCT/US2019/064663

Intermediate 31b was synthesized in 38% yield from Intermediate 31a and
Intermediate | c using the method employed in Intermediate |d. IHNMR (400 MHz,
CDCb) 65.47 - 5.19 (m, 8H), 4.28 (dd, J= 11.9, 4.3 Hz, 2H), 4.15 (dd, J= 11.9, 5.9 Hz,
2H), 2.77 (t, J= 6.4 Hz, 4H), 2.71 (t, J= 6.5 Hz, 2H), 2.59 (t, J= 6.5 Hz, 2H), 243 (t, J=

5 7.5Hz 2H), 2.32 (t, J= 7.6 Hz, 4H), 2.04 (g, J= 6.9 Hz, 8H), 1.67 - 1.53 (m, 6H), 1.40 -
1.20 (m, 37H), 0.88 (td, J= 6.8, 5.0 Hz, 9H).

Intermediate 31c: 2-((4-(((4-nitrophenoxy)carbonyl)oxy)dodecanoyl)oxy)propane-

1,3-diyl (92,92, 127, 12'Z)-bis(octadeca-9, 12-dienoate)

O
OJJ\O

10 Intermediate 31c was synthesized in 68% yield using the method employed in
Intermediate le. ¥ NMR (400 MHz, CDCb) 08.26 - 8.16 (m, 2H), 7.40 - 7.30 (m, 2H),
5.39 - 5.05 (m, 9H), 4.80 (tdd, J= 7.5, 5.4, 4.0 Hz, 1H), 4.49 - 4.04 (m, 4H), 2.77 - 2.63
(m, 4H), 245 - 2.18 (m, 6H), 2.08 - 1.85 (m, 10H), 1.74 - 1.46 (m, 6H), 1.41 - 1.11(m,
40H), 0.81 (td, J= 6.9, 2.4 Hz, 9H).

15 Compound 31: 2-((4-(((3-
(dimethylamino)propoxy)carbonyl)oxy)dodecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

0]
\N/\/\O)J\O

Compound 31 was synthesized in 71% yield from Intermediate 31c and 3-
20  (dimethylamino)propan-l-ol  using the method employed in Example 1. % NMR
(400 MHz, CDCb) 85.42 - 5.22 (m, 9H), 4.72 (tdd, J= 7.4, 5.3, 4.0 Hz, 1H), 4.34 - 4.26
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(m, 2H), 4.23 - 4.10 (m, 4H), 2.82 - 2.72 (m, 4H), 2.45 - 2.36 (m, 4H), 2.31 (ddd, J= 8.0,
7.1, 1.2 Hz, 4H), 2.25 (s, 6H), 2.05 (g, J= 6.6 Hz, 8H), 1.99- 1.91 (m, 1H), 1.91 - 1.82 (m,
3H), 1.67 - 1.53 (m, 6H), 1.40 - 1.21 (m, 41H), 0.94 - 0.82 (m, 9H). MS: 945.6 m/z
[M+H].

Example 32 - Compound 32

Compound 32: 2-((4-(((3-

(diethylamino)propoxy)carbonyl)oxy)dodecanoyl)oxy)propane-| ,3-diyl (92,97, 127,12'7)-
bis(octadeca-9, 12-dienoate)

o)
/\N/\/\O)J\O

Compound 32 was synthesized in 71% yield from Intermediate 31c and 3-
(diethylamino)propan-I-ol  using the method employed in Example 1. IHNMR (400 MHz,
CDCb) 85.43 - 5.28 (m, 9H), 5.25 (ddd, J= 5.8, 4.4, 1.5 Hz, 1H), 4.72 (tdd, J= 7.6, 5.4,
4.0 Hz, 1H), 4.29 (dd, J= 11.9, 4.4 Hz, 2H), 4.25 - 4.08 (m, 5H), 2.77 (td, J= 6.1, 1.1 Hz,
4H), 2.64 - 2.53 (m, 6H), 2.40 (dt, J= 8.7, 6.8 Hz, 2H), 2.31 (ddd, J= 8.0, 7.2, 1.1 Hz, 4H),
2.10 - 2.01 (m, 10H), 1.95 (dddd, J= 11.1, 9.2, 6.9, 3.5 Hz, 1H), 1.91 - 1.81 (m, 3H), 1.69
- 1.49 (m, 7H), 1.39- 1.20 (m, 42H), 1.05 (t, J= 7.2 Hz, 6H), 0.88 (td, J= 7.0, 4.9 Hz,
9H). MS: 974.0 m/z [M +H].

Example 33 - Compound 33

Compound 33: 2-((4-(((3-

(ethyl(methyl)amino)propoxy)carbonyl)oxy)dodecanoyl)oxy)propane-1,3-diy!
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)
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o)
/\N/\/\O)J\O
|
° o)
O\(\OJ]\/\/\/\/:\/W
(0]

Compound 33 was synthesized in 79% yield from Intermediate 31c and 3-
((methyl)ethylamino)propan-l-ol  using the method employed in Example 1.'H NMR (400
MHz, CDCb) 85.45 - 521 (m, 10H), 4.72 (tdd, J= 9.5, 6.7, 4.1 Hz, 1H), 4.38 - 4.25 (m,

5 2H), 425 - 410 (m, 4H), 2.77 (td, J= 6.2, 1.1 Hz, 4H), 2.51 - 2.38 (m, 6H), 2.37 - 2.27
(m, 5H), 2.24 (d, J= 2.4 Hz, 3H), 2.05 (q, J= 7.1 Hz, 8H), 1.97 - 1.83 (m, 4H), 1.70- 1.50
(m, 7H), 1.39- 1.21 (m, 41H), 1.06 (t, J= 7.2 Hz, 3H), 0.94 - 0.84 (m, 9H). 960.1 m/z
[M+H].
Example 34 - Compound 34
10 Compound 34: 2-((4-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

( o)

Compound 34 was synthesized in 59% yield from Intermediate 31c and NI-ethyl-
15  Nl-methylethane- 1,2-diamine using the method employed in Example 1. % NMR (400
MHz, CDCb) 85.44 - 5.13 (m, 10H), 4.75 (s, 1H), 4.28 (ddd, J= 11.9, 4.4, 1.4 Hz, 2H),
4.15 (ddd, J= 11.9, 5.8, 3.3 Hz, 2H), 3.25 (q, J= 5.7 Hz, 2H), 2.83 - 2.73 (m, 4H), 2.53 -
2.35 (m, 6H), 2.35 - 2.27 (m, 4H), 2.21 (d, J= 3.3 Hz, 3H), 2.05 (g, J= 6.8 Hz, 8H), 1.96 -
1.74 (m, 3H), 1.66- 1.43 (m, 7H), 1.41 - 1.21 (m, 41H), 1.05 (t, J= 7.1 Hz, 3H), 0.88 (td, J
20 =6.9, 5.6 Hz, 9H). 944.7 m/z [M+H].
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Example 35 - Compound 35
Compound 35: 2-((4-((((I-methylpyrrolidin-2-

yl)methyl)carbamoyl)oxy)dodecanoyl)oxy) propane- 1,3-diyl (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)
0]

\
<Nj/\N)J\O
H
(o]

Compound 35 was synthesized in 71% yield from Intermediate 31c and (1-
methylpyrrolidin-2-yl)methanamine using the method employed in Example 1.'HNMR
(400 MHz, CDCb) 85.44 - 5.21 (m, 10H), 4.86 - 4.66 (m, 1H), 4.28 (dd, J= 11.9, 4.4 Hz,
2H), 4.14 (ddd, J= 11.9, 5.8, 3.1 Hz, 2H), 3.48 - 3.35 (m, 1H), 3.22 - 3.00 (m, 2H), 2.83 -

10 271 (m, 4H), 2.47 - 2.19 (m, 12H), 2.04 (g, J= 6.9 Hz, 8H), 1.96 - 1.67 (m, 6H), 1.67 -

1.42 (m, 8H), 1.41 - 1.19 (m, 41H), 0.95 - 0.84 (m, 9H). 956.5 m/z [M+H].

Example 36 - Compound 36

Compound 36: 2-((4-(((3-(pyrrolidin-I-

yl)propoxy)carbonyl)oxy)dodecanoyl)oxy)propane-1,3-diyl (92,972,127,12'7)-
15  bis(octadeca-9, 12-dienoate)

O
@/\/\OJ\O
° O
O\E\OJ\/\/WW

Compound 36 was synthesized in 34% yield from Intermediate 31c and 3-
(pyrrolidin-I-yl)propan-I-ol  using the method employed in Example 1. IHNMR (400
MHz, CDCb) 65.43 - 5.22 (m, 9H), 4.72 (tdd, J= 7.4, 5.4, 4.0 Hz, 1H), 4.29 (dd, J= 11.9,

20 4.3 Hz 2H), 425 - 4.08 (m, 4H), 2.82 - 2.72 (m, 4H), 2.67 (t, J= 7.6 Hz, 5H), 2.47 - 2.27
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(m, 6H), 2.09 - 1.91 (m, 11H), 1.91 - 1.80 (m, 4H), 1.68 - 1.47 (m, 7H), 1.47 - 1.19 (m,
42H), 0.88 (td, J= 7.0, 4.8 Hz, 9H). 971.3 m/z [M+H].

Example 37 - Compound 37

Compound 37: 2-((4-(((2-

5  (ethyl(methyl)amino)ethyl)(methyl)carbamoyl)oxy)dodecanoyl)oxy) propane- 1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

( o)

/N\/\NJJ\O
|
° o)
O\COJ\/\/\/\/W
0

Compound 37 was synthesized in 67% yield from Intermediate 31c and NI-ethyl-
NI,N2-dimethylethane- 1,2-diamine using the method employed in Example 1. % NMR
10 (400 MHz, CDCb) 85.44 - 5.18 (m, 8H), 4.78 (s, 1H), 4.28 (dt, J= 11.9, 4.3 Hz, 2H), 4.14
(dd, J= 11.9, 5.8 Hz, 2H), 3.44 - 3.24 (m, 2H), 2.91 (d, J= 8.1 Hz, 3H), 2.81 - 2.71 (m,
4H), 2.60 - 2.21 (m, 12H), 2.05 (q, J= 6.9 Hz, 7H), 1.98 - 1.46 (m, 14H), 1.43 - 1.19 (m,
37H), 1.14 - 1.00 (m, 3H), 0.88 (td, J= 7.0, 5.3 Hz, 8H). 958.6 m/z [M+H].
Example 38 - Compound 38
15 Compound 38: 2-((4-(((2-

(dimethylamino)ethyl)(methyl)carbamoyl)oxy)dodecanoyl)oxy) propane- 1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

| 0]
/N\/\NJJ\O
|
° (o]
O\(\OWW
@)

Compound 38 was synthesized in 83% yield from Intermediate 31c and N1,N1,N2-
20  trimethylethane- 1,2-diamine using the method employed in Example 1. % NMR (400
MHz, CDCb) 05.43 - 5.19 (m, 8H), 4.78 (s, 1H), 4.28 (dt, J= 11.9, 4.1 Hz, 2H), 4.14 (dd,
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J= 119, 5.8 Hz, 2H), 3.37 (d, J= 23.8 Hz, 2H), 2.91 (d, J= 6.8 Hz, 3H), 2.82 - 2.72 (m,
4H), 2.54 - 2.21 (m, 13H), 2.04 (q, J= 6.7 Hz, 7H), 1.95 - 1.44 (m, 14H), 1.42 - 1.21 (m,
37H), 0.88 (td, J= 7.0, 5.3 Hz, 8H). 944.5 m/z [M+H].

Example 39 - Compound 39

5 Intermediate 39a: decylmagnesium bromide

/\(\/)/\MgBr

7

To asolution of Mg (10.99 g, 2 equiv) and 12 (0.0001 eq) in THF (250 mL) was
added drop wise 1-bromodecane (1.0 equiv) at 80 °C over 2 hr. After addition, the mixture
was stirred at this temperature for 2 h. The crude product decylmagnesium bromide was

10  obtained asblack brown solution that was immediately used into the next step without

further purification.

Intermediate 39b: 4-oxotetradecanoic acid

o

o
OH
A solution of succinic anhydride (45 g, 1.0 equiv) in THF (1.1 M) was cooled to -78
15  °C, followed by the addition of Intermediate 39a. The reaction was maintained at -78 °C for
2 h before being stirred a 15 °C for 16 h. The reaction was then quenched by the addition
of sat. NH4CI, diluted with H20, and extracted with EtOAc. The combined organic layers
were washed with brine, dried over Na2S04, filtered, and concentrated. Purification by
column chromatography afforded product asawhite solid (7.8 g, 7%). '"H NMR (400
20 MHz, CDCh) 32.74 (dd, J= 6.9, 5.2 Hz, 2H), 2.70 - 2.63 (m, 2H), 2.46 (t, J= 7.5 Hz, 2H),
1.67 - 1.54 (m, 2H), 1.29 (d, J= 5.2 Hz, 14H), 0.90 (t, J = 6.8 Hz, 3H).
Intermediate 39c: 2-((4-oxotetradecanoyl)oxy)propane-l,3-diyl  (92,97,127,12'7)-
bis(octadeca-9, 12-dienoate)

0]
° 0]
0 JW:VW
e
@)
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Intermediate 39c was prepared from Intermediates 39b and Intermediate |c using
the method employed for Intermediate Id. 3% NMR (400 MHz, CDCb) 6 5.42 - 5.18 (m,
9H), 4.28 (dd, J= 11.9, 4.3 Hz, 2H), 4.14 (dd, J= 11.9, 5.9 Hz, 2H), 2.74 (dt, J= 22.1, 6.8
Hz, 6H), 2.66 - 2.56 (m, 2H), 2.43 (t, J= 7.5 Hz, 2H), 2.31(t, J= 7.6 Hz, 4H), 2.04 (q, J =
6.8 Hz, 8H), 1.59 (tq, J= 14.2, 7.5 Hz, 7H), 1.41 - 1.18 (m, 44H), 0.88 (td, J= 6.9, 4.6 Hz,
OH).

Intermediate 39d: 2-((4-(((4-
nitrophenoxy)carbonyl)oxy)tetradecanoyl)oxy)propane-1,3-diyl (92,92, 127,12'2)-
bis(octadeca-9, 12-dienoate)

O,N \Q\Oj\o

To asolution of Intermediate 39c in MeOH (0.13 M) was added NaBHi (2.5 eq)
slowly at 5°C. The mixture was gtirred at this temperature for 2 h. The reaction mixture
was quenched by addition H20 and then extracted 2x with EtOAc. The combined organic
layers were washed with brine, dried over Na2SC>4, filtered and concentrated under reduced
pressure to give aresidue. The residue was purified by column chromatography to afford a
colorless oil that was immediately reconstituted in DCM (1 M), followed by the addition of
4-nitrophenylchloforomate (1.5 equiv) and pyridine (2 equiv) at 0 °C. The mixture was
stirred at 20 °C for 12 h, after which point the reaction mixture was concentrated under
reduced pressure to give aresidue. The residue was purified by column chromatography to
afford Intermediate 39d in 31% yield. ¥NMR (400 MHz, CDCb) & 8.33 - 8.22 (m, 2H),
7.46 - 7.33 (m, 2H), 5.43 - 5.23 (m, 9H), 4.31 (dd, J= 12.0, 4.3 Hz, 2H), 4.15 (dd, J= 12.0,
5.8 Hz, 2H), 2.76 (t, J= 6.3 Hz, 4H), 2.47 (t, J= 7.5 Hz, 2H), 2.30 (td, J= 7.6, 4.2 Hz, 4H),
2.04 (q, J= 7.3 Hz, 10H), 1.67 (dt, J= 47.7, 6.1 Hz, 7H), 1.30 (tq, J= 14.3, 4.9, 3.0 Hz,
53H), 0.88 (td, J= 6.8, 3.5 Hz, 10H).

Compound 39: 2-((4-(((2-
(ethyl(methyl)amino)ethyl)carbamoy!)oxy)tetradecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-hi s(octadeca-9, 12-dienoate)

194



WO 2020/118041 PCT/US2019/064663

( 0
H
° o)
O\(\O)J\/\/\/\/W
(0]

Compound 39 was synthesized in 78% yield from Intermediate 39d and NI-ethyl-
NI-methylethane- 1,2-diamine using the method employed forExample 1. 'HNMR (400
MHz, CDCb) 85.49 - 5.17 (m, 9H), 4.75 (s, 1H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.15

5 (ddd, J= 119, 5.9, 3.3 Hz, 2H), 3.26 (g, J= 6.0 Hz, 2H), 2.77 (t, J= 6.4 Hz, 4H), 2.52 -
2.27 (m, 10H), 2.23 (s, 3H), 2.05 (q, J= 6.8 Hz, 8H), 1.95 - 1.42 (m, 14H), 1.42- 1.18 (m,
40H), 1.05 (t, J= 7.1 Hz, 3H), 0.88 (td, J= 6.8, 4.5 Hz, 7H). 972.9 m/z [M+H].

Example 40 - Compound 40

Intermediate 40a: 4-hydroxydecanoic acid
OH

o

10 OH
To asolution of 5-hexyltetrahydrofuran-2-one (15 g, 1.0 equiv) in EtOH (240 mL)

and H20 (80 mL) was added NaOH (2.0 equiv). The reaction was stirred at 25 °C for 12 h.
The mixture was concentrated to remove EtOH. Then it was adjusted pH to 5by ag. 1N
HC1 and extracted 3x with EtOAc. The combined organic phase was washed with brine,
15  dried over Na2S04, filtered and concentrated in vacuo. The residue was purified by silica
gel chromatography (EtOAc/hexanes) to afford product as awhite solid (48%).
Intermediate 40b: 4-oxodecanoic acid
(o)

o)
OH
To asolution of NaH2P04 (17 equiv) and Na2HPO04 (2.4 equiv) in H20 (1000 mL)

20  was added Intermediate 40a (10 g, 1.0 equiv). Then NaClO (200 mL, 6~8% Cl) was added
to the solution. The reaction mixture was stirred at 25 °C for 12 h. To the mixture was then
added H3PO4 (200 mL, 85%) and silica gel (300 g). The mixture was dried under reduced
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pressure and washed 3x with EtOAc. The organic layer was concentrated under reduced
pressure to afford the crude product. Crude product was purified by silica gel
chromatography (EtoAc/hexanes) to afford product as awhite solid (80%). THNMR (400
MHz, CDCb) 62.70 (dd, J= 7.0, 5.3 Hz, 2H), 2.63 - 2.58 (m, 2H), 2.43 (t, J= 7.5 Hz, 2H),
5  158(qg, J= 7.4 Hz, 2H), 1.33 - 1.19 (m, 6H), 0.90 - 0.83 (M, 3H).
Intermediate 40c: 2-((4-oxodecanoyl)oxy)propane-l,3-diyl  (92,9'72,127,12'7)-
bis(octadeca-9, 12-dienoate)

(0]
0 0
SN PPN
e
(0]

Intermediate 40c was synthesized in 40% yield from Intermediate 40b and Intermediate |c

10 using the method employed for Example 1. % NMR (400 MHz, CDCb) 6 5.42 - 5.28 (m,
8H), 5.24 (tt, J= 5.9, 4.3 Hz, 1H), 4.28 (dd, J= 11.9, 4.3 Hz, 2H), 4.14 (dd, J= 11.9, 5.9
Hz, 2H), 2.73 (dt, J= 22.4, 6.7 Hz, 7H), 2.58 (t, J= 6.5 Hz, 2H), 2.43 (t, J= 7.5 Hz, 2H),
2.31(t, J= 7.6 Hz, 4H), 2.04 (q, J= 6.9 Hz, 8H), 1.59 (q, J= 6.7 Hz, 7H), 1.40- 1.22 (m,
35H), 0.88 (td, J = 6.8, 4.0 Hz, 9H).

15 Intermediate 40d: 2-((4-(((4-nitrophenoxy)carbonyl)oxy)decanoyl)oxy)propane-1,3-
diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

RO
OJ\O

Intermediate 40d was synthesized in 31% yield from Intermediate 40c using the
method employed for Intermediate le. % NMR (400 MHz, CDCb) 6 8.37 - 8.27 (m, 2H),

20  7.43(dd, J=9.1, 5.9 Hz, 2H), 5.45 - 5.24 (m, 9H), 4.34 (dd, J= 12.0, 4.3 Hz, 2H), 4.18
(dd, J= 11.9, 6.0 Hz, 2H), 2.79 (t, J= 6.3 Hz, 4H), 2.49 (t, J= 7.5 Hz, 2H), 2.41 - 2.30 (m,
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4H), 2.07 (g, J= 6.9 Hz, 9H), 1.83 - 1.58 (m, 7H), 1.48 - 1.12 (m, 37H), 1.00 - 0.82 (m,
9H).
Compound 40: 2-((4-(((2-
(ethyl(methyl)amino)ethyl)carbamoyl)oxy)decanoyl)oxy)propane-1,3-diyl
5 (92,92, 127, 12'7)-hi s(octadeca-9, 12-dienoate)

( o)

H
° 0]
O\(\O)J\/\/\/\/:\/:\/\/\
(0]

Compound 40 was synthesized in 53% yield from Intermediate 40d and NI-ethyl-
NI-methylethane- 1,2-diamine using the method employed forExample 1. IHNMR (400
MHz, CDCb) 85.44 - 5.19 (m, 9H), 4.76 (s, 1H), 4.32 - 4.22 (m, 2H), 4.15 (ddd, J= 11.9,

10 5.9, 3.4 Hz, 2H), 3.26 (s, 2H), 2.77 (t, J= 6.5 Hz, 4H), 257 - 2.36 (m, 6H), 2.36 - 2.27 (m,
4H), 2.23 (s, 3H), 2.05 (g, J= 6.6 Hz, 8H), 1.98 - 1.42 (m, 15H), 1.41 - 1.19 (m, 35H),
1.06 (t, J= 7.2 Hz, 3H), 0.88 (td, J=9.7, 8.2, 42 Hz, 9H). MS: 916.7 m/z [M+H].
Example 41- Compound 41

Intermediate 4la: 4-cyclohexyl-4-oxobutanoic  acid

O

(o)
15 OH
To a solution of succinic anhydride (30 g, 1.0 equiv) in Et20 (300 mL) was added
Cul (0.1 equiv). The mixture was cooled to -20 °C. Then, cyclohexyl magnesium bromide
(1.0 equiv) was added to the mixture. The reaction was warmed to 25 °C and stirred for 14
h. The reaction was gquenched with the addition of 1M ag. HC1 and stirred for 15 min. The
20 reaction was then filtered, and the filtrate was extracted 3x with DCM. The combined
organic layers were dried over Na2SC>4, filtered, and concentrated. The crude residue was
purified by column chromatography (EtOAc/hexanes) to afford product asapale pink solid
(13%). ¥NMR (400 MHz, CDCb) & 10.09 (s, 1H), 2.66 (dt, J= 55.4, 6.5 Hz, 4H), 2.35
(td, J= 10.8, 9.3, 5.2 Hz, 1H), 1.75 (ddd, J = 43.2, 36.6, 11.9 Hz, 5H), 1.46 - 1.09 (m, 5H).
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Intermediate 41b: 2-((4-cyclohexyl-4-oxobutanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

o]
0]
O
0 )]\/\/\/\/=\/=\/\/\
e
(o]

Intermediate 41b was synthesized in 34% yield from Intermediate 4l1a and

5 Intermediate |cusing the method employed for Example 1. 'H NMR (400 MHz, CDC13) &
5.42 - 528 (m, 8H), 5.24 (ddd, J= 10.2, 5.6, 4.2 Hz, 1H), 4.28 (dt, J= 11.9, 4.6 Hz, 2H),
4.14 (ddd, J= 11.9, 5.8, 2.3 Hz, 2H), 2.81 - 2.70 (m, 6H), 2.64 - 2.54 (m, 3H), 2.38 - 2.27
(m, 5H), 2.04 (g, J= 6.8 Hz, 8H), 1.89 - 1.55 (m, 11H), 1.40 - 1.20 (m, 34H), 0.88 (t, J=
6.8 Hz, 6H).

10 Intermediate 41c: 2-((4-cyclohexyl-4-(((4-

nitrophenoxy)carbonyl)oxy)butanoyl)oxy)propane-1,3-diyl (92,97,127,12'7)-bis(octadeca
9,12-dienoate)

RS
OJ\O

Intermediate 41c was synthesized in 14% yield from Intermediate 41b using the
15  method employed for Example 1. %:NMR (400 MHz, CDCb) 68.33 - 8.21 (m, 2H), 7.45
- 7.34 (m, 2H), 5.44 - 5.13 (m, 9H), 4.70 (ddd, J= 9.3, 6.1, 3.4 Hz, 1H), 450 (dd, J= 12.3,
3.9 Hz, 1H), 4.35 - 4.10 (m, 4H), 2.76 (t, J= 6.4 Hz, 4H), 2.50 - 2.40 (m, 2H), 2.38 - 2.22
(m, 4H), 2.04 (g, J= 6.9 Hz, 10H), 1.85- 1.52 (m, 10H), 1.49 - 1.00 (m, 31H), 0.88 (t, J=
6.8 Hz, 6H).
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Compound 41: 2-((4-cyclohexyl-4-(((2-
(ethyl(methyl)amino)ethyl)carbamoyl)oxy)butanoyl)oxy) propane- 1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

( o)

/N\/\N o
H

Compound 41 was synthesized in 60% yield from Intermediate 41d and Nl-ethyl-
NI-methylethane- 1,2-diamine using the method employed for Intermediate le. 'H NMR
(400 MHz, CDCh) &5.45 - 5.09 (m, 9H), 4.60 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 1.6 Hz,
2H), 4.15 (ddd, J= 11.9, 5.8, 2.9 Hz, 2H), 3.25 (s, 2H), 2.77 (t, J= 6.5 Hz, 4H), 2.54 - 2.15
(m, 12H), 2.05 (g, J= 6.7 Hz, 8H), 1.99 - 0.95 (m, 50H), 0.93 - 0.80 (M, 6H). MS: 914.5
m/z [M+H].

Example 42 - Compound 42

Intermediate 42a: 4-hydroxyoctanoic acid
OH

o
OH
Intermediate 42a was synthesized in 53% yield from 5-butyltetrahydrofuran-2-one
using the method employed for Intermediate 39b.
Intermediate 42b: 4-oxooctanoic acid
o]

o]
OH
Intermediate 42b was synthesized in 61% yield from Intermediate 42a using the
method employed for Intermediate 38b. ¥:/NMR (400 MHz, CDCh) 6 2.65 (ddd, J= 7.0,
5.8, 1.1 Hz, 2H), 2.56 (ddd, J= 7.1, 6.0, 1.2 Hz, 2H), 2.38 (t, J= 7.5 Hz, 2H), 1.56 - 1.44
(m, 2H), 1.30- 1.17 (m, 2H), 0.84 (t, J= 7.3 Hz, 3H).
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Intermediate 42c: 2-((4-oxooctanoyl)oxy)propane-l,3-diyl  (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)

0]
o)
0
0 JJ\/\/W:\/W
e
(@)

Intermediate 42c was synthesized in 29% yield from Intermediate 42b and
5 Intermediate |cusing the method employed for Example 1.'H NMR (400 MHz, CDCb) &

5.35 (tq, J= 18.2, 9.4, 7.6 Hz, 8H), 5.24 (t, J= 5.3 Hz, 1H), 4.28 (dd, J= 12.0, 3.9 Hz, 2H),
4.14 (dd, J= 12.1, 5.8 Hz, 2H), 2.74 (dt, J = 20.9, 6.7 Hz, 6H), 2.59 (d, J = 6.6 Hz, 2H),
2.43 (t, J= 7.6 Hz, 2H), 2.31 (t, J= 7.7 Hz, 4H), 2.04 (g, J= 7.0 Hz, 8H), 1.60 (t, J= 7.5
Hz, 8H), 1.31 (d, J= 14.1 Hz, 29H), 0.88 (t, J= 6.9 Hz, 9H).

10 Intermediate 42d: 2-((4-(((4-nitrophenoxy)carbonyl)oxy)octanoyl)oxy)propane-1,3-
diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

A
O)J\O

Intermediate 42d was synthesized in 51% yield from Intermediate 40c using the
method employed for Intermediate le. % NMR (400 MHz, CDCb) 6 8.28 (dd, J= 7.8, 4.7
15  Hz, 2H), 7.47 - 7.36 (m, 2H), 5.32 (dp, J= 19.8, 9.2 Hz, 8H), 5.17 (s, 1H), 4.87 (d, J= 7.3
Hz, 1H), 4.49 (d, J= 12.2 Hz, 1H), 4.36 - 4.09 (m, 4H), 2.75 (d, J = 6.7 Hz, 4H), 2.49 (dt, J
=238, 7.9 Hz, 2H), 2.42 - 2.14 (m, 5H), 2.03 (q, J= 7.2 Hz, 10H), 1.73 (s, 1H), 1.61 (dd, J
=238, 11.9 Hz, 6H), 1.31 (d, J = 14.4 Hz, 30H), 0.89 (tt, J= 9.5, 7.0, 2.7 Hz, 9H).
Compound 42: 2-((4-(((2-
20  (ethyl(methyl)amino)ethyl)carbamoyl)oxy)octanoyl)oxy)propane-1,3-diyl
(92,97, 127, 12'7)-his(octadeca-9, 12-dienoate)
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Compound 42 was synthesized in 93% yield from Intermediate 42d and NlI-ethyl-
NI-methylethane- 1,2-diamine using the method employed forExample 1. HNMR (400
MHz, CDCh) &5.43 - 5.10 (m, 11H), 4.76 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 1.3 Hz, 2H),
4.15 (ddd, J= 11.8, 5.8, 3.3 Hz, 2H), 3.25 (s, 2H), 2.77 (t, J= 6.5 Hz, 4H), 2.39 (ddd, J =
8.7, 6.6, 4.3 Hz, 6H), 2.35 - 2.28 (m, 4H), 2.22 (s, 3H), 2.05 (g, J= 6.7 Hz, 8H), 1.96 -
1.74 (m, 3H), 1.61 (s, 11H), 1.42 - 1.22 (m, 34H), 1.10- 0.99 (m, 3H), 0.95 - 0.83 (m,
OH).

Example 43 - Compound 43

Intermediate 43a: sodium 4-hydroxybutanoate

(
HO\/\)l ONa

To amixture of tetrahydrofuran-2-one (10 g, 1.0 equiv) in H20 (100 mL) was added
NaOH (4.0 equiv), and the mixture was degassed and purged 3x with N2. The mixture was
gtirred at 25 °C for 24 hr under N 2atmosphere. The reaction mixture was then concentrated
under reduced pressure to afford the crude residue was acolorless oil that was used in the
next step without further purification (12 g, crude).

Intermediate 43b: benzyl 4-hydroxybutanoate

0]

|-IO\/\)J\OBn

To amixture of Intermediate 43a (12 g, 1.0 equiv) in acetone (100 mL) was added
TBAB (0.05 equiv) and benzyl bromide (1.2 equiv), and the mixture was degassed and
purged 3x with N2. The mixture was stirred at 60 °C for 12 hr under N 2atmosphere. The
reaction mixture was then concentrated under reduced pressure, and the resulting residue
was diluted with EtOAc and washed |x each with 1N NaHsCri, NaHCCh and H20O. The

organic layer was dried over Na2SC>4, filtered and concentrated, and the crude residue was
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purified by column chromatography (EtOAc/hexanes) to afford product asa colorless ail
(43%).
Intermediate 43c: benzyl 4-(((4-nitrophenoxy)carbonyl)oxy)butanoate

W
O)J\O/\/\H/OBn

0]

To amixture of Intermediate 43b (59, 1.0 equiv) in DCM (150 mL) was added 4-
nitrophenyl chloroformate (1.0 equiv), and the mixture was degassed and purged 3x with
N2. The reaction was cooled to 0 °C followed by the addition of pyridine (2.0 equiv). The
reaction was dtirred for 25 °C for 5 h under N 2atmosphere. The reaction mixture was then
concentrated under reduced pressure, diluted with hexanes, and filtered. The filtrate was
washed 10x with H20, and the combined organic layers were washed with brine, dried over
Na2SC>4, filtered, and concentrated. Crude material was purified by column chromatography
to afford product asayellow oil (32%).

Intermediate 43d: benzyl 4-(((2-

(ethyl (methyl)amino)ethyl)carbamoyl)oxy)butanoate

\ JOJ\
N OB

o)

To amixture of Intermediate 43c (3 g, 1.0 equiv) in MeCN (50 mL) was added NI-
ethyl-NI-methylethane-  1,2-diamine (2.5 equiv), pyridine (3.0 equiv), and DMAP (1.0
equiv). The mixture was degassed and purged 3x with N2, and the mixture was stirred at 70
°C for 12 h under N2. The reaction mixture was then concentrated under reduced pressure,
and the crude residue was purified by column chromatography to afford product asayellow
oil (56%). % NMR (400 MHz, CDCb) &7.33 - 7.23 (m, 4H), 5.24 (d, J= 12.8 Hz, 1H),
5.05 (s, 2H), 4.04 (dt, J= 12.9, 6.7 Hz, 2H), 3.19 (g, J= 5.8 Hz, 2H), 3.00 (s, 1H), 2.39 (dt,
J= 104, 6.6 Hz, 6H), 2.13 (s, 3H), 1.89 (p, J= 6.9 Hz, 2H), 0.98 (t, J= 7.1 Hz, 3H).

Intermediate 43e: 4-(((2-(ethyl (methyl)amino)ethyl)carbamoyl)oxy)butanoic acid

\ j)]\
N OH
e V\H o/\/\n/

o)
A mixture of Intermediate 43d (1.5 g, 1.0 equiv) in MeOH (30 mL) was added Pd/C
(10% wt, 0.05 equiv), and the mixture was degassed and purged 3x with H2. The reaction
mixture was stirred at 25 °C for 1 h under H2atmosphere, after which point the filtrate was

202



WO 2020/118041 PCT/US2019/064663

concentrated to afford a crude residue that was used in the next step without further
purification. ¥4 NMR (400 MHz, CDsOD) § 4.11 (t, J= 6.3 Hz, 2H), 3.49 (t, J= 6.0 Hz,
2H), 3.29 - 3.21 (m, 5H), 2.89 (s, 3H), 2.38 (t, J= 7.2 Hz, 2H), 1.92 (p, J= 6.7 Hz, 2H),
1.34 (t, J= 7.3 Hz, 3H).

5 Compound 43: 2-((4-(((2-
(ethyl (methyl)amino)ethyl)carbamoy!)oxy)butanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

)‘l\/\ JOJ\O

N
H

0]
0]

Compound 43 was synthesized in 45% yield from Intermediate 43d and
10  Intermediate |cusing the method employed for Intermediate Id. *H NMR (400 MHz,
CDCh) 85.43 - 5.22 (m, 9H), 4.29 (dd, J= 11.9, 4.4 Hz, 2H), 4.18 - 4.06 (m, 4H), 3.25 (q,
J=58Hz, 2H), 2.76 (t, J= 6.4 Hz, 4H), 2.43 (dt, J= 10.5, 7.3 Hz, 6H), 2.31 (t, J= 7.6 Hz,
4H), 2.20 (s, 3H), 2.04 (q, J= 6.9 Hz, 8H), 1.95 (g, J= 6.9 Hz, 2H), 1.59 (d, J= 7.1 Hz,
7H), 1.40 - 1.22 (m, 26H), 1.04 (t, J= 7.1 Hz, 3H), 0.88 (t, J= 6.8 Hz, 6H).
15 Example 44 - Compound 44
Compound 44: 2-((4-((((I-methylpyrrolidin-2-
yl)methyl)carbamoyl)oxy)decanoyl)oxy)propane-1,3-diyl ~ (92,9'Z, 127, 12'Z)-bis(octadeca-
9,12-dienoate)

20 Compound 44 was synthesized in 35% yield from Intermediate 40d and (1-
methylpyrrolidin-2-yl)methanamine using the method employed for Intermediate le. 'H
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NMR (400 MHz, CDCb) §5.44 - 5.20 (m, 9H), 5.16 (s, 1H), 4.76 (s, 1H), 4.28 (dd, J=
11.9, 4.4 Hz, 2H), 4.15 (ddd, J= 11.9, 5.8, 3.0 Hz, 2H), 3.39 (s, 1H), 3.10 (d, J = 27.2 Hz,
2H), 2.81 - 2.73 (m, 4H), 2.43 - 2.18 (m, 11H), 2.05 (g, J= 6.7 Hz, 8H), 1.96 - 1.42 (m,
17H), 1.30 (dqt, J= 12.8, 8.8, 5.4 Hz, 36H), 0.92 - 0.83 (m, 9H). MS: 928.9 m/z [M +H].
5 Example 45- Compound 45
Compound 45: 2-((4-(((3-(pyrrolidin-I-

yl)propoxy)carbonyl)oxy)decanoyl)oxy)propane-1,3-diyl (92,972,127,12'7)-bis(octadeca-
9,12-dienoate)
0]

@/\/\OJ\O

10 Compound 45 was synthesized in 52% yield from Intermediate 40d and 3-
(pyrrolidin-l-yl)propan-1-ol  using the method employed for Example 1. % NMR (400
MHz, CDCb) 85.44 - 521 (m, 9H), 4.72 (ddd, J= 11.3, 8.8, 5.7 Hz, 1H), 4.29 (dd, J =
11.9, 4.3 Hz, 2H), 4.25 - 4.10 (m, 4H), 2.81 - 2.74 (m, 4H), 2.59 (s, 5H), 2.40 (cit, J= 8.6,
6.4 Hz, 2H), 2.36 - 2.27 (m, 4H), 2.05 (g, J= 6.7 Hz, 8H), 1.98- 1.78 (m, 9H), 1.67 - 151

15  (m, 7H), 141 - 1.21 (m, 36H), 0.88 (td, J= 7.0, 5.0 Hz, 9H). MS: 943.8 m/z [M+H].

Example 46 - Compound 46
Compound 46: 2-((4-(((2-(pyrrolidin-I-

yl)ethyl)carbamoyl)oxy)hexadecanoy!)oxy)propane-1,3-diyl (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)

Cho X

20 OWW
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Compound 46 was synthesized in 53% yield from Intermediate |eand 2-
(pyrrolidin-l-yl)ethan-I  -amine using the method employed for Example 1. % NMR (400
MHz, CDCb) 05.55 (s, 1H), 5.46 - 5.21 (m, 9H), 4.75 (s, 1H), 4.28 (dd, J= 11.9, 4.4 Hz,
2H), 4.15 (ddd, J= 11.9, 5.8, 3.6 Hz, 2H), 3.35 (d, J= 6.0 Hz, 2H), 2.81 - 2.60 (m, 9H),

5 239 (ddd, J= 8.6, 6.7, 3.8 Hz, 2H), 2.31 (t, J= 7.6 Hz, 4H), 2.05 (q, J= 6.8 Hz, 8H), 1.84
(s, 7H), 1.66 - 1.19 (m, 55H), 0.88 (td, J= 7.0, 4.3 Hz, 9H). MS: 1012.5 m/z [M+H].
Example 47 - Compound 47
Compound 47: 2-((4-((((1-methyl piperidin-4-

yl)oxy)carbonyl)oxy)hexadecanoyl)oxy)propane-l,3-diyl (92,92,127,12'7)-his(octadeca
10  9,12-dienoate)

To asolution of Intermediate |e (250 mg, 1.0 equiv) in MeCN (0.1 M) was added
pyridine (3.0 equiv), I-methylpiperidin-4-ol (1.5 equiv), and DMAP (1.0 equiv). The
reaction was stirred for 18 h at room temperature. An additional portion of 1-

15  methylpiperidin-4-ol (3.0 equiv) was added, and the mixture was heated to 50 °C. After 2 h,
an additional portion of DMAP (1.0 equiv) was added, and the reaction was maintained for
another 2 h. Upon completion, heptane (0. 1M) was then added to the reaction mixture, and
the heptane layer was washed 3x with MeCN. The combined MeCN layers were back-
extracted three times with heptane, and the combined heptane layers were washed one fina

20  time with MeCN. Heptane was then removed in vacuo, and crude material was purified by
column chromatography (MeOH/DCM) to afford product as acolorless oil (62 mg, 32%).
IHNMR (400 MHz, CDCb) 05.44 - 5.20 (m, 9H), 4.77 - 4.60 (m, 2H), 4.29 (dd, J= 11.9,
4.4 Hz, 2H), 4.14 (ddd, J= 11.9, 5.8, 3.6 Hz, 2H), 2.83 - 2.66 (m, 6H), 2.46 - 2.26 (m,
11H), 2.08 - 1.71 (m, 18H), 1.71 - 1.47 (m, 8H), 1.40 - 1.21 (m, 47H), 0.88 (td, J= 7.0, 4.2

25 Hz, 9H). MS: 1013.7 m/z [M+H].
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Example 48 - Compound 48
Compound 48: 2-((4-(((3-(bis(2-

hydroxyethyl)amino)propyl)carbamoyl)oxy)hexadecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

o)
HO\/\N/\/\NJ\O
Ho H
° 0
O\COWW

To a solution of Intermediate | e (250 mg, 1.0 equiv) in MeCN (0.1 M) was added
pyridine (3.0 equiv) and 2-[(3-aminopropyl)(2-hydroxyethyl)amino]ethan-I-ol (1.5 equiv).
The reaction was stirred for 2 h a room temperature. Upon completion, heptane (0.1 M)
was then added to the reaction mixture, and the heptane layer was washed 3x with MeCN.
10  The combined MeCN layers were back-extracted three times with heptane, and the
combined heptane layers were washed one final time with MeCN. Heptane was then
removed in vacuo, and crude material was purified by column chromatography
(MeOH/DCM) to afford product as a colorless oil (97 mg, 48%). ‘H NMR (400 MHz,
CDCb) 85.43 - 5.20 (m, 9H), 4.76 (s, 1H), 4.29 (ddd, J= 11.9, 4.6, 1.8 Hz, 2H), 4.16 (dd,
15 J=11.9, 5.8 Hz, 2H), 3.72 (t, J= 5.0 Hz, 4H), 3.35 - 3.22 (m, 2H), 2.98 - 2.46 (m, 14H),
2.41 - 2.28 (m, 6H), 2.09 - 1.86 (m, 9H), 1.80 (dd, J= 14.2, 7.2 Hz, 3H), 1.67 - 1.42 (m,
7H), 1.42 - 1.18 (m, 46H), 0.88 (td, J= 7.0, 4.3 Hz, 9H). MS: 1060.6 m/z [M+H].
Example 49 - Comparative_ Compound 49
Compound 49: 3-((4,4-bis(octyloxy)butanoyl)oxy)-2-((((3-

20  (diethylamino)propoxy)carbonyl)oxy)methyl)propyl (92, 127)-octadeca-9, 12-dienoate

0
/\N/\/\OJ\O o
) \\(\0 - -
(o}
OMO\NV\/
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Compound 49 was synthesized according to methods described in WO 2015/095340 A1
(Example 13). 1H NMR (CDC13, 400 MHz) & 5.35 (m, 4H), 4.48 (t, J= 5.6 Hz, 1H), 4.17
(m, 8H), 3.56 (m, 2H), 3.40 (m, 2H), 2.77 (t, J= 6.6 Hz, 2H), 2.55 (q, J= 7.2 Hz, 6H), 2.40
(m, 3H), 2.30 (t, J= 7.6 Hz, 2H), 2.05 (q, J= 6.8 Hz, 4H), 1.92 (m, 2H), 1.84 (m, 2H), 1.57
(m, 6H), 1.30 (m, 34H), 1.03 (t, J= 7.2 Hz, 6H), 0.88 (m, 9H) ppm; MS: 853 m/z [M+H].
Example 50 - Compound 50

Compound 50: 2-((4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)decanoyl)oxy)propane-l,3-
diyl (92,92, 127, 12'7)-bis(octadeca-9, 12-dienoate)

Chon L

Compound 50 was synthesized in 36% yield from Intermediate 40d and 2-(pyrrolidin-I-
yl)ethan-l -amine using the method employed for Example 1. %2 NMR (400 MHz, CDCb) 0
5.49 - 529 (m, 8H), 5.27 - 5.20 (m, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.15
(ddd, J= 11.9, 5.8, 3.8 Hz, 2H), 3.35 (s, 2H), 2.83 - 2.44 (m, 10H), 2.39 (ddd, J= 84, 6.7,
3.3 Hz, 2H), 2.36 - 2.25 (m, 4H), 2.05 (g, J= 6.8 Hz, 8H), 1.98 - 1.43 (m, 15H), 1.42 -

1.20 (m, 33H), 0.89 (td, J= 6.1, 5.4, 0.9 Hz, 9H). MS: 928.6 m/z [M+H].

Example 51- Compound 51

Compound 51: 2-((4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)dodecanoyl)oxy) propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

C"‘JV\NJ?\O
H
© 0
0\?0)1\/\/\/\/q/=\/\/\
0
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Compound 51 was synthesized in 27% yield from Intermediate 31c and 2-(pyrrolidin-I-
yl)ethan-I -amine using the method employed for Example 1. %2 NMR (400 MHz, CDCb) &
5.55 (s, 1H), 5.44 - 5.28 (m, 8H), 5.28 - 5.22 (m, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9, 4.4
Hz, 2H), 4.15 (ddd, J= 11.9, 5.8, 3.9 Hz, 2H), 3.37 (s, 2H), 2.83 - 2.51 (m, 10H), 2.39
(ddd, J= 8.4, 6.8, 3.1 Hz, 2H), 2.35 - 2.27 (m, 4H), 2.05 (q, J= 6.7 Hz, 8H), 1.97 - 141

(m, 17H), 1.41 - 1.20 (m, 40H), 0.94 - 0.84 (m, 9H). MS: 957.0 m/z [M+H].

Example 52 - Compound 52

Intermediate 52a: benzyl 3-hydroxyundecanoate
OH

r\/\/\/v

O~ OBn

To asolution of THF (150 mL) at 66 °C under N 2was added Zn (22.99 g, 1.0 equiv.) and
nonanal (25 g, 1.0 equiv.) dropwise. Next, benzyl 2-bromoacetate (50.00 g, 1.24 eq) was
added to the reaction mixture dropwise slowly and carefully. Upon compete addition of
benzyl 2-bromoacetate, the mixture was cooled and stirred at 20 °C for 2 h. The reaction
mixture was then concentrated under reduced pressure to remove THF, and the resulting
residue was diluted with water and extracted 3x with EtOAc. The combined organic layers
were concentrated under reduced pressure and purified by column chromatography to
afford product asayellow oil (25 g, 49%). % NMR (400 MHz, CDCb) & 7.33 - 7.24 (m,
5H), 5.09 (s, 2H), 3.95 (tt, J= 7.7, 3.8 Hz, 1H), 2.75 (d, J= 3.9 Hz, 1H), 2.56 - 2.35 (m,
2H), 1.54- 1.11(m, 18H), 0.81 (t, J= 6.7 Hz, 3H).

Intermediate 52b: benzyl 3-(((4-nitrophenoxy)carbonyl)oxy)undecanoate

0~ OBn
To asolution of Intermediate 52a (25 g, 1.0 equiv.) in DCM (250 mL) was added (4-
nitrophenyl) carbonochloridate (17.23 g, 1.0 equiv.) and pyridine (13.80 mL, 2.0 equiv.)
under N 2atmosphere. The mixture was stirred at 20 °C for 2 h. Upon completion,
the reaction mixture was concentrated under reduced pressure to remove DCM, and the
resulting residue was diluted with water and extracted 3x with EtOAc. The combined

organic layers were concentrated under reduced pressure and purified by column
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chromatography to afford product asa colorless oil (12 g, 31%). 'HNMR (400 MHz,
CDCb) 6831 - 8.01 (m, 4H), 7.28 (s, 5H), 5.22 - 5.14 (m, 2H), 5.13 - 5.01 (m, 4H), 2.68
(dd, J= 14.8, 6.4 Hz, 3H), 1.75- 1.64 (m, 2H), 1.30- 1.19 (m, 18H), 0.80 (t, J= 6.6 Hz,
3H).

Intermediate 52c: benzyl 3-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)undecanoate

( o
Hr\/\/\/\/
O~ '0OBn

To asolution of Intermediate 52b (14 g, 1.0 equiv.) and N'-ethyl-N'-methyl-ethane- 1,2-
diamine (6.25 g, 2.0 equiv.) in MeCN (400 mL) was added pyridine (7.41 mL, 3.0 equiv.)
and DMAP (3.74 g, 1.0 equiv.). The mixture was stirred at 20 °C for 12 h. Upon
completion, the reaction mixture was concentrated under reduced pressure to remove
MeCN, and the resulting residue was diluted with water and extracted 3x with EtOAc.The
combined organic layers were concentrated under reduced pressure and purified by column
chromatography to afford product asa colorless oil (6 g, 47%). ‘"H NMR (400 MHz,
CDCb) 6 7.39- 7.28 (m, 5H), 5.11(s, 4H), 3.21 (h, J= 6.8 Hz, 2H), 2.62 (id, J= 14.4,
13.6, 6.4 Hz, 2H), 2.50 - 2.39 (m, 4H), 1.59 (h, J= 8.2 Hz, 2H), 1.25 (d, J= 16.1 Hz, 14H),
1.03 (t, J= 7.2 Hz, 3H), 0.86 (t, J= 6.7 Hz, 3H).

Intermediate 52d: 3-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)undecanoic  acid

r o

/N\/\NJ\O

H J/\)\/\/\/\/

O” OH

To asolution of Intermediate 52c (6 g, 1.0 equiv) in MeOH (60 mL) was added Pd/C (2 g,
10% wi/w). The mixture was stirred at 20 °C for 2 h under H2. The reaction mixture was
then filtered, and the filtrate was concentrated under reduced pressure to give aresidue. The
residue was purified by column chromatography to afford product asabrown oil. ‘H NMR
(400 MHz, CDCb) 6 12.76 (s, 1H), 6.28 (t, J= 5.8 Hz, 1H), 5.01 (p, J= 6.1, 5.6 Hz, 1H),
3.30 (qq, J= 138, 6.0 Hz, 2H), 2.70 (hd, J= 12.1, 11.0, 5.4 Hz, 3H), 2.37 (d, J= 14.1 Hz,
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4H), 151 (ddg, J= 21.6, 14.2, 6.7 Hz, 2H), 1.34 - 1.14 (m, 11H), 1.10 (t, J= 7.1 Hz, 3H),
0.80 (t, J= 6.7 Hz, 3H).

Compound 52: 2-((3-(((2-
(ethyl (methyl)amino)ethyl)carbamoyl)oxy)undecanoyl)oxy)propane-1,3-diyl
(92,9'2,127,12'Z)-bis(octadeca-9,12-dienoate)

To asolution of Intermediate 52d (1.0-1. 1 equiv.) and Intermediate |c (1.0-1.1 equiv.) in
DCM (0.1-0.25 equiv.) was added DMAP (0.25 equiv.), DIPEA (3.5 equiv.), and EDCI
(1.5 equiv.) in sequence. The reaction was stirred at 23 °C for at least 16 h. Additional
DMAP (0.25 equiv.) was added to the reaction, and the reaction was stirred at 23 °C for
another 6 h. The reaction was then quenched by the addition of water, washed [x with 1M
HC1 and |x with 5% NaHCCb. The organic layer was dried over Na2SC>4, filtered, and
concentrated. Purification by column chromatography afforded product asacolorless oil
(28%). THNMR (400 MHz, CDCb) &5.53 - 5.28 (m, 8H), 5.24 (s, 1H), 5.08 (s, 1H), 4.28
(ddd, J= 15.9, 11.9, 4.5 Hz, 2H), 4.15 (dt, J= 13.4, 6.8 Hz, 2H), 2.77 (t, J= 6.5 Hz, 4H),
2.59 (tt, J= 15.9, 9.0 Hz, 6H), 2.37 - 2.14 (m, 6H), 2.05 (g, J= 6.8 Hz, 7H), 159 (d, J =
14.2 Hz, 12H), 1.46 - 0.97 (m, 42H), 0.96 - 0.81 (m, 9H). MS: 930.8 m/z [M+H].
Example 53 - Compound 53

Intermediate 53a: 2-(hydroxymethyl)propane-1,3-diyl (92,9Z,127,12'2)-bis(octadeca-9,12-

dienoate)

To asolution of linoleic acid (20 g, 1.0 equiv.) and 2-(hydroxymethyl)propane-1,3-diol
(7.57 g, 1.0 equiv.) in DCM (200 mL) was added EDCI (13.67 g, 1.0 equiv.), DMAP (1.39
g, 0.16 equiv.) and DIPEA (37.27 mL, 3.0 equiv.). The mixture was stirred at 20 °C for 2
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hr. Upon completion, the reaction mixture was concentrated under reduced pressure to
remove DCM, and the resulting residue was diluted with water and extracted 3x with
EtOAc. The combined organic layers were washed with brine, dried over Na2S04, filtered,
and concentrated in vacuo. The crude residue was purified by column chromatography
(EtOAc/hexanes) to afford product asa colorless oil (6.3 g, 11%). ‘H NMR (400 MHz,
CD30D) 5.44 - 5.30 (m, 8H), 4.17 (qd, J= 11.1, 6.0 Hz, 4H), 3.63 (d, J= 6.0 Hz, 2H),
2.80 (t, J=6.1 Hz, 4H), 2.35 (t, J= 7.4 Hz, 4H), 2.21 (h, J= 6.0 Hz, 1H), 2.14 - 2.03 (m,
8H), 1.64 (p, J= 7.4 Hz, 4H), 1.46 - 1.28 (m, 27H), 0.93 (t, J= 6.7 Hz, 6H).

Compound 53: 2-(1 I-methyl-5-octyl-3,7-dioxo-2,6-dioxa-8,  |-diazatridecyl)propane-l,3-
diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

0O
d
O J/i\/\/o\/\/
K(\O)WW

Compound 53 was synthesized in 45% yield from Intermediate 52d and Intermediate 53a
using the method employed for Compound 52. % NMR (400 MHz, CDCh) 6 5.48 - 5.24
(m, 8H), 5.07 (t, J= 6.5 Hz, 1H), 4.20 - 4.07 (m, 6H), 2.77 (t, J= 6.5 Hz, 4H), 2.62 - 2.46
(m, 4H), 2.45 - 2.37 (m, 2H), 2.34 - 2.15 (m, 6H), 2.05 (q, J= 6.8 Hz, 8H), 1.43 - 0.97 (m,
43H), 0.95 - 0.83 (M, 9H). MS: 944.8 m/z [M+H].

Example 54 - Compound 54

Intermediate 54a benzyl 4-hydroxydodecanoate
OH

OBn
To a solution of 5-octyltetrahydrofuran-2-one (20 g, 1.0 equiv.) in water (200-250 mL) was
added NaOH (1.1 equiv.). The mixture was stirred at 20 °C for 24 hr under N 2 atmosphere.
Next, the reaction mixture was concentrated under reduced pressure to remove solvent

water. The resulting crude material was reconstituted in acetone (200 mL) followed by the
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addition of TBAB (0.05 equiv.) and BnBr (1.2-1.5 equiv.). The mixture was heated to 60
°C and stirred for 12 h under N 2 atmosphere. Upon completion, the mixture was
concentrated under reduced pressure, and the resulting residue was poured into sat.
NaHCCDb solution. The product was extracted 3x with EtOAc, and the combined organic
layers were washed with brine, dried over Na2S04, filtered, and concentrated in vacuo. The
crude residue was purified by column chromatography (EtOAc/hexanes) to afford product
asacolorless oil (20 g, 39%). ¥NMR (400 MHz, CDCb) 6 7.45 - 7.29 (m, 5H), 5.12 (s,
2H), 3.65 - 3.57 (m, 1H), 2.51 (td, J= 7.2, 2.7 Hz, 2H), 1.86 (dtd, J= 14.6, 7.4, 3.5 Hz,
1H), 1.71 (ddd, J= 14.2, 8.6, 7.1 Hz, 1H), 161 (d, J= 5.0 Hz, 1H), 1.52 - 1.17 (m, 17H),
0.88 (t, J= 6.7 Hz, 3H).

Intermediate 54b: benzyl 4-(((4-nitrophenoxy)carbonyl)oxy)dodecanoate

O,N
i \oJ\o

OBn
To asolution of Intermediate 54a (10 g, 1.0 equiv.) in DCM (80-100 mL) was added (4-
nitrophenyl) carbonochloridate (1.5 equiv.). The reaction was degassed and purged 3x with
N 2and cooled to O °C before the addition of pyridine (2.0 equiv.). The reaction mixture was
stirred a 20 °C for 5 h under N 2atmosphere. Upon completion, the mixture was
concentrated under reduced pressure and the resulting residue was reconstituted in hexanes
and filtered. The resulting filtrate was washed 3x with water, and the organic layer was
washed with brine, dried over Na2S04, filtered, and concentrated in vacuo. The crude
residue was purified by column chromatography (EtOAc/hexanes) to afford product asa
colorless ail (9 g, 29%). ¥NMR (400 MHz, CDCb) & 8.27 (dd, J=9.8, 7.8 Hz, 2H), 7.50
- 7.30 (m, 8H), 5.12 (d, J= 8.3 Hz, 2H), 4.87 (ddt, J= 12.2, 7.3, 4.1 Hz, 1H), 2.50 (t, J=
7.5 Hz, 2H), 2.16 - 2.06 (m, 1H), 1.99 (dqg, J= 14.8, 7.5 Hz, 1H), 1.73 (ddd, J = 14.0, 12.0,
7.0 Hz, 1H), 1.63 (tt, J= 8.6, 4.5 Hz, 1H), 1.45- 1.19 (m, 12H), 0.94 - 0.84 (m, 3H).
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Intermediate 54c: benzyl 4-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoate

P

H

OBn
To asolution of Intermediate 54b (9 g, 1.0 equiv.) in MeCN (45-90 mL) was added N'-
ethyl-N'-methyl-ethane- 1,2-diamine (1.5- 2.5 equiv.), pyridine (3-4 equiv.), and DMAP
(2.33 g, 1.0 equiv.), and the resulting mixture was degassed and purged 3x with N2. The
reaction heated to 70 °C and stirred for 2 h under N 2 atmosphere. Upon completion, the
mixture was concentrated to remove solvent, and the resulting residue was diluted with
EtOAc, washed 3x with sat. NaHCCb, and 3x with water. The organic layer was then dried
over Na2S04, filtered, and concentrated in vacuo. The crude residue was purified by column
chromatography (EtOAc/hexanes) to afford product asapale yellow oail (5 g, 60%). ‘H
NMR (400 MHz, CDCb) 6 7.38 - 7.22 (m, 5H), 5.04 (s, 2H), 4.69 (s, 1H), 3.16 (g, J= 6.0
Hz, 2H), 2.45 - 2.27 (m, 6H), 2.13 (s, 3H), 1.95 - 1.71 (m, 2H), 1.40 (d, J= 7.3 Hz, 2H),
1.34- 1.09 (m, 13H), 0.96 (t, J= 7.1 Hz, 3H), 0.80 (t, J= 6.7 Hz, 3H).

Intermediate 54d: 4-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoic  acid

P

/N\/\N o
H

OH
To asolution of Intermediate 54c (6 g, 1.0 equiv) in MeOH (60 mL) was added Pd/C (1.8 g,
10% wi/w). The mixture was stirred at 20 °C for 5 h under H2. The reaction mixture was
then filtered, and the filtrate was concentrated under reduced pressure to give aresidue. The
residue was purified by column chromatography to afford product asabrown oil (3.2 g,
67%). ¥ NMR (400 MHz, CD30D) 54.76 (dp, J= 8.1, 4.1 Hz, 1H), 3.65 (dt, J= 14.0, 7.0
Hz, 1H), 3.28 - 3.10 (m, 4H), 3.07 (ddd, J= 11.3, 7.5, 2.1 Hz, 1H), 2.79 (s, 3H), 2.27 (ddd,
J= 140, 82, 44 Hz, 1H), 2.20 - 1.99 (m, 2H), 1.86 - 1.74 (m, 1H), 1.71 - 1.56 (m, 1H),
1.48 (dg, J= 137, 7.6, 6.8 Hz, 1H), 1.31 (dd, J= 14.1, 7.0 Hz, 14H), 0.94 - 0.83 (m, 3H).
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Compound 54: 2-(12-methyl-6-octyl-3,8-dioxo-2,7-dioxa-9,12-diazatetradecyl) propane-
1,3-diyl (92,92, 127, 12'Z)-bis(octadeca-9, 12-dienoate)

A {

Compound 54 was synthesized in 47% yield from Intermediate 54d and Intermediate 53a

5 using the method employed for Compound 52. ¥NMR (400 MHz, CDCb) & 5.44 - 5.26
(m, 8H), 4.75 (s, 1H), 4.12 (d, J= 6.0 Hz, 6H), 2.77 (t, J= 6.5 Hz, 4H), 2.55 - 2.34 (m,
6H), 2.34 - 2.19 (m, 6H), 2.05 (q, J= 6.8 Hz, 8H), 1.97 - 1.70 (m, 4H), 161 (t, J= 7.2 Hz,
10H), 1.41 - 1.00 (m, 43H), 0.94 - 0.82 (m, 9H). MS: 959.1 m/z [M+H].

10  Example 55- Compound 55

Intermediate 55a: benzyl 5-hydroxytridecanoate
OH

o OBn

Intermediate 55awas prepared in 25% yield from 6-octyltetrahydropyran-2-one using the

method employed for Intermediate 54a %2 NMR (400 MHz, CDCb) & 7.34 (qt, J= 9.5, 45
15  Hz, 5H), 5.11(s, 2H), 357 (s, 1H), 2.39 (t, J= 7.3 Hz, 2H), 1.85 - 1.65 (m, 2H), 1.60 -

111 (m, 18H), 0.98 - 0.80 (m, 3H).

Intermediate 55b: benzyl 5-(((4-nitrophenoxy)carbonyl)oxy)tridecanoate
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O,N
\< j o)
oko

o OBn
Intermediate 55b was prepared in 37% yield from Intermediate 55ausing the method
employed for Intermediate 54b. ¥“NMR (400 MHz, CDCb) & 8.32 - 8.24 (m, 3H), 7.39
(dddd, J=20.3, 9.9, 5.7, 1.9 Hz, 8H), 5.12 (s, 2H), 4.87 - 4.75 (m, 1H), 2.41 (t, J= 6.8 Hz,
2H), 1.69 (dddt, J = 33.5, 23.3, 14.2, 6.0 Hz, 6H), 1.51 - 1.01 (m, 13H), 0.87 (t, J= 6.6 Hz,
3H).

Intermediate 55c: benzyl 5-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)tridecanoate

d 0
H

o) OBn
Intermediate 55c was prepared in 53% yield from Intermediate 55b using the method
employed for Intermediate 54c. ¥:NMR (400 MHz, CDCb) 6 7.41 - 7.18 (m, 5H), 5.04 (s,
2H), 4.65 (p, J= 6.5 Hz, 1H), 3.19 (q, J= 6.4, 5.9 Hz, 2H), 2.49 - 2.23 (m, 6H), 2.16 (d, J=
29.0 Hz, 3H), 1.69- 154 (m, J= 6.7 Hz, 2H), 1.44 (tt, J= 136, 7.1 Hz, 4H), 1.37 - 1.05
(m, 14H), 0.98 (t, J= 7.1 Hz, 3H), 0.80 (t, J= 6.6 Hz, 3H).

Intermediate 55d: 5-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)tridecanoic  acid

o) OH
To asolution of Intermediate 55c (2.2 g, 1.0 equiv) in THF (20 mL) was added Pd/C (2.5 g,

10% wi/w). The mixture was stirred at 20 °C for 5 h under H2. The reaction mixture was
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then filtered, and the filtrate was concentrated under reduced pressure to give aresidue. The
residue was purified by column chromatography to afford product asabrown oil (19,
58%). ¥% NMR (400 MHz, CDCb) & 12.81 (s, 1H), 5.93 - 5.72 (m, 1H), 461 (g, J= 7.1
Hz, 1H), 3.68 - 3.47 (m, 1H), 3.29 - 3.04 (m, 1H), 2.76 (tt, J= 17.2, 9.1 Hz, 3H), 2.40 (s,
3H), 2.34 - 2.06 (m, 2H), 1.85 - 0.87 (m, 22H), 0.80 (t, J= 6.4 Hz, 3H).

Compound 55: 2-(13-methyl-7-octyl-3,9-dioxo-2,8-dioxa-10,13-diazapentadecyl) propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca9, 12-dienoate)
Ak

/N\/\N (o)
H

Compound 55 was prepared in 58% yield from Intermediate 53a and Intermediate 55d
using the method employed for Compound 52. 1HNMR (400 MHz, CDCb) &5.44 - 5.27
(m, 8H), 4.73 (s, 1H), 4.12 (d, J= 6.0 Hz, 6H), 3.32 (s, 2H), 2.81 - 2.73 (m, 4H), 2.49 (d, J
= 459 Hz, 4H), 2.43 - 2.22 (m, 10H), 2.05 (q, J= 6.8 Hz, 8H), 1.75 - 1.42 (m, 13H), 1.42 -
1.21 (m, 40H), 1.11(s, 3H), 0.95 - 0.82 (m, 9H). MS: 972.8 m/z [M+H].

Example 56 - Compound 56

Intermediate 56a: 9-(decyloxy)-9-oxononanoic  acid

O 0
HOJ\/\/\/\/U\O/\/\/\/\/\
To amixture of nonanedioic acid (90 g, 1.0 equiv.) in THF (300-900 mL) at 0°C was added
DMF (0.1-0.2 equiv.) and (COCI)2 (1.0 equiv.) dropwise. The mixture was degassed and
purged 3x with N2, and then the mixture was stirred at 20 °C for 2 h under N 2 atmosphere.
Decan-1 -ol (1.0 equiv.) was added to the reaction mixture dropwise at 0 °C and stirred at 20
°C for 2 h under N2atmosphere. The reaction mixture was concentrated under reduced
pressure to remove solvent, and the resulting solution was poured into water and extracted
3x with EtOAc. The combined organic layers were washed with brine, then dried over
Na2SC>4, filtered, and concentrated in vacuo. The crude residue was purified by column

chromatography (EtO Ac/hexanes) to afford product asawhite solid (20 g, 6%). ¥:NMR
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(400 MHz, CDCh) 84.05 (1, J= 6.7 Hz, 2H), 2.34 (t, J= 7.5 Hz, 2H), 2.29 (t, J= 7.5 Hz,
2H), 1.62 (q, J= 7.3 Hz, 6H), 1.41 - 1.15 (m, 19H), 0.88 (t, J= 6.7 Hz, 3H).

Intermediate 56b: 9,9'-didecyl 0'1,01-(2-oxopropane-l,3-diyl) di(nonanedioate)

To amixture of 1,3-dihydroxypropan-2-one (1.37 g, 0.5 equiv.), EDCI (1.0 equiv.) and
DMAP (1.0 equiv.) in DCM (100-200 mL) was added Intermediate 56a (1.0 equiv.)
portionwise a 0 °C, and the mixture was degassed and purged 3x with N2. The mixture was
stirred at 20 °C for 5r under N2atmosphere. The reaction mixture was concentrated under
reduced pressure to remove solvent, and the resulting solution was poured into water and
extracted 3x with EtOAc. The combined organic layers were washed with brine, then dried
over Na2S04, filtered, and concentrated in vacuo. The crude residue was purified by column
chromatography (EtOAc/hexanes) to afford product as awhite solid (10 g, 46%). ¥:NMR
(400 MHz, CDCh) 64.74 (d, J= 2.1 Hz, 4H), 4.05 (t, J= 6.8 Hz, 4H), 2.41 (t, J= 7.5 Hz,
4H), 2.28 (t, J= 7.5 Hz, 4H), 1.62 (d, J= 8.8 Hz, 12H), 1.39 - 1.19 (m, 39H), 0.87 (t, J =
6.7 Hz, 6H).

Intermediate 56¢: 9,9'-didecyl 0'1,01-(2-hydroxypropane-1,3-diyl) di(nonanedioate)
o o

HO OJ\/\/\/\)J\O/\/\/\/\/\
\(\

o o
OMO/WW\

To a solution of Intermediate 56b (13.4 g, 1.0 equiv.) in THF/toluene/water (4:1:2, 0.4 M)
a 0 °C under N2was added NaBHi (1.5 equiv.). The mixture was stirred at 15-20 °C for 5
h under N2. Upon completion, the reaction mixture was diluted with water and extracted 3x
with EtOAc. The combined organic layers were washed with brine, then dried over Na2S04,
filtered, and concentrated in vacuo. The crude residue was purified by column
chromatography (EtOAc/hexanes) to afford product asawhite solid (5.1 g, 38%). '"H NMR
(400 MHz, CDCh) 84.15 - 4.03 (m, 5H), 3.98 (t, J = 6.8 Hz, 4H), 2.44 (d, J= 4.8 Hz, 1H),
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2.25 (dt, J= 24.2, 7.5 Hz, 8H), 1.55 (q, J= 7.1 Hz, 12H), 1.22 (d, J= 22.7 Hz, 38H), 0.81
(t, J= 6.7 Hz, 6H).

Compound 56: 9,9'-didecyl 0'1,01-(2-((3-(((2-
(ethyl (methyl)amino)ethyl)carbamoyl)oxy)undecanoyl)oxy)propane-1,3-diyl)
di(nonanedioate)

Compound 56 was prepared in 36% yield from Intermediate 52d and Intermediate 56c¢
using the method employed for Compound 52. % NMR (400 MHz, CDCb) 65.24 (t, J=
5.2 Hz, 1H), 5.13 - 5.04 (m, 1H), 4.28 (ddd, J= 14.5, 11.9, 4.5 Hz, 2H), 4.14 (ddd, J =
11.9, 8.3, 5.8 Hz, 2H), 4.05 (t, J= 6.8 Hz, 4H), 3.31 (s, 2H), 2.58 (qd, J= 15.3, 6.4 Hz, 6H),
2.30 (dt, J= 10.3, 7.6 Hz, 10H), 1.61 (dd, J= 10.1, 4.1 Hz, 16H), 1.29 (dt, J= 17.6, 3.3 Hz,
54H), 0.88 (td, J= 6.9, 1.9 Hz, 9H). MS: 1027.2 m/z [M+H].

Example 57 - Compound 57

Compound 57: 9,9'-didecyl 0'1,01-(2-((4-(((2-

(ethyl (methyl)amino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-1,3-diyl)
di(nonanedioate)

Compound 57 was prepared in 55% yield from Intermediate 54d and Intermediate 56¢
using the method employed for Compound 52. % NMR (400 MHz, CDCb) 65.28 - 5.21
(m, 1H), 4.76 (s, 1H), 4.28 (ddd, J= 11.8, 4.4, 1.2 Hz, 2H), 4.15 (ddd, J= 11.9, 5.9, 4.6 Hz,
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2H), 4.05 (t, J= 6.8 Hz, 4H), 3.29 (s, 2H), 2.38 (ddd, J= 8.6, 6.9, 2.7 Hz, 5H), 2.35 - 2.12
(m, 10H), 1.98 - 1.73 (m, 3H), 1.68- 1.37 (m, 17H), 1.29 (dt, J= 195, 4.1 Hz, 54H), 0.88
(td, J=6.9, 1.9 Hz, 9H). MS: 1040.8 m/z [M +H].

Example 58 - Compound 58

Compound 58: 9,9'-didecyl 0'1,01-(2-((5-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)tridecanoyl)oxy)propane-1,3-diyl)
di(nonanedioate))

AP |

Compound 58 was prepared in 60% yield from Intermediate 55d and Intermediate 56¢
using the method employed for Compound 52. ¥:NMR (400 MHz, CDCb) 6 5.27 - 5.20
(m, 1H), 4.73 (s, 1H), 4.28 (ddd, J= 11.9, 4.4, 2.8 Hz, 2H), 4.13 (ddd, J= 11.9, 5.9, 2.6 Hz,
2H), 4.05 (t, J= 6.7 Hz, 4H), 3.31 (s, 2H), 2.39 - 2.09 (m, 12H), 1.62 (dg, J= 13.8, 7.2, 6.5
Hz, 22H), 1.41 - 0.99 (m, 54H), 0.88 (td, J= 6.9, 2.0 Hz, 9H). MS: 1055.0 m/z [M+H].
Example 59 - Compound 59

Intermediate 59a: 9-o0x0-9-(undecyloxy)nonanoic  acid

o o
HOJ\/\/\/\/U\O/\/\/\/\/\/
Intermediate 59awas prepared in 41% yield from nonanedioic acid and undecan-I-ol using
the method employed for Intermediate 56a. HNMR (400 MHz, CDCb) &4.05 (t, J=6.7
Hz, 2H), 2.31 (dt, J=22.6, 7.5 Hz, 4H), 1.62 (g, J= 7.1 Hz, 6H), 1.40 - 1.18 (m, 23H),
0.87 (t, J= 6.7 Hz, 3H).

Intermediate 59b: 0'1,01-(2-oxopropane-l,3-diyl) 9,9'-diundecy! di(nonanedioate)
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Intermediate 59b was prepared in 23% yield from [,3-dihydroxypropan-2-one and
Intermediate 59a using the method employed for Intermediate 56b. ‘H NMR (400 MHz,
CDCb) 6398 (t, J= 6.7 Hz, 2H), 2.35 (t, J= 7.5 Hz, 2H), 2.22 (t, J= 7.5 Hz, 2H), 1.57 (dt,
J= 186, 6.9 Hz, 6H), 1.36- 1.12 (m, 23H), 0.89 - 0.76 (m, 3H).

Intermediate 59c: 0'1,01-(2-hydroxypropane-l,3-diyl) 9,9'-diundecy! di(nonanedioate)

o o
HO\C\OJ\/\/\/\/U\O/W\/W

o] o
o)\/\/\/\/u\o/\/\/\/\/\/

Intermediate 59c was prepared in 47% yield from Intermediate 59b using the method
employed for Intermediate 56¢c. ¥/NMR (400 MHz, CDCb) 04.23 - 4.00 (m, 9H), 2.52 (d,
J=4.7 Hz, 1H), 2.31 (dt, J= 24.2, 7.5 Hz, 8H), 1.62 (q, J= 7.0 Hz, 13H), 1.29 (d, J= 23.9
Hz, 43H), 0.88 (t, J= 6.7 Hz, 6H).

Compound 59: 0'1,01-(2-((3-(((2-
(ethyl(methyl)amino)ethyl)carbamoyl)oxy)undecanoyl)oxy)propane-1,3-diyl) 9,9-
diundecy! di(nonanedioate)

N o)

H

Compound 59 was prepared in 35% yield from Intermediate 52d and Intermediate 59c
using the method employed for Compound 52. %:NMR (400 MHz, CDCb) 6 5.23 (s, 1H),
5.08 (d, J= 6.5 Hz, 1H), 4.28 (ddd, J= 15.0, 11.9, 4.5 Hz, 2H), 4.14 (dt, J= 13.1, 6.7 Hz,
2H), 4.05 (t, J= 6.8 Hz, 4H), 2.58 (qd, J = 15.4, 6.6 Hz, 4H), 2.30 (dt, J= 10.4, 7.5 Hz,
10H), 1.60 (g, J= 7.7, 6.9 Hz, 20H), 1.43 - 0.97 (m, 58H), 0.88 (td, J= 6.9, 1.9 Hz, 9H).
MS: 1054.9 m/z [M+H].
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Example 60 - Compound 60
Compound 60: 0'1,01-(2-((4-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-1,3-diyl) 9,9-
diundecy! di(nonanedioate)

H
° O (o)
O\E\OJ\/\/\/\/U\O/\/\/\/\/\/
(o) (o)

Compound 60 was prepared in 79% yield from Intermediate 54d and Intermediate 59c
using the method employed for Compound 52. % NMR (400 MHz, CDCb) 6 5.25 (p, J=
5.1 Hz, 1H), 4.76 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 2.7 Hz, 2H), 4.15 (dt, J= 117, 5.6 Hz,
2H), 4.05 (t, J= 6.8 Hz, 4H), 2.38 (t, J= 7.5 Hz, 5H), 2.35 - 2.11(m, 10H), 1.98 - 1.41 (m,
23H), 1.41 - 0.96 (m, 57H), 0.88 (td, J= 6.9, 1.8 Hz, 9H). MS: 1068.9 m/z [M +H].
Example 61- Compound 61

Compound 61: 0'1,01-(2-((5-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)tridecanoyl)oxy)propane-1,3-diyl) 9,9-
diundecy! di(nonanedioate)

AN

Compound 61 was prepared in 61% yield from Intermediate 55d and Intermediate 59c
using the method employed for Compound 52. 'HNMR (400 MHz, CDCb) 65.29 - 5.20
(m, 1H), 4.72 (d, J= 7.4 Hz, 1H), 4.28 (ddd, J= 11.9, 4.4, 2.3 Hz, 2H), 4.14 (ddd, J= 11.9,
5.9, 2.0 Hz, 2H), 4.05 (t, J= 6.8 Hz, 4H), 2.82 - 2.13 (m, 15H), 1.82- 1.39 (m, 21H), 1.39
- 0.97 (m, 56H), 0.88 (td, J= 6.9, 1.9 Hz, 9H). MS: 1083.0 m/z [M+H].
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Example 62 - Compound 62

Intermediate 62a: |-((tert-butyldimethylsilyl)oxy)-3-hydroxypropan-2-one

O\I\\/\OH

OTBS
To amixture of |,3-dihydroxypropan-2-one (50 g, 1.0 equiv.), imidazole (37.79 g, 1.0
equiv.) in THF (40 mL) a 0 °C was added TBSC1 (83.66 g, 1.0 equiv.), and the mixture
was stirred at 20 °C for 2 h under N 2 atmosphere. Upon completion, the reaction mixture

was concentrated under reduced pressure to give aresidue, which was purified by column

chromatography (EtOAc/hex) to afford product asacolorless oil (15 g, 13%).

Intermediate 62b: [-(3-((tert-butyldimethylsilyl)oxy)-2-oxopropyl)  9-undecyl nonanedioate

(0] (o}
0] /U\/\/\/\)J\ AN
T\o 0
OTBS

To amixture of Intermediate 62a (10 g, 1.0 equiv.), EDCI (9.38 g, 1.0 equiv.), and DMAP
(5.98 g, 1.0 equiv.) in DCM (300 mL) at O °C was added Intermediate 59a (16.76 g, 1.0
equiv.), and the mixture was stirred at 20 °C for 12 h under N 2 atmosphere. Upon
completion, the reaction mixture was concentrated under reduced pressure to remove DCM
and the resulting residue was diluted with water. The crude material was extracted 3x with
EtOAc, and the combined organic layers were dried over Na2S04, filtered, and concentrated
in vacuo. The crude residue was purified by column chromatography (EtOAc/hexanes) to
afford product as acolorless oil (11g, 43%). % NMR (400 MHz, CDCh) 3 4.84 (s, 2H),
4.16 (s, 2H), 3.95 (t, J= 6.8 Hz, 2H), 2.32 (t, J= 7.5 Hz, 2H), 2.18 (t, J= 7.5 Hz, 2H), 1.61
- 1.48 (m, 6H), 1.30- 1.12 (m, 22H), 0.82 (s, 9H), 0.78 (t, J= 6.8 Hz, 3H).

Intermediate 62c: 1-(3-hydroxy -2-oxopropyl) 9-undecyl nonanedioate

OT\O/U\/\/\/\)J\O/\/\/\/\/\/

OH
To amixture of Intermediate 62b (119, 1.0 equiv.) in THF (50 mL) was added HF-pyridine
(3.75 mL, 8.0 equiv.). The mixture was stirred a 20 °C for 5 h under N 2 atmosphere. Upon
completion, the reaction mixture was diluted with water and extracted 3x with EtOAc. The

combined organic layers were dried over Na2S04, filtered, and concentrated invacuo. The
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crude residue was purified by column chromatography (EtOAc/hexanes) to afford product
asawhite solid (6 g, 70%). ¥ NMR (400 MHz, CDCb) & 4.70 (s, 2H), 4.30 (s, 2H), 3.98
(t, J= 6.8 Hz, 2H), 2.95 (s, 1H), 2.36 (t, J= 7.5 Hz, 2H), 2.22 (t, J= 7.6 Hz, 2H), 1.57 (dt, J
=20.3, 7.1 Hz, 6H), 1.37 - 1.10 (m, 22H), 0.81 (t, J= 6.7 Hz, 3H).

Intermediate 62d: 1-(3-(((9Z,122)-octadeca-9,12-dienoyl)oxy)-2-oxopropyl)  9-undecy!

nonanedioate
(0] (0]
0\]\?0)1\/\/\/\/[]\0/\/\/\/\/\/
(0]

To a solution of Intermeidate 62c (6 g, 1.0 equiv.) in DCM (100 mL) at 0 °C was added
EDCI (1.0 equiv.), DMAP (1.0 equiv.). The solution was degassed and purged 3x with N2
followed by the addition of linoleic acid (4 mL, 1.0 equiv.). The mixture was stirred at 20
°C for 12 h under N 2 atmosphere. Upon completion, the reaction mixture was concentrated
under reduced pressure to remove DCM and the resulting residue was diluted with water.
The crude material was extracted 3x with EtOAc, and the combined organic layers were
dried over Na2S04, filtered, and concentrated in vacuo. The crude residue was purified by
column chromatography (EtOAc/hexanes) to afford product as a colorless oil (7.5 g, 55%).
¥NMR (400 MHz, CDCb) 6 4.70 (s, 2H), 4.30 (s, 2H), 3.98 (t, J= 6.8 Hz, 2H), 2.95 (s,
1H), 2.36 (t, J= 7.5 Hz, 2H), 2.22 (t, J= 7.6 Hz, 2H), 1.57 (dt, J= 20.3, 7.1 Hz, 6H), 1.37 -
1.10 (m, 22H), 0.81 (t, J= 6.7 Hz, 3H).

Intermediate 62e: |-(2-hydroxy-3-(((9Z,12Z)-octadeca-9,12-dienoyl)oxy)propyl)  9-undecyl

nonanedioate
o] o)
HO\(\OJ\/\/\/\/U\O/\/\/\/\/\/
(o]

OWM
To a solution of Intermediate 62d (7 g, 1.0 equiv.) in THF/toluene/water (4:1:2, 0.04 M) at
0 °C was added NaBHi (5 equiv.), and the mixture was stirred at 20 °C for 5h under N2

atmosphere. Upon completion, the mixture was quenched with sat. NH4CI at 5 °C and
extracted 3x with EtOAc. The combined organic layers were washed 2x with brine, dried
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over Na2S04, filtered, and concentrated to afford aresidue. The crude residue was purified
by column chromatography (EtOAc/hex) to afford product asacolorless oil (6 g, 85%). 'H
NMR (400 MHz, CDCb) &5.42 - 5.25 (m, 4H), 4.25 - 3.90 (m, 8H), 2.76 (t, J= 6.4 Hz,
2H), 2.55 (s, 1H), 2.30 (dt, J= 24.5, 7.6 Hz, 6H), 2.03 (g, J = 6.8 Hz, 4H), 1.61 (g, J= 7.0
Hz, 8H), 1.48 - 1.06 (m, 35H), 0.87 (td, J = 6.8, 3.8 Hz, 6H).

Compound 62: 1-(3-methyl-13-((((9Z,12Z)-octadeca-9,12-dienoyl)oxy)methyl)-9-octyl -
7,1 1-di oxo-8, 12-dioxa-3,6-diazatetradecan-14-yl)  9-undecyl nonanedioate

Compound 62 was prepared in 36% yield from Intermediate 52d and Intermediate 62e
using the method employed for Compound 52. ¥:NMR (400 MHz, CDCb) 6 5.47 - 5.28
(m, 4H), 5.23 (t, J= 5.2 Hz, 1H), 5.14 - 5.04 (m, 1H), 4.28 (ddd, J= 15.3, 11.9, 4.6 Hz,
2H), 4.14 (ddd, J= 11.8, 7.5, 5.8 Hz, 2H), 4.05 (t, J= 6.8 Hz, 2H), 3.38 (s, 2H), 2.77 (t, J =
6.5 Hz, 2H), 2.58 (qd, J= 15.2, 6.3 Hz, 5H), 2.37 - 2.22 (m, 7H), 2.05 (q, J = 6.7 Hz, 4H),
1.62 (d, J= 6.8 Hz, 14H), 1.48 - 0.97 (m, 50H), 0.97 - 0.79 (m, 9H). MS: 992.3 m/z
[M+H].

Example 63 - Compound 63

Compound 63: |-(3-methyl-14-((((9Z,12Z)-octadeca-9,12-dienoyl)oxy) methyl)-9-octyl -

7,12-dioxo-8,13-dioxa-3,6-diazapentadecan-15-yl) ~ 9-undecyl nonanedioate

/N\/\NJJ\O
H
o)
(0} (@)
o )I\/\/\/\/U\ VAV P P\
\Co o)
0O
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Compound 63 was prepared in 79% yield from Intermediate 54d and Intermediate 62e
using the method employed for Compound 52. ¥:NMR (400 MHz, CDCb) 65.44 - 5.28
(m, 4H), 5.25 (ddd, J= 5.8, 4.5, 1.4 Hz, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H),
415 (ddd, J= 11.9, 5.8, 4.2 Hz, 2H), 4.05 (t, J= 6.8 Hz, 2H), 3.31 (s, 2H), 2.77 (t, J= 6.7
Hz, 2H), 2.70 - 2.12 (m, 15H), 2.05 (q, J= 6.9 Hz, 4H), 1.97 - 1.72 (m, 3H), 161 (h, J=
6.5 Hz, 12H), 1.40- 1.19 (m, 47H), 1.11(s, 3H), 0.96 - 0.81 (m, 9H). MS: 1006.9 m/z
[M+H].

Example 64 - Compound 64

Compound 64: 1-(3-methyl-15-((((9Z,12Z)-octadeca-9,12-dienoyl)oxy)methyl)-9-octyl-

7,13-dioxo-8,14-dioxa-3,6-diazahexadecan-16-yl)  9-undecyl nonanedioate

AP ¢

Compound 64 was prepared in 79% yield from Intermediate 55d and Intermediate 62e
using the method employed for Compound 52. 'HNMR (400 MHz, CDCb) 65.48 - 5.28
(m, 4H), 5.24 (h, J= 4.9, 4.4 Hz, 1H), 4.73 (s, 1H), 4.29 (ddd, J= 11.9, 4.4, 3.3 Hz, 2H),
4.14 (ddd, J= 11.9, 5.9, 3.1 Hz, 2H), 4.05 (t, J= 6.8 Hz, 2H), 3.31 (s, 2H), 2.77 (t, J= 6.5
Hz, 2H), 2.67 - 2.11(m, 14H), 2.05 (q, J= 6.8 Hz, 4H), 1.73 - 1.41 (m, 17H), 1.41 - 0.95
(m, 50H), 0.94 - 0.82 (m, 9H). MS: 1021.0 m/z [M+H].

Example 65 - Compound 65

Compound 65: 2-((4-((((I-methylpyrrolidin-2-
yl)methyl)carbamoyl)oxy)tetradecanoyl)oxy)propane-1,3-diyl (92,92, 127,12'7)-
bis(octadeca-9, 12-dienoate)
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Compound 65 was prepared in 75% yield from Intermediate 39d and |-(I-methylpyrrolidin-
2-yl)methanamine using the method employed for Example 1. % NMR (400 MHz, CDCb)
55.45 - 528 (m, 8H), 5.25 (ddd, J= 10.2, 5.7, 4.4 Hz, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9,
4.4 Hz, 2H), 4.20 - 411 (m, 2H), 3.45 (s, 1H), 3.21 (s, 2H), 2.82 - 2.74 (m, 4H), 2.46 - 2.24
(m, 9H), 2.05 (g, J= 6.8 Hz, 8H), 2.01 - 1.42 (m, 16H), 1.41 - 1.20 (m, 45H), 0.88 (td, J =
7.0, 4.7 Hz, 9H). MS: 984.9 m/z [M+H].

Example 66 - Compound 66

Compound 66: 2-((4-(((3-(pyrrolidin-I-

yl)propoxy)carbonyl)oxy)tetradecanoyl)oxy)propane-1,3-diyl (92,92,1272,12'7)-
bis(octadeca-9, 12-dienoate)

0
@,/V\OJKO
° 0
O\E\OJWW

Compound 66 was prepared in 65% yield from Intermediate 39d and 3-(pyrrolidin-I-
yl)propan-I-ol using the method employed for Example 1. % NMR (400 MHz, CDCb) &
557 - 521 (m, 9H), 4.72 (dt, J= 12.2, 5.2 Hz, 1H), 4.29 (dd, J= 11.9, 4.4 Hz, 2H), 4.24 -
4.07 (m, 4H), 2.82 - 2.74 (m, 4H), 2.60 (d, J= 102.7 Hz, 5H), 2.45 - 2.38 (m, 2H), 2.38 -
2.26 (m, 4H), 2.13 - 1.73 (m, 16H), 1.73 - 1.43 (m, 9H), 1.41 - 1.16 (m, 42H), 1.04- 0.74
(m, 9H). MS: 999.4 m/z [M +H].
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Example 67 - Compound 67
Compound 67: 2-((4-((((I-methylpyrrolidin-2-

yl)methyl)carbamoyl)oxy)octanoyl)oxy)propane-1,3-diyl (92,97,127,12'7)-his(octadeca-
9,12-dienoate)

&y
° 0O
° N NN NN
\(o\o

Compound 67 was prepared in 50% yield from Intermediate 42d and 1-(1-
methylpyrrolidin-2-yl)methanamine  using the method employed for Example 1.'HNMR
(400 MHz, CDCb) §5.42 - 5.08 (m, 9H), 4.77 (s, 1H), 4.28 (ddd, J = 11.8, 4.5, 1.8 Hz,
2H), 4.20 - 4.12 (m, 2H), 3.48 (s, 1H), 3.33 (s, 2H), 2.77 (td, J= 6.1, 1.2 Hz, 4H), 2.63 -
2.23 (m, 11H), 2.05 (g, J= 6.8 Hz, 9H), 1.98 - 1.42 (m, 14H), 1.42 - 1.22 (m, 32H), 0.96 -
0.81 (m, 9H). MS: 900.0 m/z [M +H].

Example 68 - Compound 68

Compound 68: 2-((4-(((3-(pyrrolidin-I-yl)propoxy)carbonyl)oxy)octanoyl)oxy) propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

0
@,/\/\OJ\O
° o)
O\COJ\/\/\/\/=\/=\/\/\

Compound 68 was prepared in 43% yield from Intermediate 42d and 3-(pyrrolidin-I-
yl)propan-l-ol using the method employed for Example 1. % NMR (400 MHz, CDCb) &
543 - 504 (m, 9H), 4.72 (i, J= 7.4, 5.1 Hz, 1H), 440 - 4.10 (m, 6H), 2.81 - 2.74 (m, 4H),
2.54 (d, J=58. 1Hz, 5H), 2.40 (ddd, J= 8.4, 6.8, 4.4 Hz, 2H), 2.36 - 2.27 (m, 4H), 2.11-
1.73 (m, 16H), 1.73 - 1.43 (m, 8H), 1.43 - 1.21 (m, 31H), 0.99 - 0.77 (m, 9H). MS: 915.7
m/z [M+H].
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Example 69 - Compound 69

Intermediate 69a; 4-oxononanoic acid

0]

o)

OH
To amixture of 5-pentyltetrahydrofuran-2-one (50 g, 1.0 equiv.) in 3:1 EtOH/EhO (500
mL) was added NaOH (2.0 equiv.) in one portion a 15 °C under N2. The mixture was
stirred at 15 °C for 12 h. Upon completion, the reaction mixture was concentrated under
reduced pressure, and the resulting residue was extracted 2x with DCM. The combined
organic layers were dried over Na2SC>4 and concentrated to afford acrude residue.

The crude residue was subsequently reconstituted in DCM (1L), followed by the
addition of DMP (3 equiv.) in one portion at 15 °C under N2. The mixture was tirred at 15
°C for 4 h. Upon completion, the reaction was concentrated under reduced pressure and the
solution was adjusted to pH = 3with 1M HC1. The durry was filtered and washed with
H20. The resulting filter cake was dissolved in EtOAc, dried over Na2S04, filtered, and
concentrated to afford product asawhite solid (22 g, 45%). 'H NMR (400 MHz, CDCh) &
2.72 (dd, J= 7.0, 5.4 Hz, 2H), 2.63 (ddd, J= 7.2, 5.9, 1.2 Hz, 2H), 2.44 (t, J= 7.4 Hz, 2H),
1.64 - 1.54 (m, 2H), 1.36- 1.20 (m, 4H), 0.89 (t, J= 6.9 Hz, 3H).

Intermediate 69b: 2-((4-oxononanoyl)oxy)propane-1,3-diyl (92,9Z,127,12'2)-bis(octadeca
9,12-dienoate)

Intermediate 69b was synthesized in 74% vyield from Intermediate 69a and Intermediate |c
using the method employed for Intermediate Id.. % NMR (400 MHz, CDCh) 05.46 - 5.16
(m, 9H), 4.29 (dd, J= 11.9, 4.3 Hz, 2H), 4.14 (dt, J= 11.8, 6.0 Hz, 2H), 2.74 (dt, J = 21.5,
6.5 Hz, 6H), 2.59 (t, J= 6.6 Hz, 2H), 2.43 (t, J= 7.5 Hz, 2H), 2.32 (t, J= 7.6 Hz, 4H), 2.04
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(dd, J= 8.6, 5.3 Hz, 8H), 1.60 (ddd, J= 14.2, 8.4, 4.8 Hz, 6H), 1.50 - 1.06 (m, 32H), 0.89
(t, J= 6.8 Hz, 9H).

Intermediate 69c: 2-((4-(((4-nitrophenoxy)carbonyl)oxy)nonanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

A
O)J\O

To asolution of Intermediate 69b (10 g, 1.0 equiv.) in THF (300 mL), toluene (150 mL)

and H20 (75 mL) was added NaBH4 (5.0 equiv.) at 5 °C. The mixture was stirred at 15 °C
for 3 h under N2 atmosphere. Upon completion, Na2S04 was added to the reaction mixture
a 0 °C, and the resulting mixture was filtered and concentrated under reduced pressure. The
resulting residue was purified by column chromatography to afford alcohol intermediate as
acolorless oil.

The intermediate was immediately reconstituted in DCM (80 mL), followed by the
addition of pyridine (1.67 equiv.) and (4-nitrophenyl) carbonochloridate (2 equiv.) a 0O °C.
The mixture was stirred at 0 °C for 5h under N 2 atmosphere. Upon completion, the reaction
mixture was concentrated under reduced pressure to afford aresidue that was purified by
column chromatography to yield product as acolorless oil (4.05 g, 33%). ¥NMR (400
MHz, CDCh) & 8.26 - 8.19 (m, 2H), 7.40 - 7.28 (m, 2H), 5.43 - 5.11(m, 9H), 4.80 (it, J =
7.5, 44 Hz, 1H), 4.25 (dd, J= 11.9, 4.3 Hz, 2H), 4.09 (dd, J= 11.9, 5.8 Hz, 2H), 2.70 (t, J=
6.4 Hz, 4H), 2.40 (t, J= 7.4 Hz, 2H), 2.33 - 2.16 (m, 4H), 1.97 (g, J= 6.8 Hz, 10H), 1.67
(ddt, J= 13.4, 9.9, 4.7 Hz, 1H), 1.55 (dtd, J= 15.7, 8.4, 7.4, 4.8 Hz, 5H), 1.43 - 1.16 (m,
36H), 0.83 (g, J = 6.8 Hz, 9H).

Compound 69: 2-((4-(((2-

(ethyl (methyl)amino)ethyl)carbamoyl)oxy)nonanoyl)oxy)propane-,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)
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Compound 69 was prepared in 77% yield from Intermediate 69c and N 1-ethyl -NI-
methylethane- 1,2-diamine using the method employed for Example 1. % NMR (500 MHz,
CDCb) 85.35 (pt, J= 8.8, 4.4 Hz, 8H), 5.25 (p, J= 5.1 Hz, 1H), 4.76 (dt, J= 12.3, 6.7 Hz,
1H), 4.28 (dd, J= 11.9, 4.5 Hz, 2H), 4.15 (dh, J= 11.4, 5.9 Hz, 2H), 3.31 (s, 2H), 2.77 (t, J
= 6.8 Hz, 4H), 2.62 - 2.45 (m, 4H), 2.38 (dt, J= 9.0, 6.2 Hz, 2H), 2.30 (g, J = 13.0, 10.4
Hz, 8H), 2.05 (g, J= 7.0 Hz, 9H), 1.91 (it, J= 9.5, 45 Hz, 1H), 1.81 (dt, J= 14.7, 7.8 Hz,
1H), 1.65 - 1.43 (m, 7H), 1.40 - 1.17 (m, 36H), 1.09 (q, J= 8.8, 8.2 Hz, 3H), 0.88 (g, J=
6.5 Hz, 9H). MS: 902.6 m/z [M +H].

Example 70 - Compound 70

Compound 70: 2-((4-((((I-methylpyrrolidin-2-

yl)methyl)carbamoyl)oxy)nonanoyl)oxy)propane-1,3-diyl (92,97, 127, 12'7)-bis(octadeca-
9,12-dienoate)

B
© 0
O\COJ\/\/\/\/W

Compound 70 was prepared in 62% yield from Intermediate 69c and I-(I-methylpyrrolidin-
2-yl)methanamine using the method employed for Example 1. % NMR (500 MHz, CDCb)
55.45 - 5.29 (m, 8H), 5.25 (p, J = 5.2 Hz, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9, 4.5 Hz,
2H), 4.15 (dg, J= 11.7, 5.8 Hz, 2H), 3.46 (d, J= 25.9 Hz, 1H), 3.19 (s, 2H), 2.77 (t, J= 6.8
Hz, 4H), 2.34 (dt, J= 31.1, 8.3 Hz, 12H), 2.05 (q, J= 7.0 Hz, 8H), 1.99 - 1.42 (m, 16H),
1.42 - 1.19 (m, 35H), 0.88 (g, J = 6.8 Hz, 9H). MS: 914.4 m/z [M+H].
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Example 71- Compound 71

Compound 7 1: 2-((4-(((3-(pyrrolidin-1-yl)propoxy)carbonyl)oxy)nonanoyl)oxy) propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
(o]

@ /\/\OJJ\O

Compound 71 was prepared in 78% yield from Intermediate 69c and 3-(pyrrolidin-I-
yl)propan-l-ol using the method employed for Example 1. % NMR (500 MHz,
Chloroform-d) 85.50 - 5.28 (m, 8H), 5.25 (p, J= 5.1 Hz, 1H), 4.72 (tt, J= 7.8, 4.5 Hz, 1H),
4.36 - 4.26 (m, 2H), 4.23 - 411 (m, 4H), 2.77 (t, J= 6.7 Hz, 4H), 2.41 (dt, J= 15.0, 9.0 Hz,
2H), 2.31 (t, J= 7.5 Hz, 5H), 2.05 (g, J= 6.9 Hz, 8H), 2.00 - 1.75 (m, 9H), 1.72- 1.48 (m,
8H), 1.43 - 1.20 (m, 35H), 1.00- 0.75 (m, 9H). MS: 929.4 m/z [M+H].

Example 72 - Compound 72

Compound 72: 2-((4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)nonanoyl)oxy)propane-1,3-
diyl (92,92, 127, 12'7)-bis(octadeca-9, 12-dienoate)

CL\/\Nj\o
H
© o
O\COJ\/\/\/\/W\/\
0

Compound 72 was prepared in 72% yield from Intermediate 69c and 2-(pyrrolidin-I-
yl)ethan-I -amine using the method employed for Example 1. % NMR (500 MHz, CDCb)
5.49 (s, 1H), 5.34 (dtt, J= 18.0, 6.9, 3.9 Hz, 8H), 5.25 (p, J=5.1 Hz, 1H), 4.76 (s, 1H), 4.28
(dd, 3= 11.9, 4.4 Hz, 2H), 4.15 (dt, J= 11.6, 5.4 Hz, 2H), 3.40 - 3.27 (m, 2H), 2.80 - 2.50
(m, 11H), 2.45 - 2.35 (m, 2H), 2.31 (t, J= 7.6 Hz, 5H), 2.05 (g, J= 7.0 Hz, 9H), 1.97 - 1.67
(m, 8H), 1.60 (g, J= 7.3 Hz, 8H), 1.33 (d, J= 26.5 Hz, 36H), 0.88 (g, J= 6.5 Hz, 9H). MS:
914.7 m/z [M+H].
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Example 73 - Compound 73

Intermediate 73a 4-oxoundecanoic acid

o

OH
To a solution of 5-heptyltetrahydrofuran-2-one (20 g, 1.0 equiv.) in 2:1 EtOH/EhO (400
mL) was added NaOH (1.1 equiv.). The mixture was degassed and purged 3x with N2, and
then the mixture was stirred at 20 °C for 12 h under N 2 atmosphere. Upon completion, the
reaction mixture was concentrated under reduced pressure to remove solvent, and 1N HC1
was added to the resulting residue until pH = 3. The resulting slurry was filtered, and the
filtered cake was concentrated under reduced pressure to give aresidue.

The resulting residue was reconstituted in DCM (200 mL), followed by the addition
of DMP (3 equiv.). The mixture was stirred 20 °C for 5h. Upon completion, the mixture
was concentrated under reduced pressure, and the resulting residue was diluted with H20
and extracted 3x with EtOAc. The combined organic layers were washed with brine, dried
over Na2S04, filtered, and concentrated. Crude material was purified by column
chromatography to afford product asawhite solid (10 g, 46%). ‘H NMR (400 MHz,
CDCh) 82.65 (dd, J= 7.0, 5.3 Hz, 2H), 2.56 (t, J= 6.8 Hz, 2H), 2.37 (t, J= 7.5 Hz, 2H),
151 (q, J= 7.2 Hz, 2H), 1.27 - 1.13 (m, 8H), 0.86 - 0.76 (m, 3H).

Intermediate 73b: 2-((4-oxoundecanoyl)oxy)propane-l,3-diyl  (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)

o)
o)
0
0 )W:W
\(\0
@)

Intermediate 73b was synthesized in 42% yield from Intermediate 73a and Intermediate |c
using the method employed for Intermediate 1d. %2 NMR (400 MHz, CDCh) 0 5.28 (dddd,
J= 123, 10.7, 8.7, 55 Hz, 8H), 5.21 - 5.15 (m, 1H), 4.22 (dd, J= 11.9, 4.3 Hz, 2H), 4.13 -
4.05 (m, 2H), 2.70 (t, J= 6.4 Hz, 4H), 2.64 (t, J= 6.5 Hz, 2H), 2.52 (t, J= 6.5 Hz, 2H), 2.36
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(t, J= 7.5 Hz, 2H), 2.25 (t, J= 7.6 Hz, 4H), 2.02 - 1.95 (m, 8H), 1.53 (h, J= 7.0 Hz, 6H),
1.33 - 1.16 (m, 37H), 0.81 (td, J = 6.8, 4.7 Hz, 9H).

Intermediate 73c: 2-((4-(((4-nitrophenoxy)carbonyl)oxy)undecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

O,N
\i ] o)
o)j\o

To a solution of Intermediate 73b (25 g, 1.0 equiv.) in THF (500 mL), toluene (125 mL),
and H20 (250 mL) at 0 °C under N2was added NaBHi (5.0 equiv.). The mixture was stirred
a 5°Cfor 1hunder N2atmosphere. Upon completion, the residue was poured into
saturated NH4Cl solution and extracted 3x with EtOAc. The combined organic layers were
washed with brine, dried over Na2S04, filtered, and concentrated in vacuo. The residue was
purified by column chromatography to afford intermediate alcohol as a colorless residue.

The intermediate was immediately reconstituted in DCM (100 mL), followed by the
addition of pyridine (2 equiv.) and (4-nitrophenyl) carbonochloridate (2 equiv.) a 0 °C. The
mixture was stirred at 20 °C under N 2 atmosphere for 5 h, after which point the reaction
mixture was concentrated under reduced pressure. The resulting residue was diluted with
hexanes and filtered. The filtrate was washed 3x with water and | x with brine before being
dried over Na2S04, filtered, and concentrated. Purification by column chromatography
afforded product asa colorless oil (5.2 g, 40%). IHNMR (400 MHz, Chloroform-d) & 8.28
(d, J= 8.8 Hz, 2H), 7.41 (dd, J= 8.6, 6.1 Hz, 2H), 5.33 (tdd, J= 235, 11.3, 6.1 Hz, 9H),
4.87 (tt, J=7.7, 4.6 Hz, 1H), 4.32 (dd, J= 12.0, 4.4 Hz, 2H), 4.16 (dd, J= 12.0, 5.8 Hz,
2H), 2.77 (t, J= 6.4 Hz, 4H), 2.47 (t, J= 7.5 Hz, 2H), 2.39 - 2.25 (m, 4H), 2.04 (g, J=6.9
Hz, 10H), 1.79- 1.55 (m, 7H), 1.48 - 1.15 (m, 36H), 0.89 (t, J= 6.7 Hz, 9H).
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Compound 73: 2-((4-(((2-
(ethyl (methyl)amino)ethyl)carbamoyl)oxy)undecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

( 0
/N\/\NJ\O
H
° o]
0\(\0)1\/\/\/\/;/a/\/\
o]

Compound 73 was prepared in 53% yield from Intermediate 73c and (2-
aminoethyl)(ethyl)methylamine using the method employed for Example 1. 'H NMR (500
MHz, CDCb) 85.47 - 5.27 (m, 8H), 5.24 (g, J= 5.1 Hz, 1H), 4.76 (s, 1H), 4.28 (dd, J =
11.9, 4.4 Hz, 2H), 4.15 (dt, J= 11.6, 5.4 Hz, 2H), 3.31 (s, 2H), 2.77 (t, J= 6.7 Hz, 4H), 2.61
- 2.35 (m, 6H), 2.31 (t, J= 7.6 Hz, 7H), 2.05 (g, J = 7.0 Hz, 8H), 1.90 (g, J= 11.5, 9.0 Hz,
1H), 1.81 (dt, J= 145, 7.6 Hz, 1H), 1.65- 1.41 (m, 9H), 1.39 - 1.19 (m, 38H), 1.10 (s,
3H), 0.88 (g, J= 7.0 Hz, 9H). MS: 930.3 m/z [M +H].

Example 74 - Compound 74

Compound 74: 2-((4-((((I-methylpyrrolidin-2-
yl)methyl)carbamoyl)oxy)undecanoyl)oxy)propane-1,3-diyl (92,97, 127,12'7)-
bis(octadeca-9, 12-dienoate)

&y
° o)
° N N NN
\(O\o

Compound 74 was prepared in 55% yield from Intermediate 73c and I-(I-methylpyrrolidin-
2-yl)methanamine using the method employed for Example 1. % NMR (500 MHz, CDCb)
55.34 (dit, J= 18.0, 6.9, 3.8 Hz, 8H), 5.25 (p, J= 5.2 Hz, 1H), 4.81 - 4.72 (m, 1H), 4.28
(dd, J= 11.9, 4.4 Hz, 2H), 4.15 (dt, J= 11.7, 5.2 Hz, 2H), 3.43 (s, 1H), 3.17 (s, 2H), 2.77 (t,
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J=6.8 Hz, 4H), 2.34 (dt, J= 31.2, 8.3 Hz, 11H), 2.05 (q, J= 7.0 Hz, 8H), 1.99 - 1.43 (m,
16H), 1.43 - 1.13 (m, 39H), 0.88 (q, J= 7.7, 7.2 Hz, 9H). MS: 942.8 m/z [M+H].
Example 75- Compound 75

Compound 75: 2-((4-(((3-(pyrrolidin-I-yl)propoxy)carbonyl)oxy)undecanoyl)oxy)propane-
5  1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
o]

C/N/\/\OJ\O

Compound 75 was prepared in 73% yield from Intermediate 73c and 3-(pyrrolidin-I-
yl)propan-I-ol using the method employed for Example 1. % NMR (500 MHz, CDCb) &
5.46 - 5.28 (m, 8H), 5.25 (p, J=5.1 Hz, 1H), 4.72 (tt, J= 7.8, 4.5 Hz, 1H), 4.29 (dd, J=

10 119,44 Hz, 2H), 422 - 411 (m, 4H), 2.77 (t, J= 6.8 Hz, 4H), 2.45 - 2.37 (m, 2H), 231
(t, J= 7.5 Hz, 4H), 2.05 (q, J= 7.0 Hz, 8H), 2.01 - 1.91 (m, 3H), 1.91 - 1.78 (m, 5H), 1.67
- 150 (m, 9H), 1.39 - 1.22 (m, 39H), 0.88 (g, J= 6.6 Hz, 9H). MS: 957.4 m/z [M +H].
Example 76 - Compound 76

Compound 76: 2-((4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)undecanoyl)oxy)propane-
15 1,3-diyl (92,9Z, 127, 12'7)-bis(octadeca-9, 12-dienoate)

Compound 76 was prepared in 81% yield from Intermediate 73c and 2-(pyrrolidin-I-

yl)ethan-I -amine using the method employed for Example 1. %2 NMR (500 MHz, CDCb)

5.56 (s, 1H), 5.46 - 5.28 (m, 8H), 5.25 (p, J= 5.2 Hz, 1H), 4.76 (s, 1H), 4.28 (dd, J= 11.9,
20 4.4 Hz 2H), 4.15 (dt, J= 11.7, 5.5 Hz, 2H), 3.43 - 3.31 (m, 2H), 2.77 (t, J= 6.7 Hz, 11H),
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245 - 2.35 (m, 2H), 2.31 (t, J= 7.6 Hz, 4H), 2.05 (g, J= 7.0 Hz, 8H), 1.97 - 1.74 (m, 7H),
1.69 - 1.43 (m, 8H), 143 - 1.09 (m, 39H), 0.88 (g, J= 7.0 Hz, 9H). MS: 943.2 m/z [M+H].
Example 77 - Compound 77

Compound 77: 2-((4-(((2-(azetidin- 1-yl)ethyl)carbamoyl)oxy)decanoyl)oxy)propane-  1,3-
diyl (92,9'2,127,12'7)-bis(octadeca-9,12-dienoate)

E\N\/\NJOJ\O
H
© o
O\COJJ\W\A
o

Compound 77 was prepared in 36% yield from Intermdiate 40d and 2-(azetidin-I-yl)ethan-
1-amine using the method employed for Example 1. % NMR (400 MHz, CDCb) 65.45 -
5.29 (m, 8H), 5.25 (h, J= 4.6, 4.1 Hz, 1H), 4.75 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 1.9 Hz,
2H), 4.15 (ddt, J= 11.9, 5.8, 3.6 Hz, 2H), 3.74 - 3.54 (m, 3H), 3.48 - 3.38 (m, 1H), 3.31 (d,
J=6.3 Hz, 1H), 2.86 (s, 1H), 2.81 - 2.73 (m, 4H), 2.41 - 2.26 (m, 7H), 2.05 (q, J= 6.8 Hz,
8H), 1.97 - 1.87 (m, 2H), 1.87 - 1.77 (m, 2H), 1.60 (d, J= 7.2 Hz, 8H), 1.44 - 1.15 (m,
37H), 0.96 - 0.84 (m, 9H). MS: 914.7 m/z [M +H].

Example 78 - Compound 78

Compound 78: 2-((4-(((2-(piperidin-I-yl)ethyl)carbamoyl)oxy)decanoyl)oxy)propane-1,3-
diyl (92,92, 127, 12'7)-bis(octadeca-9, 12-dienoate)

0]
Q\/\N)]\O
H

Compound 78 was prepared in 60% yield from Intermediate 40d and 2-(piperidin-I-
yl)ethan-I -amine using the method employed for Example 1. %2 NMR (400 MHz, CDCb) 0
5.47 - 528 (m, 8H), 5.25 (h, J= 4.8 Hz, 1H), 4.76 (s, 1H), 4.28 (ddd, J= 11.9, 4.4, 1.3 Hz,
2H), 4.15 (dt, J= 11.8, 5.7 Hz, 2H), 3.42 (s, 2H), 2.80 - 2.72 (m, 4H), 2.44 (d, J= 6.7 Hz,
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2H), 2.39 (ddd, J= 8.6, 6.9, 2.5 Hz, 2H), 2.36 - 2.27 (m, 5H), 2.05 (g, J= 6.9 Hz, 8H), 1.95
- 141 (m, 18H), 1.41 - 1.20 (m, 37H), 0.96 - 0.81 (m, 9H). MS: 942.4 m/z [M+H].
Example 79 - Compound 79

Compound 79: 2-((4-(((2-methyl-I-(pyrrolidin-I-yl)propan-2-
yl)carbamoyl)oxy)decanoyl)oxy)propane-1,3-diyl (92,97,127,12'7)-his(octadeca-9,12-

dienoate)

TR
H

Compound 79 was prepared in 48% yield from Intermediate 40d and 2-methyl- 1-
(pyrrolidin-l-yl)propan-2-amine  using the method employed for Example 1. % NMR (400
MHz, CDCh) 85.42 - 5.21 (m, 9H), 4.72 (s, 1H), 4.28 (ddt, J= 11.9, 4.4, 2.2 Hz, 2H), 4.15
(ddd, J= 11.9, 5.8, 4.6 Hz, 2H), 2.86 - 2.49 (m, 8H), 2.39 (td, J= 8.2, 7.4, 2.2 Hz, 1H),
2.31 (td, J= 7.6, 1.8 Hz, 4H), 2.05 (g, J= 6.8 Hz, 8H), 2.00 - 1.45 (m, 17H), 1.45 - 1.03
(m, 41H), 0.98 - 0.77 (m, 9H). MS: 956.5 m/z [M+H].

Example 80 - Compound 80

Intermediate 80a: (5-methylhexyl)magnesium bromide

Bng\/\/Y

To asolution of Mg (1.63 g, 1.2 equiv.) and I (0.1 equiv.) in THF (100 mL) was added 1-
bromo-5-methyl-hexane (1.0 equiv.) at 15 °C. The mixture was stirred at 40 °C for 2 h
under N 2atmosphere. No further work-up. The reaction mixture was used in next step

directly. Bromo(5-methylhexyl)magnesium in THF was obtained asgray solution.

Intermediate 80b: ethyl 9-methyl-4-oxodecanoate
o]

Y

Et0,C
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To asolution of ethyl 4-chloro-4-oxo-butanoate (16 g, 1.0 equiv.) in THF (150 mL) was
added Cul (1.0 equiv.) and Intermediate 80a (2.0 equiv.) at -78 °C. The mixture was stirred
a -78 °C for 2 h under N2atmosphere. Upon completion, the reaction mixture was
guenched with water and extracted 3x with EtOAc. The combined organic layers were
washed 2x with brine, dried over Na2SC>4, filtered and concentrated under reduced pressure
to give aresidue. Crude residue was purified by column chromatography to afford product
(10 g, 45% vyield) asacolorless oil. % NMR (400 MHz, CDCb) 6 4.06 (q, J= 7.1Hz, 2H),
2.64 (t, J= 6.6 Hz, 2H), 2.50 (t, J= 6.8 Hz, 2H), 2.38 (t, J= 7.5 Hz, 2H), 1.55 - 1.45 (m,
3H), 1.28 - 1.15 (m, 6H), 1.15- 1.06 (m, 2H), 0.79 (d, J = 6.6 Hz, 6H).

Intermediate 80c: 9-methyl-4-oxodecanocic acid

o}

o)

OH
To asolution of intermediate 80b (10 g, 1.0 equiv.) in EtOH (100 mL) was added KOH (3.0
equiv.) a 20 °C. The mixture was stirred at 50 °C for 12 h under N 2atmosphere. The
reaction was then concentrated to remove EtOH, and the pH was adjusted to 5.5 with HC1
(1M). The resulting mixture was diluted with water and extracted 2x with EtOAc. The
combined organic layers were washed 2x with brine, dried over Na2S04, filtered, and
concentrated under reduced pressure. Crude material was purified by column
chromatography to afford product (4.4 g, 50%) asawhite solid. ‘H NMR (400 MHz,
CDCb) 8271 (t, J= 6.8 Hz, 2H), 2.63 (ddd, J= 7.0, 5.8, 1.1 Hz, 2H), 2.44 (t, J= 7.5 Hz,
2H), 1.53 (dg, J= 19.8, 7.0, 6.6 Hz, 3H), 1.31 - 1.24 (m, 2H), 1.16 (dt, J= 8.6, 6.7 Hz, 2H),
0.85 (d, J= 6.6 Hz, 6H).

Intermediate 80d: 2-((9-methyl-4-oxodecanoyl)oxy)propane-1,3-diyl (92,9Z7,1272,12'2)-
bis(octadeca-9,12-dienoate)
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0]
0 0]
o

Intermediate 80d was synthesized in 40% vyield from Intermediate 80c and Intermediate |c
using the method employed for Intermediate Id. %2 NMR (400 MHz, CDCb) 0 5.45 - 5.28
(m, 8H), 5.24 (p, J= 5.1 Hz, 1H), 4.28 (dd, J= 11.9, 4.3 Hz, 2H), 4.14 (dd, J= 11.9, 5.9 Hz,

5 2H), 276 (t, J= 6.4 Hz, 4H), 2.71 (t, J= 6.5 Hz, 2H), 2.59 (t, J= 6.5 Hz, 2H), 2.43 (t, J=
7.5 Hz, 2H), 2.31 (t, J= 7.6 Hz, 4H), 2.04 (q, J= 6.8 Hz, 8H), 1.67 - 1.50 (m, 8H), 1.39 -
1.21 (m, 29H), 1.22 - 1.12 (m, 3H), 0.93 - 0.82 (m, 12H).

Intermediate 80e: 2-((9-methyl-4-(((4-nitrophenoxy)carbonyl)oxy)decanoyl)oxy)propane-
10 1,3-diyl (92,9'2,127,12'7)-bis(octadeca-9,12-dienoate)

ALE
OJ\O

To asolution of Intermediate 80d (1.5 g, 1.0 equiv.) in THF (30 mL), toluene (15 mL) and

H20 (7.5 mL) was added NaBHi (5.0 equiv.) at 0°C. The mixture was dtirred at 5 °C for 5

h. Upon complete reduction, the reaction mixture was partitioned between THF and H20,
15  and the resulting organic phase was separated, dried over Na2SC>4, filtered, and

concentrated under reduced pressure to give aresidue. The residue was purified by column

chromatography to afford intermediate acohol was ayellow oail.

The resulting intermediate was immediately reconstituted in DCM (10 mL),

followed by the addition of pyridine (2.0 equiv.) and (4-nitrophenyl) carbonochloridate (2.0
20  equiv.) at 0°C. The mixture was stirred a 0 °C for 5h. The reaction mixture was then

filtered and concentrated under reduced pressure to give acrude residue that was purified

by column chromatography to afford product asacolorless oil. '"H NMR (400 MHz,
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CDCb) 5825 - 8.18 (m, 2H), 7.38 - 7.28 (m, 2H), 5.39 - 5.15 (m, 9H), 4.80 (tt, J = 7.1,
4.3 Hz, 1H), 4.25 (dd, J= 12.0, 4.3 Hz, 2H), 4.13 - 4.04 (m, 2H), 2.70 (t, J= 6.4 Hz, 4H),
2.40 (dd, J= 8.3, 6.6 Hz, 2H), 2.33 - 2.19 (m, 4H), 2.05 - 1.85 (m, 10H), 1.67 (ddt, J =
14.6, 9.4, 4.8 Hz, 1H), 1.52 (dddg, J = 32.6, 26.2, 13.2, 6.6, 6.1 Hz, 8H), 1.37 - 1.17 (m,
30H), 1.11(dt, J= 9.0, 65 Hz, 2H), 0.94 - 0.66 (m, 12H).

Compound 80: 2-((4-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)-9-
methyldecanoyl)oxy)propane-1,3-diyl (92,92, 12Z,12'Z7)-bis(octadeca-9, 12-dienoate)

( 0
/N\/\NJ\O
H
° o]
0\(\0)1\/\/\/\/;/a/\/\
o]

Compound 80 was prepared in 68% yield from Intermediate 80e and (2-
aminoethyl)(ethyl)methylamine  using the method employed for Example 1.'H NMR (400
MHz, CDCb) &5.43 - 5.22 (m, 9H), 4.76 (s, 1H), 4.28 (ddd, J= 12.0, 4.5, 1.5 Hz, 2H),
415 (ddd, J= 11.9, 5.8, 4.7 Hz, 2H), 3.37 (s, 3H), 2.77 (td, J= 6.0, 1.3 Hz, 4H), 2.39 (ddd,
J=84, 6.9, 24 Hz, 2H), 2.35 - 2.28 (m, 5H), 2.05 (q, J = 6.8 Hz, 8H), 1.86 (ddt, J= 37.3,
14.4, 7.1 Hz, 3H), 1.77 - 1.38 (m, 12H), 1.39 - 1.19 (m, 34H), 1.15 (d, J= 6.7 Hz, 3H),
0.94 - 0.79 (m, 12H). MS: 929.9 m/z [M+H].

Example 81- Compound 81

Intermediate 8la: I-bromo-6-methylheptane

Brw

To asolution of PPh3 (66.97 g, 1.33 equiv.) in DCM (300 mL) was added Bn (1.33 equiv.)
a 0 °C. Then, 6-methylheptan-l-ol (1.0 equiv.) was added in one portion. The mixture was
stirred at 0 °C for 2 h under N 2atmosphere. Upon completion, the reaction mixture was
diluted with H20, and organic phase was separated. The organic layer was dried over
Na2SC>4, filtered, and concentrated under reduced pressure to give aresidue. Pentane was
added, and the precipitated triphenylphosphine oxide was filtered off. The organic phase
was concentrated under reduced pressure to give aresidue, which was purified by column

chromatography to afford product asayellow oil (30 g, 81%). 'H NMR (400 MHz, CDCB)
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§3.41 (td, J= 6.9, 1.1 Hz, 2H), 1.91 - 1.79 (m, 2H), 1.59- 1.49 (m, 1H), 1.45 - 1.35 (m,
2H), 1.34- 1.25 (m, 3H), 1.21 - 1.12 (m, 2H), 0.86 (dd, J= 6.6, 1.1 Hz, 6H).

Intermediate 81b: (6-methylheptyl)magnesium bromide

BngM/\(

To asolution of Mg (4.53 g, 1.2 equiv.) and I (0.1 equiv.) in THF (300 mL) was added
Intermediate 8la (1.0 equiv.) at 15 °C. The mixture was stirred at 40 °C for 2 h under N2
atmosphere. No further work-up. The reaction mixture was used directly in the next step.

Bromo (6-methylheptyl) magnesium in THF was obtained asgray solution.

Intermediate 81c: ethyl 10-methyl-4-oxoundecanoate
0]

Et0,C

To asolution of ethyl 4-chloro-4-oxo-butanoate (25 g, 1.0 equiv.) and Cul (1.0 equiv.) in
THF (200 mL) was added Intermediate 81b (1.0 equiv.) at -78 °C. The mixture was stirred
a -78 °C for 5 hunder N 2atmosphere. The reaction mixture was then diluted with water
and extracted 3x with EtOAc. The combined organic layers were separated, washed 2x with
brine, dried over Na2S04, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography to afford product as ayellow
oil (10 g, 27%). ¥ NMR (400 MHz, CDCb) 64.06 (q, J= 7.1Hz, 2H), 2.64 (t, J= 6.6 Hz,
2H), 2.50 (t, J= 6.7 Hz, 2H), 2.37 (t, J= 7.5 Hz, 2H), 1.51 (g, J= 7.5 Hz, 2H), 143 (dq, J=
13.2, 6.6 Hz, 1H), 1.26 - 1.15 (m, 7H), 1.14- 1.04 (m, 2H), 0.79 (d, J= 6.6 Hz, 6H).

Intermediate 8ld: 10-methyl-4-oxoundecanoic acid
O

HO,C

A mixture of Intermediate 81c (10 g, 1.0 equiv.) and KOH (3.0 equiv.) in EtOH (50 mL)
was degassed and purged 3x with N2, and then the mixture was stirred at 50 °C for 12 h
under N 2atmosphere. The mixture was concentrated to remove EtOH, then adjusted to pH
5.5 with HC1 (1 M). Then the reaction mixture was diluted with water and extracted 3x with
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EtOAc. The combined organic layers were separated, washed 2x with brine, dried over
Na2SC>4, filtered, and concentrated under reduced pressure to give aresidue. The residue
was purified by column chromatography to afford product asawhite solid (4 g, 45%). 'H
NMR (400 MHz, CDCh) &2.65 (t, J= 6.1 Hz, 2H), 2.56 (ddd, J= 7.1, 5.9, 1.2 Hz, 2H),
2.37 (t, J= 7.5 Hz, 2H), 1.51 (q, J= 7.3 Hz, 2H), 1.42 (dt, J= 13.2, 6.6 Hz, 1H), 1.20 (tt, J
=49, 25 Hz, 4H), 1.14 - 1.05 (m, 2H), 0.79 (d, J = 6.6 Hz, 6H).

Intermediate 8le: 2-((10-methyl-4-oxoundecanoyl)oxy)propane-,3-diyl (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)

0]
0 0]
o

Intermediate 8le was synthesized in 40% yield from Intermediate 81d and Intermediate |c
using the method employed for Intermediate 1d. % NMR (400 MHz, CDCb) & 5.39 - 5.20
(m, 8H), 5.17 (ddd, J= 10.1, 5.8, 4.3 Hz, 1H), 4.21 (dd, J= 11.9, 4.3 Hz, 2H), 4.07 (dd, J=
11.9, 5.9 Hz, 2H), 2.69 (t, J= 6.4 Hz, 4H), 2.64 (t, J= 6.5 Hz, 2H), 2.52 (t, J= 6.5 Hz, 2H),
2.36 (t, J= 7.5 Hz, 2H), 2.24 (t, J= 7.5 Hz, 4H), 1.97 (g, J= 6.8 Hz, 8H), 1.66 - 1.46 (m,
7H), 1.33 - 1.13 (m, 35H), 1.08 (g, J= 6.9 Hz, 2H), 0.84 - 0.77 (m, 12H).

Intermediate 8If: 2-((10-methyl-4-(((4-

nitrophenoxy)carbonyl)oxy)undecanoyl)oxy)propane-1,3-diyl (92,92, 127,12'2)-
bis(octadeca-9, 12-dienoate)

A
OJ\O
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To asolution of Intermediate 8le (6 g, 1.0 equiv.) in THF (120 mL), toluene (30 mL) and
H20 (60 mL) was added NaBLL (5.0 equiv.) a 0°C. The mixture was stirred a 5 °C for 5 h.
Upon complete reduction, the reaction mixture was partitioned between THF and H20, and
the resulting organic phase was separated, dried over Na2S04, filtered, and concentrated
under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford intermediate acohol was ayellow oil.

The resulting intermediate was immediately reconstituted in DCM (10 mL),
followed by the addition of pyridine (2.0 equiv.) and (4-nitrophenyl) carbonochloridate (2.0
equiv.) a 0 °C. The mixture was stirred at 0 °C for 1h. The reaction mixture was then
filtered and concentrated under reduced pressure to give acrude residue that was purified
by column chromatography to afford product asayellow oail (4.3 g, 59%). 1H NMR (400
MHz, CDCh) 6 8.27 - 8.16 (m, 2H), 7.37 - 7.29 (m, 2H), 543 - 5.12 (m, 9H), 4.80 (s, 1H),
4.25 (dd, J= 11.9, 4.4 Hz, 2H), 4.14 - 4.06 (m, 2H), 2.70 (t, J= 6.4 Hz, 4H), 2.40 (t, J= 7.5
Hz, 2H), 2.24 (td, J= 7.5, 4.1 Hz, 4H), 2.05 - 1.88 (m, 9H), 1.71 - 1.62 (m, 1H), 1.62 -
1.47 (m, 6H), 1.45 - 0.97 (m, 35H), 0.89 - 0.66 (m, 12H).

Compound 81: 2-((4-(((2-(ethyl (methyl)amino)ethyl)carbamoyl)oxy)-10-
methylundecanoyl)oxy)propane-1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

( 0
H
0 o]
e
o

Compound 81 was prepared in 85% yield from Intermediate 81f and (2-
aminoethyl)(ethyl)methylamine using the method employed for Example 1.'H NMR (400
MHz, CDCh) &5.42 - 5.21 (m, 9H), 4.76 (s, 1H), 4.33 - 4.23 (m, 2H), 4.15 (dt, J= 11.8,
5.7 Hz, 2H), 3.38 (d, J= 40.4 Hz, 3H), 2.77 (t, J= 6.5 Hz, 4H), 2.38 (t, J= 7.7 Hz, 2H),
2.32 (td, J= 7.6, 1.1Hz, 5H), 2.05 (g, J= 6.7 Hz, 8H), 1.96- 1.78 (m, 3H), 1.68- 1.43 (m,
12H), 1.43 - 1.20 (m, 36H), 1.14 (d, J= 6.6 Hz, 3H), 0.93 - 0.80 (m, 12H). MS: 944.5 m/z
[M+H].
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Example 82 - Compound 82
Compound 82: 2-((9-methyl-4-(((2-(pyrrolidin-I-

yl)ethyl)carbamoyl)oxy)decanoyl)oxy)propane-l,3-diyl (92,97,127,12'7)-bis(octadeca-
9,12-dienoate)

N~ ©O
H
0 0]
(0]

Compound 82 was prepared in 86% yield from Intermediate 80e and 2-(pyrrolidin-I-
yl)ethan-I -amine using the method employed for Example 1. %2 NMR (400 MHz, CDCb) 0
5.87 (s, 1H), 543 - 5.23 (m, 9H), 4.76 (s, 1H), 4.28 (ddd, J= 12.0, 4.5, 2.6 Hz, 2H), 4.15
(ddd, J= 11.9, 5.8, 4.6 Hz, 2H), 3.52 - 3.42 (m, 2H), 2.94 (s, 5H), 2.82 - 2.75 (m, 4H), 2.39
(ddd, J= 8.4, 6.9, 2.0 Hz, 2H), 2.36 - 2.29 (m, 4H), 2.05 (g, J= 6.8 Hz, 8H), 2.01 - 1.76
(m, 7H), 1.67 - 1.45 (m, 8H), 1.40- 1.21 (m, 33H), 1.15 (s, 2H), 0.93 - 0.81 (m, 12H).

MS: 942.3 m/z [M+H].

Example 83 - Compound 83

Compound 83: 2-((10-methyl-4-(((2-(pyrrolidin-I-

yl)ethyl)carbamoyl)oxy)undecanoyl)oxy)propane-1,3-diyl (92,927, 127, 12'7)-bis(octadeca-
9,12-dienoate)

CL\/\NJOI\O
H
© o
O\COJ\/\/\/\/W
0

Compound 83 was prepared in 87% yield from Intermediate 81f and 2-(pyrrolidin-I-
yl)ethan-I -amine using the method employed for Example 1. %2 NMR (400 MHz, CDCb)
5.99 (s, 1H), 545 - 5.19 (m, 9H), 4.76 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 3.2 Hz, 2H), 4.15
(ddd, J= 11.9, 5.8, 4.7 Hz, 2H), 3.50 (d, J= 6.3 Hz, 2H), 2.99 (s, 5H), 2.81 - 2.73 (m, 4H),
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2.39 (ddd, J= 8.2, 6.9, 1.8 Hz, 2H), 2.35 - 2.28 (m, 4H), 2.05 (g, J= 6.8 Hz, 8H), 2.02 -
1.77 (m, 7H), 1.66 - 1.43 (m, 8H), 1.41 - 1.20 (m, 35H), 1.14 (d, J= 6.7 Hz, 2H), 0.95 -
0.81 (m, 12H). MS: 956.5 m/z [M+H].

Example 84 - Compound 84

Compound 84: 2-((4-((( 1-methylazeti din-3-yl)carb amoyl)oxy)decanoyl)oxy)propane-  1,3-
diyl (92,92, 127, 12'Z)-bis(octadeca-9, 12-dienoate)

B
H
© 0
O\COJ\/\/\/\/W
0

Compound 84 was prepared in 87% yield from Intermediate 40d and 1-methylazeti din-3-
amine using the method employed for Example 1. % NMR (500 MHz, CDCb) 0 5.44 -
5.28 (m, 8H), 5.23 (p, J= 5.2 Hz, 1H), 4.77 (d, 3= 7.0 Hz, 1H), 4.46 (s, 1H), 4.28 (dt, J=
10.9, 5.2 Hz, 2H), 4.16 (ddd, J= 8.7, 5.6, 2.8 Hz, 2H), 3.99 (s, 2H), 3.81 (s, 2H), 2.77 (t, =
6.7 Hz, 4H), 2.65 (s, 2H), 2.40 - 2.29 (m, 6H), 2.05 (g, J= 7.0 Hz, 8H), 1.93 (dtd, J= 15.1,
7.6, 3.8 Hz, 1H), 1.83 (q, J= 7.4 Hz, 1H), 1.66 - 1.44 (m, 7H), 1.40 - 1.17 (m, 37H), 0.88
(g, J=7.0 Hz, 9H). MS: 900.4 m/z [M+H].

Example 85- Compound 85

Intermediate 85a: benzyl 4-hydroxyoctanoate
OH

J)\/v

BnO,C

To asolution of 5-butyltetrahydrofuran-2-one (20 g, 1.0 equiv.) in H20 (50 mL) was added
NaOH (5.63 g, 1.0 equiv.). The mixture was stirred at 25 °C for 12 h. Upon completion, the
reaction mixture was concentrated under reduced pressure to remove H20.

The resulting residue was recongtituted in DMF (100 mL) followed by the addition
of BnBr (14.08 g, 1.0 equiv.). The mixture was stirred at 25 °C for 2 h. The reaction
mixture was then concentrated under reduced pressure to remove DMF. The residue was
diluted with H20 (150 mL) and extracted with 3x with EtOAc, dried over Na2SC>4, and

filtered and the filtrate was concentrated under reduced pressure to give aresidue. The
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residue was purified by column chromatography to afford product asayellow oil (15 g,
43%).

Intermediate 85b: benzyl 4-(((4-nitrophenoxy)carbonyl)oxy)octanoate
OJI\O/H\/\/

BnO,C
A mixture of Intermediate 85a (15 g, 1.0 equiv.) in DCM (150 mL) was added (4-
nitrophenyl) carbonochloridate (32.21 g, 5.0 equiv.) under N2, and then pyridine (5.16 mL,
2.0 equiv.) was added to the mixture. The reaction mixture was stirred at 20°C for 1 h under
N 2 atmosphere. The reaction mixture was concentrated under reduced pressure to remove
solvent. The residue was diluted with hexanes and filtered. The filtrate was washed with 3x
with H20. The organic layer was washed with [x with brine, dried over Na2sC>4, and
filtered, and the filtrate was concentrated under reduced pressure to give aresidue. The
residue was purified by column chromatography to afford product asacolorless ail (12 g,
48%). % NMR (400 MHz, CDCb) &8.31 - 8.17 (m, 2H), 7.42 - 7.30 (m, 6H), 5.13 (s,
2H), 4.87 (qd, J= 7.6, 4.8 Hz, 1H), 2.50 (t, J= 7.4 Hz, 2H), 2.11(dtd, J= 15.3, 7.8, 4.0 Hz,
1H), 2.00 (dt, J= 14.7, 7.6 Hz, 1H), 1.82 - 1.69 (m, 1H), 1.63 (ddt, J= 14.3, 8.5, 5.0 Hz,
1H), 1.45 - 1.27 (m, 4H), 1.01 - 0.83 (m, 3H).

Intermediate 85c: benzyl 4-(((2-(pyrrolidin-I-yl)ethyl)carbamoyl)oxy)octanoate

0]
CL\/\NJ\O
H/H\/\/
BnO,C
To asolution of Intermediate 85b (4 g, 2.0 equiv.) and 2-pyrrolidin-I-ylethanamine (550
mg, 1.0 equiv.) in MeCN (20 mL) was added DMAP (59 mg, 0.1 equiv.), then pyridine
(2.27 mL, 3.0 equiv.) a 0 °C. The mixture was stirred at 20 °C for 12 h under N2
atmosphere. The reaction mixture was concentrated under reduced pressure to remove
MeCN (20 mL). The residue was diluted with H20 and extracted 3x with EtOAc. The

combined organic layers were concentrated under reduced pressure to give aresidue. The

residue was purified by column chromatography to afford product asa colorless oil (1.8 g,
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48%). ¥ NMR (400 MHz, CDCh) & 7.32 - 7.23 (m, 5H), 5.03 (d, J= 10.2 Hz, 3H), 4.69
(s, 1H), 3.23 (dg, J= 18.7, 5.9 Hz, 3H), 2.70 (s, 2H), 2.60 - 2.40 (m, 7H), 2.34 (td, J= 8.3,
7.6, 2.7 Hz, 2H), 1.87 (d, J= 10.5 Hz, 1H), 1.70 (t, J = 3.8 Hz, 6H), 1.44 (d, J = 24.4 Hz,
2H), 1.22 (q, J= 11.9 Hz, 4H), 0.80 (t, J = 4.2 Hz, 3H).

Compound 85: 2-((4-(((2-(pyrrolidin-I-yl)ethyl)carbamoyl)oxy)octanoyl)oxy)propane-|,3-
diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

CL\/\Nj\o
H
° O
O\COJ\/\/\/\/=\/=\/\/\
o)

To asolution of Intermediate 85c (1.8 g, 1.0 equiv.) in THF (9 mL) was added Pd/C (0.5 g,
10% w/w) under Ar atmosphere. The mixture was purged with 3x TI», and then the mixture
was stirred at 20 °C for 5 hunder TI> atmosphere (15 Psi). The reaction mixture was filtered
and the filtrate was concentrated under reduced pressure to remove THF.

The resulting crude material was dissolved in DCM (10 mL), followed by the
addition of DMAP (65 mg, 0.16 equiv.), DIPEA (1.74 mL, 3.0 equiv.), and EDCI (638 mg,
1.0 equiv.). Then, Intermediate |c (2.05 g, 1.0 equiv.) was added at 0 °C. The mixture was
stirred a 20 °C for 16 h under N 2 atmosphere. The reaction mixture was concentrated under
reduced pressure to remove DCM. The residue was diluted with H20 and extracted 2x with
EtOAc. The combined organic layers were concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography to afford product asa
colorless oil (1.1 g, 50%). % NMR (400 MHz, CDCh) &5.39 - 5.21 (m, 7H), 5.18 (p, J=
5.0 Hz, 1H), 5.09 (s, 1H), 4.76 - 4.65 (m, 1H), 4.22 (dd, J= 12.0, 4.4 Hz, 2H), 4.08 (ddd, J
=119, 5.9, 34 Hz, 2H), 3.21 (q, J= 59 Hz, 2H), 2.70 (t, J= 6.4 Hz, 4H), 251 (t, J=6.1
Hz, 2H), 2.43 (d, J= 5.8 Hz, 4H), 2.32 (ddd, J= 8.9, 6.6, 3.9 Hz, 2H), 2.25 (t, J= 7.6 Hz,
4H), 1.98 (g, J= 6.9 Hz, 7H), 1.91 - 1.66 (m, 6H), 1.63 - 1.35 (m, 8H), 1.25 (tq, J= 7.2,
4.6, 3.6 Hz, 30H), 0.82 (t, J= 6.7 Hz, 9H). MS: 900.4 m/z [M +H].
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Example 86 - Compound 86

Intermediate 86a: ethyl 1-nonanoylcyclopropane- 1-carboxylate

o)
Etozcjvv\/\/\/\

To asolution of diethyl cyclopropane-1,I-dicarboxylate (15 g, 1.0 equiv.) in THF (200 mL)
was added a solution of bromo(octyl)magnesium (2 M, 40.28 mL, 1.0 equiv.) drop-wise at -
78 °C under N2. The reaction mixture was stirred at -78 °C for 5 h under N 2 atmosphere.
The reaction mixture was poured into ag. NLLCI. The aqueous phase was extracted 3x with
ethyl acetate. The combined organic phase was washed with brine, dried with anhydrous
Na2SC>4, filtered and the filtrate was concentrated in vacuum. The residue was purified with
another batch by column chromatography to afford product asa colorless oil (20 g, 48%).
¥NMR (400 MHz, CDCb) 34.13 (g, J= 7.1 Hz, 2H), 2.75 (t, J= 7.4 Hz, 2H), 1.57 - 1.49
(m, 2H), 1.35 (s, 4H), 1.21 (dd, J= 8.7, 5.5 Hz, 16H), 0.81 (t, J= 6.9 Hz, 6H).

Intermediate 86b: 1-nonanoylcyclopropane-l -carboxylic acid

0]
Hozc:lvv\/\/\/\

To asolution of Intermediate 86a (10 g, 1.0 equiv.) in EtOH (60 mL) and H20 (30 mL) was
added NaOH (2.36 g, 1.5 equiv.) and LiOH (1.41 g, 1.5 equiv.) under N2. Then the mixture
was dtirred at 20 °C for 12 h under N2atmosphere. The reaction mixture was concentrated
under reduced pressure to give aresidue. The residue was adjusted to pH = 3 by adding 2N
HC1. Then the mixture was stirred at 20 °C for 1 h under N2atmosphere. The mixture was
extracted 3x with EtOAc. The combined organic phase was washed with brine, dried with
anhydrous Na2SC>4, filtered and the filtrate was concentrated in vacuum. Product as
collected asacolorless ail (549, 28%). ¥NMR (400 MHz, CDCb) &2.25 (t, J= 7.3 Hz,
2H), 1.96 (q, J= 4.4 Hz, 2H), 1.71 (g, J = 4.4 Hz, 2H), 1.64 - 155 (m, 2H), 1.26 (d, J= 3.7
Hz, 11H), 0.87 (t, J= 6.8 Hz, 3H).

Intermediate 86¢: 2-(( 1-nonanoylcyclopropane-  1-carbonyl)oxy)propane- 1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)
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To asolution of Intermediate 86b (6 g, 1.0 equiv.), Int. 1C (16.36 g, 1.0 equiv.), EDCI (6.10
g, 1.5 equiv.), and DMAP (324 mg, 0.1 equiv.) in DCM (60 mL) was added Et3N (5.54 mL,
1.5 equiv.) at 0 °C. The mixture was stirred at 20 °C for 12 h under N2 atmosphere. Then it
was poured into water and extracted 3x with EtOAc. The combined organic phase was
washed with brine, dried with anhydrous Na2SC>4, filtered and the filtrate was concentrated
in vacuum to give aresidue. The residue was purified by column chromatography to afford
product as a colorless ail (8 g, 37%). 'HNMR (400 MHz, CDCh) &5.28 (dtt, J= 15.4,
10.8, 5.8 Hz, 8H), 4.26 (dd, J= 12.1, 4.1 Hz, 2H), 4.08 (dd, J= 12.0, 6.1 Hz, 2H), 2.76 (t, J
= 7.4 Hz, 2H), 2.70 (t, J= 6.4 Hz, 4H), 2.24 (t, J= 7.6 Hz, 4H), 1.98 (q, J= 6.9 Hz, 8H),
1.54 (p, J= 7.0 Hz, 9H), 143 - 133 (m, 4H), 1.33 - 1.15 (m, 40H), 0.85 - 0.79 (m, 9H).

Intermediate 86d: 2-(( 1-( 1-hydroxynonyl)cyclopropane-  1-carbonyl)oxy)propane- 1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

A solution of Intermediate 86¢ (8 g, 1.0 equiv) in 4:2:1 THF/water/toluene (0.05-0.1 M)
was cooled to 0-5 °C, followed by the addition of NaBHi (5.0 equiv). The reaction was
maintained at 0-25 °C for at least 2 h. The reaction was then diluted with water and EtOAc,
and the resulting biphasic mixture was extracted 3x with EtOAc. The combined organic
layers were dried over Na2S04, filtered, and concentrated in vacuo. Crude material was
purified by column chromatography (EtOAc/hexanes) to afford product asa colorless oil (4
g, 50%). % NMR (400 MHz, CDCb) $5.33 (tdg, J= 20.3, 10.0, 5.6, 4.9 Hz, 9H), 4.28 (i,
J=12.0, 4.0 Hz, 2H), 4.15 (ddd, J= 12.1, 8.0, 6.0 Hz, 2H), 3.18 - 3.12 (m, 1H), 2.77 (t, I =
6.4 Hz, 4H), 2.68 (s, 1H), 2.31 (t, J= 7.6 Hz, 4H), 2.05 (q, J= 6.9 Hz, 8H), 1.68- 1.48 (m,
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9H), 1.40 - 1.16 (m, 43H), 0.98 (ddd, J= 10.7, 6.7, 4.1 Hz, 1H), 0.93 - 0.84 (m, 9H), 0.81
(ddd, J= 9.7, 6.8, 4.2 Hz, 1H).

Intermediate 86e: 2-((I -(1-(((4-nitrophenoxy)carbonyl)oxy)nonyl)cyclopropane- 1-
carbonyl)oxy)propane-1,3-diyl (92,92, 12Z,12'Z7)-bis(octadeca-9, 12-dienoate)

0.0
ozn/©/ 3 ;)E/O\/\/\

To asolution of Intermediate 86d (4 g, 1.0 equiv.) in DCM (40 mL) was added (4-
nitrophenyl) carbonochloridate (1.95 g, 2.0 equiv.), pyridine (781 uL, 2.0 equiv.) at 0 °C.
Then the reaction mixture was stirred at 20 °C for 5 h under N2atmosphere. The reaction
mixture was concentrated under reduced pressure toremove solvent. The residue was
reconstitituted in petroleum ether and filtered. The filtrate was washed with H20. The
combined organic layers were washed with brine, dried over anhydrous Na2SC>4, filtered
and the filtrate was concentrated under reduced pressure to give aresidue. The residue was
purified by column chromatography to afford product (2.8 g, 59%) asacolorless oil. 'H
NM R (400 MHz, CDCh) &8.25 - 8.16 (m, 2H), 7.36 - 7.26 (m, 2H), 5.27 (tdd, J= 17.5,
8.5, 4.0 Hz, 9H), 4.84 (dd, J= 9.1, 4.4 Hz, 1H), 4.24 (dt, J= 11.9, 3.8 Hz, 2H), 4.08 (dd, J=
11.8, 5.8 Hz, 2H), 2.70 (t, J= 6.3 Hz, 4H), 2.23 (t, J= 7.6 Hz, 4H), 2.02 - 1.93 (m, 8H),
1.82 (qd, J= 9.4, 49 Hz, 1H), 1.69 (ddt, J= 14.4, 10.0, 5.1 Hz, 1H), 1.53 (t, J= 7.2 Hz,
5H), 1.35 - 1.16 (m, 41H), 1.07 - 1.01 (m, 1H), 0.95 - 0.89 (m, 1H), 0.81 (td, J= 6.8, 3.8
Hz, 9H).

Compound 86: 2-((I-(I-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)nonyl)cyclopropane-I-carbonyl)oxy) propane-
1,3-diyl (92,92, 12Z, 12'Z7)-bis(octadeca-9, 12-dienoate)

250



10

15

20

WO 2020/118041 PCT/US2019/064663

Compound 86 was synthesized in 90% yield from Intermediate 86e and N 1-ethyl -NI-
methylethane- 1,2-diamine using the method employed in Example 1. HNMR (400 MHz,
CDCb) 8553 - 5.22 (m, 9H), 4.75 (dd, J= 8.7, 4.5 Hz, 1H), 4.29 (ddd, J= 22.5, 11.8, 4.3
Hz, 2H), 4.14 (dd, J= 11.9, 5.9 Hz, 2H), 3.30 (s, 2H), 2.77 (t, J= 6.5 Hz, 4H), 2.54 (d, J=
13.7 Hz, 4H), 2.38 - 2.21 (m, 7H), 2.05 (g, J = 6.7 Hz, 8H), 1.60 (t, J= 7.4 Hz, 4H), 1.40 -
1.17 (m, 40H), 1.12- 1.00 (m, 4H), 0.91 - 0.85 (m, 9H). MS: 956.1 m/z [M+H].

Example 87 - Compound 87

Intermediate 87a 5-hydroxy-I-methyl-5-octylpyrrolidin-2-one

| OH
o\v\Nj/\/\/\/\
To asolution of I-methylpyrrolidine-2,5-dione (20 g, 1.0 equiv.) in THF (150 mL) was
added bromo(octyl)magnesium (1M, 265 mL, 1.5 equiv.) drop wise a 15 °C under N2. The
mixture was stirred at 15 °C for 12 h under N2. The reaction mixture was quenched by
addition NH4CI at 0°C. Then it was diluted with H20 and extracted 3x with EtOAc. The
combined organic layers were concentrated under reduced pressure to give aresidue. The
residue was purified by column chromatography to afford product asawhite solid (20 g,
50%). ¥% NMR (400 MHz, CDCb) & 3.75 (s, 1H), 2.68 (s, 3H), 2.43 (ddd, J= 16.4, 10.0,
6.4 Hz, 1H), 2.24 (ddd, J= 16.7, 10.0, 4.5 Hz, 1H), 2.13 (ddd, J= 13.6, 10.0, 6.4 Hz, 1H),
1.93 (ddd, J= 14.0, 10.0, 4.7 Hz, 1H), 1.73 (td, J= 13.4, 3.7 Hz, 1H), 1.65- 1.53 (m, 1H),
1.35- 1.07 (m, 12H), 0.88 - 0.76 (m, 3H).

Intermediate 87b: 4-hydroxy -N-methyldodecanamide
o]

\NW
H

OH
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To a solution of Intermediate 87a (15 g, 1.0 equiv.) in MeOH (150 mL) was added NaBHi
(4.99 g, 2.0 equiv.) portion wise. The mixture was stirred a 15 °C for 1h. The reaction
mixture was quenched by addition NH4Cl a 0°C, and then it was diluted with H20 and
extracted 3x with EtOAc. The combined organic layers were concentrated under reduced
pressure to give aresidue. The residue was purified by column chromatography to afford
product as awhite solid (8 g, 53%). ¥ANMR (400 MHz, CDCb) 6 5.93 (s, 1H), 3.60 - 3.50
(m, 1H), 3.11(s, 1H), 2.73 (d, J= 4.8 Hz, 3H), 2.36 - 2.20 (m, 2H), 1.78 (dddd, J = 14.3,
7.7, 6.5, 3.1 Hz, 1H), 1.58 (ddt, J= 13.8, 8.9, 6.7 Hz, 1H), 1.46 - 1.09 (m, 14H), 0.87 -
0.77 (m, 3H).

Intermediates 87c: (R)-4-hydroxy-N-methyldodecanamide

0]
\H)W\/\

OH

To a solution of Intermediate 87b (1.0 equiv.) in Et20 (0.2 - 1M) was added Novozym 435
(0.89 equiv.) and vinyl acetate (2.0 equiv.). The mixture was stirred at 40 °C for 96 h. The
reaction mixture was concentrated under reduced pressure to give aresidue, which was
purified by column chromatography. The material collected from the column was subject to
the reaction conditions above three additional times to afford (R)-88c asayellow solid
(24% yield). % NMR (400 MHz, CDCb) 8 5.57 (s, 1H), 3.54 (it, J= 7.7, 3.6 Hz, 1H), 2.74
(d, J= 4.8 Hz, 3H), 2.64 (d, J= 4.6 Hz, 1H), 2.28 (td, J= 6.9, 3.2 Hz, 2H), 1.79 (dtd, J=
14.3, 7.0, 3.1 Hz, 1H), 1.60 (ddd, J= 14.3, 8.8, 6.8 Hz, 2H), 1.47 - 1.12 (m, 14H), 0.87 —
0.74 (m, 3H).

Intermediate 87d: (R)-5-octyldihydrofuran-2(3H)-one
(R
0:<Oj“ \/\/\/\

To a solution of Intermediate 87d (1.0 equiv.) in MeOH (0.1-1.0 M) was added NaOH (10
equiv.). The mixture was stirred a 80 °C for at least 2 h, after which point HC1 (1-2 M, 10.0
equiv.) was added, and the mixture was stirred at 25 °C for 1h. The reaction mixture was
then diluted with H20 and extracted 3x with EtOAc. The combined organic layers were
concentrated under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford product asayellow oil. ‘HNMR (400 MHz, CDChb) 4 4.41 (p, J
= 6.9 Hz, 1H), 2.46 (dd, J= 9.5, 6.8 Hz, 2H), 2.25 (dq, J= 13.4, 6.7 Hz, 1H), 1.78 (dg, J=
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12.7, 9.3 Hz, 1H), 1.72 - 1.62 (m, 1H), 1.60- 1.47 (m, 1H), 1.45 - 1.10 (m, 14H), 0.81 (t, J
= 6.6 Hz, 3H).

Intermediate 87e: (R)-4-hydroxydodecanoic acid
OH

(R)
o

OH
To a solution of Intermediate 87d (1.0 equiv.) in H20 (0.1 - 0.5 M) was added NaOH (1.0 -
1.5 equiv.). The mixture was stirred at 20 °C for at least 12 h. The reaction mixture was
concentrated under reduced pressure to afford aresidue. The residue was used directly in

the next step without additional purification.

Intermediate 88f: benzyl (R)-4-hydroxydodecanoate
OH

(R)
o

OBn
To a solution of Intermediate 87e (1.0 equiv.) in acetone (0.3 M) was added BnBr (1.0- 15
equiv.) and TBAB (0.05 equiv.). The mixture was stirred a 60 °C for at least 12 h. The
reaction mixture was concentrated under reduced pressure to give aresidue. The residue
was either (1) purified by column chromatography, or (2) diluted with sat. NaHCCDb,
extracted 3x with EtOAc, dried over Na2S04, filtered, and concentrated before being
purified by column chromatography. Both methods afforded product asayellow oil (54%
yield).

Intermediate 87g: benzyl (R)-4-(((4-nitrophenoxy)carbonyl)oxy)dodecanoate

O

(R}

.|Io

o
OBn
To a solution of Intermediate 87f (1.0 equiv.) and (4-nitrophenyl) carbonochloridate (3.0
equiv.) inDCM (0.3 - 1.2 M) was added pyridine (3.0 equiv.) a 0-20 °C. The mixture was
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stirred at 20 °C for at least 1 h. The reaction mixture was concentrated under reduced
pressure to give aresidue. The residue was either (1) purified by column chromatography,
or (2) used in the next step without additional purification. Product was collected asapale
yellow oil (36%). ¥*NMR (400 MHz, CDCb) 6 8.22 - 8.13 (m, 2H), 7.29 (d, J= 2.0 Hz,
2H), 5.06 (s, 2H), 4.80 (it, J= 7.6, 4.5 Hz, 1H), 2.43 (t, J= 7.5 Hz, 2H), 2.04 (ddt, J= 15.3,
7.8, 3.9 Hz, 1H), 1.92 (dg, J= 14.8, 7.4 Hz, 1H), 1.71 - 161 (m, 1H), 1.55 (ddd, J = 14.3,
9.1, 5.2 Hz, 1H), 1.36 - 1.13 (m, 11H), 0.81 (t, J= 6.6 Hz, 3H).

Intermediate 87h: benzyl (R)-4-(((2-
(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoate
| O
Ay
(R}
o)
OBn
To asolution of Intermediate 879 (1.0 equiv.) and N'-ethyl-N'-methyl-ethane- 1,2-diamine
(3.0 equiv.) in MeCN (0.1 - 0.2 M) was added pyridine (3.0 equiv.) and DMAP (1.0
equiv.). The mixture was stirred at 20 °C for 12 h. The reaction mixture was then
concentrated under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford product asayellow oil (88%). ‘H NMR (400 MHz, CDCb) &
7.60 - 7.23 (m, 5H), 5.04 (s, 2H), 4.77 - 4.64 (m, 1H), 3.15 (t, J= 6.0 Hz, 2H), 2.36 (ddt, J
= 12.3, 8.2, 4.3 Hz, 5H), 2.13 (s, 3H), 1.96- 1.70 (m, 3H), 1.55 - 1.33 (m, 2H), 1.29- 1.10
(m, 13H), 0.96 (t, J= 7.1 Hz, 3H), 0.80 (t, J= 6.7 Hz, 4H).

Compound 87: 2-(((R)-4-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

254



WO 2020/118041 PCT/US2019/064663

| 0]
H z
(R)
° (0]
Ll
o

To asolution of Intermediate 87h (1.0 equiv.) in THF (0.1 - 0.3 M) was added Pd/C
(10% wi/w, 1.0 equiv.). The mixture was stirred at 15-20 °C for 5 h under Tl (15 Psi). Upon
completion, the reaction mixture was filtered and concentrated under reduced pressure to

5 give aresidue.

To asolution of the residue and Intermediate |c (1.0 equiv.) in DCM (10 mL) was
added EDCI (1.0 equiv.), DMAP (0.1 equiv.) and Et3N (1.05 equiv.). The mixture was
stirred at 15-20 °C for at least 12 h. The reaction mixture was concentrated under reduced
pressure to remove DCM. The residue was diluted with H>O and extracted with 3x with

10 EtOAc. The combined organic layers were dried over Na2SC>4, filtered, and the filtrate was
concentrated under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford product asapale yellow oil (61%). '‘H NMR (400 MHz, CDCb)
55.40 - 5.14 (m, 8H), 5.08 (s, 1H), 4.69 (s, 1H), 4.21 (dd, J= 11.9, 4.4 Hz, 2H), 4.08 (ddd,
J= 120, 5.9, 33 Hz, 2H), 3.17 (g, J= 6.0 Hz, 2H), 2.70 (t, J= 6.4 Hz, 4H), 2.43 - 2.28 (m,

15  5H), 2.24 (t, J= 7.6 Hz, 4H), 2.14 (s, 3H), 1.98 (g, J= 6.8 Hz, 7H), 1.79 (ddd, J = 42.6,
15.1, 7.5 Hz, 3H), 153 (q, J= 7.6 Hz, 8H), 1.33 - 1.06 (m, 37H), 0.97 (t, J= 7.1 Hz, 3H),
0.81 (g, J= 6.3 Hz, 9H). MS: 944.1 m/z [M+H].

Example 88 - Compound 88

20  Intermediate 88a: (S)-1-(methylamino)-I-oxododecan-4-yI acetate

0O
~ )

Ir=

(:)Ac

Intermediate 88a was synthesized in 23% yield from Intermediate 87b using the method
employed for Intermediate 87c. ¥:NMR (400 MHz, CDCb) & 5.81 (s, 1H), 4.79 (tq, J=
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8.5, 3.8 Hz, 1H), 2.73 (d, J= 4.8 Hz, 3H), 2.17 - 2.03 (m, 2H), 1.98 (s, 3H), 1.95 - 1.63 (m,

3H), 1.56 - 1.36 (m, 2H), 1.19 (d, J= 8.4 Hz, 11H), 0.81 (t, J = 6.8 Hz, 3H).

Intermediate 88b: (S)-5-octyldihydrofuran-2(3H)-one

0
OW
]

Intermediate 88b was prepared from Intermediate 88a using the method employed for
Intermediate 87d.

Intermediate 88c: benzyl (S)-4-hydroxydodecanoate

OH
(S)
(o)
OBn

Intermediate 88c was prepared from Intermediate 88b using the methods employed for
Intermediate 87e and 87f.

Intermediate 88d: benzyl (S)-4-(((4-nitrophenoxy)carbonyl)oxy)dodecanoate

O,N
2 o)

OJ\O
(S)
(o)
OBn

Intermediate 88d was prepared from Intermediate 88c using the method employed for
Intermediate 88g.

Intermediate 88e: benzyl (S)-4-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)dodecanoate
B
H
O]
o)
OBn
Intermediate 88e was synthesized in 47% yield from Intermediate 88e using the method
employed for Intermediate 87h.
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Compound 88: 2-(((S)-4-(((2-
(ethyl (methyl)amino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

| 0]
H
(S)
0 0]
Lt
(0]

Compound 88 was synthesized in 42% vyield from Intermediate 88d using the method
employed in Compound 87.
Example 89 - Compound 89

Intermediate 89a: 4-hydroxy-N-methyldecanamide
o)
\HW
OH
To amixture of methanamine hydrochloride (19.83 g, 2.0 equiv.) in DCM (250 mL) was

added AlMes; (2 M, 152.72 mL, 2.08 equiv.) drop-wise at O °C under N2. The mixture was
stirred at 0 °C for 2 h under N 2atmosphere. This solution was then added drop-wise to a
solution of 5-hexyltetrahydrofuran-2-one (25 g, 1.0 equiv.) in DCM (100 ml) under N2. The
mixture was stirred at 20 °C for 12 h under N2atmosphere. The reaction mixture was
guenched by adding HC1 (1N) at O °C. The organic layer was separated and the aqueous
layer was extracted 3x with DCM. The combined organic phase was washed 3x with brine,
dried with anhydrous Na2SC>4, filtered and the filtrate was concentrated in vacuum. The
residue was purified by column chromatography to afford product asawhite solid (67%).
¥NMR (400 MHz, CD30D) &3.50 (td, J= 7.7, 3.8 Hz, 1H), 2.70 (s, 3H), 2.29 (ddt, J =
25.9, 16.6, 6.8 Hz, 2H), 1.77 (dddd, J= 13.3, 9.2, 6.8, 3.9 Hz, 1H), 1.66 - 1.55 (m, 1H),
1.42 (h, J= 4.0 Hz, 3H), 1.39- 1.25 (m, 8H), 0.95 - 0.87 (m, 3H).

257



10

15

20

25

WO 2020/118041 PCT/US2019/064663

Intermediate 89b: (S)-I-(methylamino)-l-oxodecan-4-yl  acetate

\HJ\/\@/\/\/\
Intermediate 89b was synthesized in 23% yield using the method employed in Intermediate
87c. % NMR (400 MHz, CDCh) 85.70 (s, 1H), 4.79 (tt, J= 8.4, 4.4 Hz, 1H), 2.74 (d, J=
4.8 Hz, 3H), 2.11(dp, J=21.3, 7.7, 7.2 Hz, 2H), 1.98 (s, 3H), 1.86 (tdd, J= 13.6, 6.7, 3.2
Hz, 1H), 1.81 - 1.70 (m, 1H), 1.45 (ddp, J= 19.0, 13.6, 6.6, 6.1 Hz, 2H), 1.27 - 1.12 (m,
8H), 0.80 (t, J= 6.7 Hz, 3H).

Intermediate 89c: (S)-5-hexyldihydrofuran-2(3H)-one

Intermediate 89c was synthesized in 78% yield from Intermediate 89b using the method
employed in Intermediate 87d. % NMR (400 MHz, CDCh) 64.48 (ddd, J= 13.7, 7.5, 5.6
Hz, 1H), 2.52 (dd, J= 9.5, 6.9 Hz, 2H), 2.31 (dq, J= 13.4, 6.7 Hz, 1H), 1.91 - 1.80 (m,
1H), 1.80 - 1.68 (m, 1H), 1.58 (dg, J= 13.8, 5.2 Hz, 1H), 151 - 1.21 (m, 8H), 0.87 (t, J=
6.6 Hz, 3H).

Intermediate 89d: benzyl (S)-4-hydroxydecanoate
OH

(s)
o)

OBn
To asolution of Intermediate 89c (3 g, 1.0 equiv.) in EtOH (25 mL) and H20 (5
mL) was added NaOH (1.1equiv.) under N2. Then the mixture was stirred at 20 °C for 12 h
under N 2atmosphere. The reaction mixture was concentrated under reduced pressure to
remove solvent.
The resulting residue was subjected to the method employed in Intermediate 87f to

afford product asa colorless oil (3 g, 50%).
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Intermediate 89e: benzyl (S)-4-(((4-nitrophenoxy)carbonyl)oxy)decanoate

RO
OJJ\O

OBn
To asolution of Intermediate 89d (3 g, 1.0 equiv.) in DCM (30 mL) was added (4-
nitrophenyl) carbonochloridate (3.26 g, 1.5 equiv.) under N2. Then pyridine (1.74 mL, 2.0
equiv.) was added to the mixture at O °C. The reaction mixture was stirred at 20 °C for 1h
under N 2atmosphere. The reaction mixture was concentrated under reduced pressure to
remove solvent to give aresidue. The residue was diluted with hexanes and filtered. The
filtrate was washed 3x with H20. The combined organic layers were washed with brine,
dried over Na2SC>4, filtered and the filtrate was concentrated under reduced pressure to give
aresidue. The residue was purified by column chromatography to afford product asa
colorless oil (2 g, 42%). IHNMR (400 MHz, CD30D) 5 8.23 - 8.13 (m, 2H), 7.37 - 7.18
(m, 7H), 5.39 (s, 1H), 5.03 (s, 2H), 4.47 (s, 1H), 4.00 (g, J= 7.1 Hz, 2H), 2.42 (t, J= 7.1
Hz, 2H), 2.00 (ddt, J= 15.0, 7.6, 3.8 Hz, 1H), 1.85 (dt, J= 14.7, 7.3 Hz, 1H), 1.57 (ddt, J =
21.1, 14.0, 6.8 Hz, 2H), 1.35- 1.16 (m, 8H), 0.91 - 0.75 (m, 3H).

Intermediate 89f: benzyl (S)-4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)decanoate

G,

H
(s)
o)

OBn
To asolution of Intermediate 89 (1.5 g, 1.0 equiv.) in MeCN (15 mL) was added 2-
pyrrolidin-l-ylethanamine  (1.16 g, 3.0 equiv.), pyridine (819 uL, 3.0 equiv.), DMAP (413
mg, 1.0 equiv.) under N2. The mixture was stirred at 20 °C for 5 h under N 2 atmosphere.
The reaction mixture was concentrated under reduced pressure to remove solvent. The
residue was diluted with EtOAc and washed 5x with 1N NaHCCb and 3x with H20. The
organic layer was dried over Na2SC>4, filtered and the filtrate was concentrated under
reduced pressure to give aresidue. The residue was purified by column chromatography to

afford product asapae yellow oil (0.65 g, 41%). % NMR (400 MHz, CD30D) & 7.41 -
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7.26 (m, 5H), 5.11(d, J= 1.1 Hz, 2H), 4.73 (dd, J= 10.9, 5.7 Hz, 1H), 3.26 (dd, J= 6.7, 1.7
Hz, 2H), 2.79 - 2.57 (m, 7H), 2.41 (t, J= 7.4 Hz, 2H), 1.99 - 1.74 (m, 7H), 153 (s, 3H),
1.36 - 1.24 (m, 9H), 0.92 - 0.86 (m, 3H).

Compound 89: 2-(((S)-4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)decanoyl ) oxy) propane-
1,3-diyl (92,92, 12Z, 12'Z)-bis(octadeca-9, 12-dienoate)

o
N\/\N)j\o
H
(S
° 0]
O\E\OJJ\MA/W

To asuspension of Pd/C (10% w/w, 1.0- 3.0 equiv.) in THF (0.2 - 0.5 M) was
added Intermediate 89f (1.0 equiv.). The mixture was stirred at 15-25 °C for at least 5 h
under Tl» atmosphere. The reaction mixture was filtered, and the filtrate was concentrated to
give aresidue. The residue was purified by column chromatography to afford product asa
thick brown oil.

The brown oil was immediately reconstituted in DCM (0.2 - 0.5 M) followed by the
addition of Intermediate [c (1.0 equiv.), EDCI (1.2 equiv.), DMAP (0.1 - 0.2 equiv.) and
Et3N (1.5 equiv.) at 0 °C under N2. The mixture was stirred at 20 °C for at least 12 h under
N 2 atmosphere. The mixture was diluted with H20 and extracted 3x with EtOAc. The
combined organic phase was washed with brine, dried with anhydrous Na2SC>4, filtered and
the filtrate was concentrated in vacuum. The residue was purified by column
chromatography to afford product asa colorless oil (23%). THNMR (400 MHz, CDCh) &
5.49 - 522 (m, 8H), 5.18 (t, J= 5.0 Hz, 1H), 5.08 (s, 1H), 4.69 (s, 1H), 4.22 (dd, J= 11.9,
4.4 Hz, 2H), 4.12 - 4.04 (m, 2H), 3.28 - 3.15 (m, 2H), 2.70 (t, J= 6.5 Hz, 4H), 2.50 (d, J =
6.4 Hz, 2H), 2.44 (s, 3H), 2.32 (s, 2H), 2.25 (t, J= 7.6 Hz, 4H), 1.98 (q, J= 6.9 Hz, 8H),
1.83 (s, 1H), 1.70 (s, 5H), 1.38 - 0.94 (m, 37H), 0.81 (q, J= 6.6 Hz, 9H). MS: 928.4 m/z
[M+H].
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Example 90 - Compound 90

Intermediate 90a: benzyl (R)-4-hydroxydecanoate
OH

(R}
@)

OBn
Intermediate 90awas synthesized in 27% yield from (5R)-5-hexyltetrahydrofuran-2-one
5 using the method employed in Intermediate 89d.

Intermediate 90b: benzyl (R)-4-(((4-nitrophenoxy)carbonyl)oxy)decanoate

Ot
OJJ\Q

Intermediate 90b was synthesized in 57% yield from Intermediate 90a using the method
10  employed in Intermediate 89e.

Intermediate 90c: benzyl (R)-4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)decanoate

C}‘l\/\Nj\o

H B

(R)
(o)

OBn
Intermediate 90c was synthesized in 47% yield from Intermediate 90b using the method
15  employed in Intermediate 89f.

Compound 90: 2-(((R)-4-(((2-(pyrrolidin-1-yl)ethyl)carbamoyl)oxy)decanoyl)oxy)propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
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Gt
N\/\NJ\O
H B
(R)
0 0O
Of\oww

Compound 90 was synthesized in 27% yield from Intermediate 90c using the method
employed in Compound 89.
Example 91- Compound 91

Intermediate 91a: 4-hydroxy dodecanoic acid
OH

o)

OH
To a solution of 5-octyltetrahydrofuran-2-one (20 g, 1.0e quiv.) in H20 (200 mL) was
added NaOH (4.03 g, 1.0 equiv.). The mixture was stirred a 20 °C for 12 h under N2
atmosphere. The reaction mixture was concentrated under reduced pressure to remove H20.
This afforded crude product as awhite solid (14 g, 65%). ¥4 NMR (400 MHz, D20) & 3.55
(ddd, J= 9.5, 7.5, 4.6 Hz, 1H), 2.19 (qdd, J= 15.0, 9.3, 6.3 Hz, 2H), 1.69 (dddd, J= 13.9,
9.4, 6.4, 4.4 Hz, 1H), 1.59 (dddd, J= 14.0, 9.2, 7.7, 6.4 Hz, 1H), 1.46 - 1.30 (m, 3H), 1.23
(d, J= 6.6 Hz, 11H), 0.86 - 0.77 (m, 3H).

Intermediate 91b: benzyl 4-hydroxy dodecanoate
OH

(0]

OBn
To a solution of Intermediate 91a (10 g, 1.0 equiv.) in DMF (100 mL) was added BnBr
(7.91 g, 1.0 equiv.). The mixture was stirred a 20 °C for 2 h under N 2atmosphere. The
mixture was diluted with H20 and extracted 2x with EtOAc. The combined organic layers
were concentrated under reduced pressure to give aresidue. The residue was purified by

column chromatography to afford product as a colorless oil (5.7 g, 40%). THNMR (400
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MHz, CDCb) & 7.46 - 7.28 (m, 5H), 5.12 (s, 2H), 3.61 (h, J= 4.6 Hz, 1H), 2.51 (td, J= 7.3,
2.9 Hz, 2H), 1.86 (dtd, J= 14.6, 7.4, 3.5 Hz, 1H), 1.76- 1.59 (m, 3H), 1.42 (g, J= 12.1, 9.1
Hz, 4H), 1.28 (d, J= 11.9 Hz, 12H), 0.88 (t, J = 6.8 Hz, 3H).

Intermediate 91c: benzyl 4-(((4-nitrophenoxy)carbonyl)oxy)dodecanoate
OJ\O

o)
OBn

To a solution of Intermediate 91b (10 g, 1.0 equiv.) and (4-nitrophenyl) carbonochloridate
(9.87 g, 1.05 equiv.) in DCM (100 mL) was added pyridine (3.95 mL, 1.5 equiv.) a 0 °C.
The mixture was stirred a 20 °C for 1h under N 2 atmosphere. The reaction mixture was
concentrated under reduced pressure to remove DCM. The residue was diluted with H20
and extracted 3x with EtOAc. The combined organic layers were concentrated under
reduced pressure to give aresidue. The residue was purified by column chromatography to
afford product asacolorless oil (7.5 g, 49%). ¥4 NMR (400 MHz, CDCb) 4 8.30- 8.21
(m, 2H), 7.48 - 7.26 (m, 7H), 5.22 (d, J= 69.6 Hz, 2H), 4.87 (tt, J= 7.5, 4.5 Hz, 1H), 2.59
- 2.42 (m, 2H), 1.80 - 1.57 (m, 2H), 1.52 - 1.16 (m, 13H), 0.88 (t, J= 6.6 Hz, 3H).

Intermediate 91d: benzyl 4-(((2-(dimethylamino)ethyl)carbamoyl)oxy)dodecanoate
| o]
/N\/\NJ\O
H
OBn
To a solution of Intermediate 91c (1.0 equiv.) in MeCN (0.1 - 0.5 M) was added diamine or
amino alcohol (N',N'-dimethylethane- 1,2-diamine (2.0 - 3.0 equiv.)), pyridine (3.0 equiv.),
and DMAP (0. 1equiv.) a 0 °C. The mixture was stirred at 15-25 °C for at least 2 h. Upon
completion, the reaction mixture was concentrated under reduced pressure, diluted with
H20, and extracted 3x with EtOAc. The combined organic layers were concentrated to
afford aresidue, which was purified by column chromatography to afford product as a
yellow oil (79%). ¥ NMR (400 MHz, CDCb) & 7.46 - 7.28 (m, 5H), 5.08 (s, 1H), 4.76 (s,
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1H), 3.23 (g, J= 5.9 Hz, 2H), 2.40 (ddt, J = 12.0, 8.9, 4.5 Hz, 4H), 2.21 (s, 7H), 1.94 (d, J=
9.9 Hz, 1H), 1.82 (p, J= 7.6 Hz, 1H), 1.61 - 1.40 (m, 3H), 1.39- 1.16 (m, 14H), 0.87 (t, J=
6.7 Hz, 3H).

Compound 9 1: 2-((4-(((2-(dimethylamino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-
1,3-diyl (92,92, 127, 12'7)-bis(octadeca-9, 12-dienoate)

| (0]
H
0 0]
o

To asolution of Intermediate 91d in THF (0.1 - 0.5 M) was added Pd/C (10% w/w). The
mixture was stirred at 25 °C for at least 5h under TI; atmosphere at 15 Psi. The resulting
product was diluted in THF and filtered to remove the solid. The filtrate was concentrated
in vacuo. The residue was purified by column chromatography to afford carboxylic acid
intermediate as abrown oil.

From the resulting oil, Compound 91 was subsequently synthesized in 15% yield
using the method employed in Intermediate 90f. %2 NMR (400 MHz, CDCb) & 5.44 - 5.26
(m, 8H), 5.27 - 5.20 (m, 1H), 5.12 (s, 1H), 4.75 (s, 1H), 4.28 (ddd, J= 11.9, 4.5, 1.3 Hz,
2H), 4.14 (ddd, J= 11.9, 5.8, 3.4 Hz, 2H), 3.24 (q, J= 5.7 Hz, 2H), 2.77 (t, J= 6.7 Hz, 4H),
2.44 - 2.35 (m, 4H), 2.31 (t, J= 7.6 Hz, 4H), 2.22 (s, 6H), 2.04 (q, J = 6.9 Hz, 8H), 1.97 -
1.84 (m, 2H), 1.80 (dt, J= 14.9, 7.7 Hz, 1H), 1.67- 1.42 (m, 8H), 1.42- 1.14 (m, 39H),
0.88 (td, J= 6.8, 5.2 Hz, 9H). MS: 930.4 m/z [M+H].
Example 92 - Compound 92

Intermediate 92a: benzyl 4-((((I-methylpiperidin-4-yl)oxy)carbonyl)oxy)dodecanoate
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Intermediate 92a was synthesized in 94% yield from Intermediate 91c and 1-
methylpiperidin-4-ol using the method employed in Intermediate 91d. IHNMR (400 MHz,
CDCh) § 7.39 - 7.28 (m, 5H), 5.1 1(s, 2H), 4.73 (dtd, J= 11.8, 5.4, 4.6, 2.7 Hz, 1H), 4.62
(tt, J= 8.6, 4.2 Hz, 1H), 2.68 (s, 2H), 2.48 - 2.37 (m, 2H), 2.29 (s, 5H), 2.01 - 1.84 (m,
4H), 1.78 (dtt, J= 12,5, 8.2, 3.5 Hz, 2H), 1.67 - 1.58 (m, 1H), 1.58 - 1.46 (m, 1H), 1.27 (d,
J= 15.6 Hz, 13H), 0.87 (t, J= 6.8 Hz, 3H).

Compound 92: 2-((4-((((1-methyl piperidin-4-
yl)oxy)carbonyl)oxy)dodecanoyl)oxy)propane-1,3-diyl (92,92, 127, 12'7)-bis(octadeca-
9,12-dienoate)

) 'O\O)OJ\O

Compound 92 was synthesized in 28% yield from Intermediate 92a using the method
employed in Compound 91. % NMR (400 MHz, CDCh) 85.39 - 5.21 (m, 8H), 5.21 - 5.16
(m, 1H), 4.65 (d, J= 6.9 Hz, 1H), 457 - 4.52 (m, 1H), 4.22 (dd, J= 11.9, 4.3 Hz, 2H), 4.08
(ddd, J= 11.9, 5.8, 4.1 Hz, 2H), 2.70 (t, J= 6.5 Hz, 4H), 2.61 (s, 2H), 2.36 - 2.29 (m, 2H),
2.29 - 2.18 (m, 7H), 2.14 (s, 2H), 1.98 (q, J= 6.8 Hz, 8H), 1.93 - 1.84 (m, 4H), 1.83 - 1.77
(m, 1H), 1.77 - 1.65 (m, 3H), 1.54 (t, J= 7.3 Hz, 13H), 1.33 - 1.12 (m, 41H), 0.81 (td, J =
6.9, 5.3 Hz, 9H). MS: 957.4 m/z [M+H].

Example 93 - Compound 93

Intermediate 93a: benzyl 4-(((2-(azetidin-I-yl)ethyl)carbamoyl)oxy)dodecanoate
T L
N\/\H o

o
OBn
Intermediate 93a was synthesized in 80% yield from Intermediate 91c and 2-(azetidin-I-
yl)ethanamine using the method employed in Intermediate 92d. %2 NMR (400 MHz,
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CDCh) 37.49 - 7.26 (m, 5H), 5.11(s, 2H), 5.04 (s, 1H), 4.74 (s, 1H), 3.20 (t, J= 7.0 Hz,
4H), 3.11(q, J = 5.8 Hz, 2H), 2,50 (t, J= 5.9 Hz, 2H), 2.41 (ddd, J = 8.6, 6.7, 3.2 Hz, 2H),
2.10 - 2.00 (m, 2H), 1.96 - 1.88 (m, 1H), 1.82 (d, J= 15.4 Hz, 4H), 1.46 (d, J= 6.9 Hz,
3H), 1.34- 1.18 (m, 14H), 0.87 (t, J= 6.8 Hz, 3H).

Compound 93: 2-((4-(((2-(azetidin-I-yl)ethyl)carbamoyl)oxy)dodecanoyl)oxy) propane-l,3-
diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

C\N\/\NJOJ\O
H
0 (@)
O\Co)l\/\/\/\/a/a/\/\
(o)

Compound 93 was synthesized in 18% yield from Intermediate 93a using the method
employed in Compound 91. ¥ NMR (400 MHz, CDCh) §5.36 - 5.22 (m, 8H), 5.18 (p, J=
5.0 Hz, 1H), 4.98 (t, J= 5.6 Hz, 1H), 4.68 (s, 1H), 4.22 (ddd, J= 11.9, 4.5, 1.6 Hz, 2H),
4.08 (ddg, J= 11.7, 5.8, 2.8 Hz, 2H), 3.12 (t, J= 7.0 Hz, 4H), 3.05 (g, J= 5.9 Hz, 2H), 2.70
(t, J=6.4 Hz, 4H), 2.43 (t, J= 5.9 Hz, 2H), 2.31 (ddd, J= 8.8, 6.6, 4.2 Hz, 2H), 2.25 (t, J=
7.6 Hz, 4H), 1.99 (dg, J= 10.0, 6.9 Hz, 10H), 1.88 - 1.68 (m, 3H), 1.59 - 1.36 (m, 7H),
1.34- 1.11(m, 42H), 0.86 - 0.77 (M, 9H). MS: 942.1 m/z [M+H].

Example 94 - Compound 94

Intermediate 94a: benzyl 4-(((2-(piperidin-l-yl)ethyl)carbamoyl)oxy)dodecanoate
G
N\/\HJ\O

o)
OBn
Intermediate 94a was synthesized in 68% yield from Intermediate 91c and 2-(piperidin-I-
yl)ethan-l -amine using the method employed in Intermediate 91d. %2 NMR (400 MHz,
CDCh) 067.38 - 7.28 (m, 5H), 5.10 (s, 3H), 4.75 (s, 1H), 3.22 (t, J= 6.0 Hz, 2H), 2.64 (s,
1H), 2.45 - 2.29 (m, 8H), 1.99 - 1.88 (m, 1H), 1.82 (dg, J= 15.0, 8.0 Hz, 1H), 1.48 (dt, J=
53.9, 5.8 Hz, 9H), 1.34 - 1.17 (m, 12H), 0.86 (t, J = 6.7 Hz, 3H).
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Compound 94: 2-((4-(((2-(piperidin-1-yl)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-
1,3-diyl (92,9'Z, 127, 12'7)-his(octadeca-9, 12-dienoate)

(o)
O
H

Compound 94 was synthesized in 22% yield from Intermediate 94a using the method
employed in Compound 91. ¥“NMR (400 MHz, CDCb) 6 5.29 (qq, J= 11.7, 6.7 Hz, 8H),
5.18 (p, J= 5.1 Hz, 1H), 5.08 (s, 1H), 4.69 (s, 1H), 4.22 (ddd, J= 11.9, 4.5, 2.2 Hz, 2H),
4.08 (ddd, J= 11.9, 5.9, 3.6 Hz, 2H), 3.18 (g, J= 5.9 Hz, 2H), 2.70 (t, J= 6.5 Hz, 4H), 2.39
- 218 (m, 12H), 1.98 (g, J= 6.9 Hz, 8H), 1.91 - 1.79 (m, 1H), 1.79- 1.68 (m, 1H), 161 -
1.33 (m, 15H), 1.33 - 1.10 (m, 42H), 0.81 (g, J = 6.4 Hz, 9H). MS: 970.2 m/z [M+H].
Example 95 - Compound 95

Intermediate 95a: benzyl 4-(((4-(diethylamino)butoxy)carbonyl)oxy)dodecanoate

™ o

~~ N \/\/\o)l\o

o)
OBn

Intermediate 95a was synthesized in 83% yield from Intermediate 91c and 4-
(diethylamino)butan-I-ol  using the method employed in Intermediate 92d. ‘H NMR (400
MHz, CDCb) &7.44 - 7.28 (m, 5H), 5.1 1(s, 2H), 4.72 (tdd, J= 7.6, 5.4, 4.0 Hz, 1H), 4.11
(td, J= 6.7, 3.8 Hz, 2H), 2.49 (q, J= 7.1 Hz, 4H), 2.42 (dtd, J= 7.7, 5.1, 4.4, 2.5 Hz, 4H),
1.99 (dddd, J= 14.4, 8.9, 7.0, 4.1 Hz, 1H), 1.89 (dtd, J= 14.7, 8.4, 6.5 Hz, 1H), 1.64 (ddt, J
= 17.4, 105, 6.2 Hz, 3H), 1.56 - 1.46 (m, 3H), 1.34- 1.21 (m, 13H), 1.00 (t, J= 7.1 Hz,
6H), 0.87 (t, J= 6.8 Hz, 3H).

Compound 95: 2-((4-(((4-(diethylamino)butoxy)carbonyl)oxy)dodecanoyl)oxy)propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
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RPN ¢

\/N\/\/\O o

Compound 95 was prepared in 27% yield from Intermediate 95a using the method
employed in Compound 91. ¥“NMR (400 MHz, CDCb) ¢ 5.35 (qdd, J= 10.6, 4.4, 1.7 Hz,
8H), 5.27 - 5.22 (m, 1H), 4.71 (tt, J= 7.6, 2.7 Hz, 1H), 4.28 (dd, J= 11.9, 4.3 Hz, 2H), 4.13
(dtt, J= 10.4, 6.6, 3.7 Hz, 4H), 2.76 (t, J= 6.6 Hz, 4H), 2.50 (g, J = 7.2 Hz, 4H), 2.41 (ddd,
J=15.2, 80, 6.4 Hz, 4H), 2.31 (t, J= 7.6 Hz, 4H), 2.04 (q, J= 6.8 Hz, 8H), 1.98 - 1.82 (m,
3H), 1.72 - 1.47 (m, 12H), 1.39- 1.21 (m, 42H), 1.00 (t, J= 7.1 Hz, 6H), 0.88 (td, J= 6.8,
4.8 Hz, 9H). MS: 987.5 m/z [M+H].

Example 96 - Compound 96

Intermediate 96a: benzyl 4-(((2-(diethylamino)ethyl)carbamoyl)oxy)dodecanoate

\ o
H
(o)
OBn

Intermediate 96a was synthesized in 58% yield from Intermediate 91c and N',N'-
diethylethane- 1,2-diamine using the method employed in Intermediate 91d. 'HNMR (400
MHz, CDCb) &7.39 - 7.28 (m, 5H), 5.19 (s, 1H), 5.11 (s, 2H), 4.76 (s, 1H), 3.51 (s, 2H),
3.27 - 3.15 (m, 2H), 2.54 (dd, J= 8.7, 5.9 Hz, 6H), 2.41 (ddd, J= 9.0, 6.9, 2.6 Hz, 2H),
1.94 (d, J= 7.5 Hz, 1H), 1.83 (p, J= 7.3 Hz, 1H), 1.63 - 1.40 (m, 3H), 1.35- 1.17 (m,
13H), 1.01 (t, J= 7.1 Hz, 6H), 0.87 (t, J= 6.8 Hz, 3H).

Compound 96: 2-((4-(((2-(diethylamino)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-
1,3-diyl (92,9'2,127,12'7)-bis(octadeca-9,12-dienoate)
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Compound 96 was prepared in 42% yield from Intermediate 96a using the method
employed in Compound 91. ¥:NMR (400 MHz, CDCb) 65.29 (qq, J= 11.4, 6.5 Hz, 8H),
5.18 (p, J= 5.2 Hz, 1H), 5.08 (s, 1H), 4.69 (s, 1H), 4.21 (ddd, J= 118, 4.5, 2.0 Hz, 2H),

5 4.08 (ddd, J= 12.0, 5.9, 2.7 Hz, 2H), 3.12 (dt, J= 13.0, 6.3 Hz, 2H), 2.70 (t, J= 6.5 Hz,
4H), 2.45 (q, J = 7.3 Hz, 6H), 2.28 (dt, J=27.2, 8.0 Hz, 6H), 1.98 (g, J= 6.9 Hz, 8H), 1.83
(s, 1H), 1.78 - 1.68 (m, 1H), 1.54 (t, J= 7.2 Hz, 9H), 1.35 - 1.11(m, 42H), 0.81 (g, J= 6.3
Hz, 9H). MS: 958.4 m/z [M+H].
Example 97 - Compound 97

10 Compound 97: 2-((5-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)tridecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

™ o)

H

Compound 96 was prepared in 75% yield from Intermediate 55d and Intermediate | c using
15  the method employed for Compound 52. % NMR (400 MHz, CDCb) 6 5.42 - 5.28 (m,

8H), 5.27 - 5.22 (m, 1H), 5.12 (d, J= 5.7 Hz, 1H), 4.76 - 4.67 (m, 1H), 4.28 (dt, J= 11.9,

4.5 Hz, 2H), 4.13 (ddd, J= 12.0, 5.9, 4.5 Hz, 2H), 3.23 (h, J= 7.2, 6.2 Hz, 2H), 2.76 (t, J =

6.6 Hz, 4H), 2.43 (dt, J= 14.5, 6.6 Hz, 4H), 2.35 - 2.27 (m, 6H), 2.19 (s, 3H), 2.04 (q, J=

6.8 Hz, 8H), 1.71 - 1.46 (m, 13H), 1.40 - 1.19 (m, 42H), 1.03 (t, J= 7.1 Hz, 3H), 0.92 -
20  0.83 (m, 9H). MS: 958.5 m/z [M +H].
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Example 98
Intermediate 98a: ethyl 2,2-dimethyl-3-oxoundecanoate

0O O

Eto%/\/\/\/

To asolution of N-isopropylpropan-2-amine  (20.0 mL, 1.0 equiv.) in THF (1-3 M) was
added n-BuLi (2.5 M, 56.60 mL, 1.0 equiv.) at -78 °C under N2. The mixture was stirred at
-78 °C for 20 min. Then ethyl 2-methylpropanoate (18.96 mL, 1.0 equiv.) was added at -78
°C. The mixture was stirred at -78 °C for another 20 min. Nonanoyl chloride (26.60 mL, 1.0
equiv.) in THF (200 mL) was added dropwise to the above solution. The mixture was
allowed towarm to 15 °C and stirred at 15 °C for 12 h under N2 atmosphere. The reaction
mixture was quenched by addition ice water, filtered and concentrated under reduced
pressure to give aresidue. The residue was diluted with H20 and extracted 3x with EtOAc.
The organic phase was separated, washed with brine, dried over anhydrous Na2SC>4, filtered
and concentrated under reduced pressure to give aresidue. The residue was purified by
column chromatography to afford product asayellow oil (15 g, 41%). '‘H NMR (400 MHz,
CDCh) 34.11(q, J= 7.2 Hz, 2H), 2.36 (t, J= 7.3 Hz, 2H), 1.56 - 1.46 (m, 2H), 1.28 (s,
6H), 1.25 - 1.13 (m, 13H), 0.80 (t, J= 6.7 Hz, 3H).

Intermediate 98b: 2,2-dimethyl-3-oxoundecanoic  acid
O O

P

A mixture of Intermediate 98a (15 g, 1.0 equiv.), LiOH (2.10 g, 1.5 equiv.), KOH (4.92 g,
1.5 equiv.) in EtOH (120 mL) and H20 (40 mL) was degassed and purged 3x with N2, and
then the mixture was stirred at 40 °C for 3 h under N 2atmosphere. The mixture was
concentrated to remove EtOH. Then, the pH was adjusted to 5-6 with HC1 (1 M). The
mixture was partitioned between H20 and EtOAc. The organic phase was separated,
washed with brine, dried over anhydrous Na2S04, filtered and concentrated under reduced
pressure to give aresidue. The residue was purified by column chromatography to afford
product asayelow oil (59g, 37%). 1H NMR (400 MHz, Chloroform-d) & 2.46 (t, J=7.3
Hz, 2H), 1.58 - 1.47 (m, 2H), 1.33 (s, 6H), 1.20 (s, 10H), 0.81 (t, J = 6.6 Hz, 3H).
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Example 99 - Compound 99

Intermediate 99a: 2-(((2,2-dimethyl-3-oxoundecanoyl)oxy)methyl)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

To asolution of Intermediate 53a (12.16 g, 1.1 equiv.) in THF (20 mL) was added
Intermediate 98b (4 g, 1.0 equiv.), DBAD (8.07 g, 2.0 equiv.) and PPh3 (9.19 g, 2.0 equiv.)
at 0 °C. The mixture was stirred at 0 °C for 15 min. Then the mixture was stirred at 15 °C
for 16 h under N2 atmosphere. The reaction mixture was diluted with H20 and extracted 3x
with EtOAc. The organic phase was separated, washed with brine, dried over anhydrous
Na2SC>4, filtered and concentrated under reduced pressure to give aresidue. The residue
was purified by column chromatography to afford product asayellow oail (3 g, 20%). 'H
NMR (400 MHz, CDCb) & 5.27 (dtt, J= 10.8, 8.7, 6.1 Hz, 8H), 4.10 (d, J = 6.0 Hz, 2H),
4.03 (d, J= 6.0 Hz, 4H), 2.70 (t, J= 6.4 Hz, 4H), 2.37 (t, J= 7.3 Hz, 2H), 223 (t, J= 7.6
Hz, 4H), 1.98 (q, J= 6.8 Hz, 8H), 1.52 (tt, J= 14.2, 7.4 Hz, 8H), 1.31 - 1.17 (m, 46H), 0.85
- 0.77 (m, 12H).

Intermediate 99b: 2-(((3 -hydroxy-2, 2-dimethylundecanoyl)oxy)methyl)propane- 1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

To asolution of Intermediate 99a (1.0 equiv.) in 4:2:1 THF % O Toluene (0.025 - 0.1 was
added NaBHi (5.0 equiv.) at 0 °C. The mixture was dtirred at 15 °C for 5h under N2
atmosphere. The reaction mixture was partitioned between THF and H20, and the organic

phase was concentrated under reduced pressure to give aresidue. The residue was purified
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by column chromatography to afford product asa colorless oil (33%). '"H NMR (400 MHz,
CDCb) 65.41 - 5.25 (m, 8H), 4.20 - 4.07 (m, 7H), 3.63 (dd, J= 10.2, 6.7 Hz, 1H), 2.76 (t,
J=6.4 Hz, 4H), 2.40 (t, J= 6.0 Hz, 2H), 2.30 (t, J= 7.6 Hz, 4H), 2.04 (g, J= 6.8 Hz, 8H),
1.59 (g, J= 7.3 Hz, 6H), 1.40- 1.22 (m, 40H), 1.16 (d, J= 4.5 Hz, 6H), 0.88 (td, J= 6.8,
4.0 Hz, 9H).

Intermediate 99c: 2-(((2,2-dimethyl-3-(((4-
nitrophenoxy)carbonyl)oxy)undecanoyl)oxy)methyl)propane-  1,3-diyl (92,97, 127,12'7)-
bis(octadeca-9, 12-dienoate)

To asolution of Intermediate 99b (1g, 1.0 equiv.) and (4-nitrophenyl) carbonochloridate
(478 mg, 2.0 equiv.) in DCM (10 mL) was added pyridine (191 uL, 2.0 equiv.) a 0 °C
under N2. The mixture was stirred at 15-25 °C for 5 h under N2 atmosphere. The reaction
mixture was concentrated under reduced pressure to give aresidue. The residue was
purified by column chromatography to afford product as a colorless oil (0.8 g, 67%). %
NMR (400 MHz, CDCb) & 8.20 (d, J= 8.8 Hz, 2H), 7.30 (d, J = 8.9 Hz, 2H), 5.29 (dq, J=
13.1, 7.1, 6.1 Hz, 8H), 5.03 (dd, J= 10.4, 2.3 Hz, 1H), 4.08 (dd, J= 6.0, 2.5 Hz, 6H), 2.69
(t, J= 6.4 Hz, 4H), 2.35 (p, J= 6.0 Hz, 1H), 2.23 (q, J= 8.4, 7.7 Hz, 4H), 1.97 (q, J= 6.9
Hz, 8H), 153 (h, J= 7.1, 59 Hz, 8H), 1.36 - 1.12 (m, 56H), 0.85 - 0.77 (m, 12H).

Compound 99: 2-(4,4,1 I-trimethyl-5-octyl-3,7-dioxo-2,6-dioxa-8,]  |-diazatridecyl)propane-
1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
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To asolution of Intermediate 99c (1.0 equiv.) in MeCN (0.1 M) was added diamine (N'-
ethyl -N'-methyl-ethane- 1,2-diamine (3.0 equiv.)), DMAP (1.0 equiv.), and pyridine (3.0
equiv.) a 0 °C. The mixture was stirred at 15 °C for at least 2 h under N2atmosphere. The

5  reaction mixture was concentrated under reduced pressure to give aresidue. The residue
was diluted with H20 and extracted 3x with EtOAc. The organic phase was separated,
washed with brine, dried over anhydrous Na2SC>4, filtered and concentrated under reduced
pressure to give aresidue. The residue was purified by column chromatography to afford
product asayelow oil (66%). ¥% NMR (400 MHz, CDCb) & 5.28 (pt, J= 11.5, 5.8 Hz,

10 8H), 490 (t, J= 6.4 Hz, 1H), 411- 4.02 (m, 5H), 3.17 (dt, J= 13.4, 7.3 Hz, 2H), 2.70 (t, J
= 6.4 Hz, 4H), 2.37 (dg, J= 12.3, 6.2 Hz, 5H), 2.23 (t, J= 7.6 Hz, 4H), 2.14 (s, 3H), 1.98
(0, J= 6.8 Hz, 7TH), 154 (p, J= 6.8 Hz, 4H), 1.37 - 1.06 (M, 49H), 0.97 (t, J= 7.1 Hz, 3H),
0.81 (g, J= 6.9 Hz, 9H). MS: 973.5 m/z [M+H].
Example 100 - Compound 100

15 Intermediate 100a: ethyl 2,2-dimethyl-3-oxononanoate
O O

Eto)%k/\/\/

Intermediate 100a was synthesized in 26% yield from N-isopropylpropan-2-amine,  ethyl 2-

methylpropanoate, and heptanoyl chloride using the method employed in Intermediate 99a

¥NMR (400 MHz, CDCb) 34.14 (g, J= 7.1 Hz, 2H), 2.40 (t, J= 7.3 Hz, 2H), 1.60- 1.47
20  (m, 2H), 1.36- 1.14 (m, 13H), 0.84 (t, J= 6.8 Hz, 3H).

Intermediate 100b: 2,2-dimethyl-3-oxononanoic  acid
O O

oo

273



10

15

20

25

WO 2020/118041 PCT/US2019/064663

A mixture of Intermediate 100a (20 g, 1.0 equiv.), LiOH (3.15 g, 1.5 equiv.), KOH (7.37 g,
15 equiv.) in EtOH (6 mL) and H>O (2 mL) was stirred at 40 °C for 4 h under N2
atmosphere. The mixture was concentrated to remove EtOH. Then, the pH was adjusted to
5-6 with HC1 (1 M). The mixture was partitioned between H20 and EtOAc and extracted 2x
with EtOAc. The organic phase was separated, washed with brine, dried over anhydrous
Na2S04, filtered and concentrated under reduced pressure to give aresidue. The residue
was purified by column chromatography to afford product asacolorless oil (6 g, 34%). 'H
NMR (400 MHz, CDCb) 8253 (t, J= 7.3 Hz, 2H), 1.58 (p, J= 7.2 Hz, 2H), 1.40 (s, 6H),
1.34- 1.23 (m, 6H), 0.92 - 0.81 (m, 3H).

Intermediate 100c: 2-(((2,2-dimethyl-3-oxononanoyl)oxy)methyl)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)

To asolution of Intermediate |c (19.06 g, 1.1 equiv.) in THF (50 mL) was added PPh3
(14.41 g, 2.0 equiv.) and DBAD (12.65 g, 2.0 equiv.), and Intermediate 100b (5.5 g, 1.0
equiv.) a 0 °C. The mixture was stirred at 0 °C for 20 min, and the mixture was alowed to
warm to 15 °C and stirred at 15 °C for 16 hr under N 2atmosphere. The reaction mixture
was diluted with H20 and extracted 3x with EtOAc. The organic phase was separated,
washed with brine, dried over anhydrous Na2S04, filtered and concentrated under reduced
pressure to give aresidue. The residue was purified by column chromatography to afford
product asayellow oil (4 g, 18%). % NMR (400 MHz, CDCb) 6 5.28 (tt, J= 11.1, 5.4 Hz,
8H), 4.10 (d, J= 6.0 Hz, 2H), 4.05 (dd, J= 10.4, 6.0 Hz, 4H), 2.70 (t, J= 6.4 Hz, 4H), 2.34
(dt, J= 17.5, 6.6 Hz, 3H), 2.23 (t, J= 7.6 Hz, 4H), 1.98 (q, J= 6.8 Hz, 8H), 1.61 - 1.44 (m,
8H), 1.39 (d, J= 14.2 Hz, 3H), 1.35- 1.14 (m, 41H), 0.85 - 0.76 (m, 9H).

Intermediate 100d: 2-(((3-hydroxy-2,2-dimethylnonanoyl)oxy)methyl)propane-1,3-diyl
(92,92, 127, 12'7)-bi s(octadeca-9, 12-dienoate)
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To asolution of Intermediate 100c (1.0 equiv.) in 4:2:1 THF:H20 Toluene (0.025 - 0.1 was
added NaBHi (5.0 equiv.) at 0 °C. The mixture was stirred at 5 °C for 5 h under N2
atmosphere. The reaction mixture was partitioned between THF and H20, and the organic
phase was dried over Na2SC>4, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography to afford product asa

colorless oil (20%).

Intermediate 100e: 2-(((2,2-dimethyl-3-(((4-
nitrophenoxy)carbonyl)oxy)nonanoyl)oxy)methyl)propane-1,3-diyl (92,92,1272,12'2)-
bis(octadeca-9, 12-dienoate)

To asolution of Intermediate 100d (0.4 g, 1.0 equiv.) and (4-nitrophenyl)carbonochloridate
(890 mg, 9.0 equiv.) in DCM (5mL) was added pyridine (119 uL, 3.0 equiv.) a 0 °C. The
mixture was stirred at 15 °C for 3 h under N2atmosphere. Then the mixture was stirred at
25°Cfor 2 hunder N2atmosphere. The reaction mixture was filtered and concentrated
under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford product asacolorless oil (0.2 g, 42%). '"H NMR (400 MHz,
CDCh) 8821 (dd, J= 9.3, 2.5 Hz, 2H), 7.31 (dd, J= 9.4, 2.8 Hz, 2H), 5.43 - 5.16 (m, 8H),
5.03 (dd, J= 10.3, 2.3 Hz, 1H), 4.12 - 3.99 (m, 6H), 2.70 (t, J= 6.4 Hz, 4H), 2.35 (h, J=
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6.0 Hz, 1H), 2.22 (t, J= 7.6 Hz, 4H), 1.97 (t, J= 6.9 Hz, 7H), 1.63 - 1.47 (m, 6H), 1.40 -
1.12 (m, 41H), 0.82 (t, J= 6.7 Hz, 9H).

Compound 100: 2-(((2,2-dimethyl-3-(((2-(pyrrolidin-I-
5  yl)ethyl)carbamoyl)oxy)nonanoyl)oxy)methyl)propane-1,3-diyl (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)

G"/\/NYO

Compound 100 was synthesized in 90% yield from Intermediate 100e and 2-pyrrolidin-I-
ylethanamine using the method employed in Compound 99. ¥ NMR (400 MHz, CDCb) &

10  5.28 (tdg, J= 17.2, 12.4, 5.8, 5.3 Hz, 8H), 4.90 (t, J = 6.4 Hz, 1H), 4.13 - 4.00 (m, 6H),
3.22 (ddg, J= 19.5, 12.8, 6.3, 5.8 Hz, 2H), 2.70 (t, J= 6.4 Hz, 4H), 2.51 (t, J= 6.3 Hz, 2H),
2.44 (d, J= 6.0 Hz, 4H), 2.34 (p, J= 6.0 Hz, 1H), 2.23 (t, J= 7.6 Hz, 4H), 1.98 (g, J= 6.8
Hz, 8H), 1.70 (h, J= 7.5 Hz, 4H), 154 (p, J= 7.0 Hz, 4H), 1.41 - 1.06 (m, 44H), 0.81 (ct, J
= 9.6, 6.7 Hz, 9H). MS: 956.4 m/z [M+H].

15 Example 101 - Compound 101

Compound 101 : 2-((4-(((3-(azetidin-I-yl)propoxy)carbonyl)oxy)decanoyl)oxy)propane-
1,3-diyl (92,97, 127, 12'Z)-bis(octadeca-9, 12-dienoate)

0
C/N /\/\oJ\o
° o
O\(\OJWVV\

Compound 101 was synthesized in 65% yield from Intermediate 40d and 3-(azetidin-I-
20  yl)propan-l-ol using the method employed for Example 1. % NMR (400 MHz, CDCb) &
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545 - 528 (m, 8H), 5.25 (tt, J= 5.8, 4.3 Hz, 1H), 4.71 (ddd, J= 11.5, 7.6, 4.7 Hz, 1H),
4.29 (dd, J= 11.9, 4.3 Hz, 2H), 4.15 (dddd, J= 13.3, 7.2, 5.5, 3.2 Hz, 4H), 3.18 (1, J= 7.0
Hz, 4H), 2.82 - 2.72 (m, 4H), 2.48 (t, J= 7.3 Hz, 2H), 2.40 (dt, J= 8.8, 6.8 Hz, 2H), 2.31
(td, J= 7.6, 1.2 Hz, 4H), 2.10 - 1.99 (m, 10H), 1.99- 1.84 (m, 2H), 1.77 - 1.50 (m, 15H),
142 - 1.21 (m, 37H), 0.88 (td, J= 6.9, 5.4 Hz, 9H). MS: 929.3 m/z [M+H].

Example 102 - Compound 102

Compound 102: 2-((4-(((3-(piperidin-1-yl)propoxy)carbonyl)oxy)decanoyl)oxy)propane-
1,3-diyl (92,9'Z, 127, 12'Z)-his(octadeca-9, 12-dienoate)

O
O /\/\OJJ\O
° 0]
0 N N N N NG
\(o\o

Compound 102 was synthesized in 72% yield from Intermediate 40d and 3-(piperidin-I-
yl)propan-l-ol using the method employed for Example 1. % NMR (400 MHz, CDCb) &
5.44 - 528 (m, 8H), 5.25 (ddd, J= 5.8, 4.3, 1.5 Hz, 1H), 4.76 - 4.69 (m, 1H), 4.37 - 4.24
(m, 2H), 4.24 - 4.10 (m, 4H), 2.82 - 2.71 (m, 4H), 2.48 - 2.26 (m, 12H), 2.05 (g, J= 6.8
Hz, 8H), 2.01 - 1.81 (m, 4H), 1.71 - 1.49 (m, 17H), 1.43 (s, 2H), 1.40 - 1.24 (m, 37H),
0.88 (td, J= 6.9, 5.0 Hz, 9H). MS: 957.1 m/z [M+H].

Example 103 - Compound 103

Intermediate 103a: (2-ethylbutyl)magnesium bromide

Bngv(/

To asolution of Mg (1.1 equiv.) and I (0.1 equiv.) in THF (0.4 - 0.5 M) was added 3-
(bromomethyl)pentane (1.0 equiv.) dropwise. The mixture was stirred at 40 °C for at least 1

h. The reaction mixture was used directly in the next step without additional purification.

Intermediate 103b: ethyl 6-ethyl-4-oxooctanoate

o
EtO,C
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To asolution of ethyl 4-chloro-4-oxo-butanoate (1.0 equiv.) in THF (0.3 M) was added Cul
(1-2 equiv.) and Intermediate 103a (1-2 equiv. equiv.) a -78 °C dropwise. The mixture was
stirred at -78 °C for at least 1.5 h. Upon completion, saturated NH4CI was added, and the
reaction was extracted 3x with EtOAc. The organic layer was concentrated under reduced
pressure to give aresidue. The residue was purified by column chromatography to afford
product asabrown oil (82%). IHNMR (400 MHz, CDCb) 5 4.05 (q, J= 7.1 Hz, 2H), 2.65
(t, J=6.6 Hz, 2H), 2.49 (d, J= 13.1 Hz, 2H), 2.30 (d, J= 6.8 Hz, 2H), 1.82- 1.71 (m, J=
6.5 Hz, 1H), 1.33 - 1.13 (m, 7H), 0.78 (t, J= 7.4 Hz, 6H).

Intermediate 103c: 6-ethyl-4-oxooctanoic acid

o

HO,C

To asolution of Intermediate 103c (1.0 equiv.) in 3:1 EtOH/H20 (0.2 M) was added NaOH
(1.5 equiv), LiIOH (1.5 equiv.). The mixture was stirred at 40 °C for at least 1h. Upon
completion, the pH of the reaction was adjusted to 3using 1M HC1, and the reaction was
diluted with H20 and extracted 3x with EtOAc. The organic layer was dried over Na2S04,
filtered and concentrated under reduced pressure to give aresidue. The residue was purified
by column chromatography to afford product asayellow oil (46%). ‘H NMR (400 MHz,
CDCb) 62.69 - 2.60 (m, 2H), 2.56 (t, J= 6.6 Hz, 2H), 2.30 (d, J= 6.7 Hz, 2H), 1.75 (hept,
J=6.4Hz, 1H), 1.22 (gp, J= 13.8, 6.6 Hz, 4H), 0.78 (t, J= 7.4 Hz, 6H).

Intermediate 103d: 2-((6-ethyl-4-oxooctanoyl)oxy)propane-1,3-diyl ~ (92,9'72,127,12'7)-
bis(octadeca-9, 12-dienoate)

O
o 0]
O\f\oJ\/\/\/\/:\/:\/\/\
o)

To asolution of Intermediate 103c (1.0 equiv.) in DCM (0.2 - 0.5 M) was added
Intermediate | c (1.0 equiv.), EDCI (1.2 equiv.), DMAP (0.1 - 0.2 equiv.) and Et3N (1.5
equiv.) a 0 °C under N2. The mixture was stirred at 20-25 °C for at least 12 h under N2
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atmosphere. The mixture was diluted with H20 and extracted 3x with EtOAc. The
combined organic phase was dried with anhydrous Na2SC>4, filtered and the filtrate was
concentrated in vacuum. The residue was purified by column chromatography to afford
product asayelow oil (40%). ¥NMR (400 MHz, CDCb) & 5.40 - 5.21 (m, 8H), 5.18 (p,
J=50Hz, 1H), 423 (dt, J= 11.9, 5.0 Hz, 2H), 4.08 (dd, J= 11.9, 5.9 Hz, 2H), 2.67 (dt, J=
20.4, 6.5 Hz, 6H), 2.51 (td, J= 6.5, 2.9 Hz, 2H), 2.32 - 2.22 (m, 5H), 1.98 (g, J = 6.8 Hz,
8H), 1.75 (p, J= 6.4 Hz, 1H), 1.53 (q, J= 7.2 Hz, 4H), 1.35 - 1.09 (m, 31H), 0.80 (dt, J=
16.7, 6.9 Hz, 12H).

Intermediate 103e: 2-((6-ethyl-4-(((4-nitrophenoxy)carbonyl)oxy)octanoyl)oxy)propane-
1,3-diyl (92,92, 127, 12'Z)-bis(octadeca-9, 12-dienoate)

O
OJ\O

Intermediate 103e was synthesized in 46% yield from Intermediate 103d using the method
employed in Intermediate le. % NMR (400 MHz, CDCb) & 8.21 (d, J= 8.1 Hz, 2H), 7.32
(d, J= 8.4 Hz, 2H), 5.27 (tt, J= 14.1, 7.8 Hz, 8H), 4.89 (p, J= 7.4 Hz, 1H), 4.32 - 4.02 (m,
4H), 2.70 (t, J= 6.5 Hz, 4H), 2.41 (t, J= 7.5 Hz, 2H), 2.32 - 2.19 (m, 4H), 1.98 (g, J= 7.2
Hz, 10H), 1.69 - 1.40 (m, 7H), 1.39 - 1.16 (m, 36H), 0.82 (t, J= 6.9 Hz, 12H).

Compound 103: 2-((6-ethyl-4-(((2-

(ethyl(methyl)amino)ethyl)carbamoyl)oxy)octanoyl)oxy)propane- 1,3-diyl
(92,92, 127, 12'Z)-hi s(octadeca-9, 12-dienoate)
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0]
P
°§)/K/o(/
O\COJ\/\/\/\/WW

o)

OWW
Compound 103 was synthesized in 98% yield from Intermediate 103e and and N'-ethyl-N'-
methyl-ethane- 1,2-diamine using the method employed in Intermediate 91d. %2 NMR (400
MHz, CDCb) 85.42 - 5.21 (m, 8H), 5.18 (g, J= 5.0 Hz, 1H), 5.07 (s, 1H), 4.79 (s, 1H),
421 (ddd, J= 11.8, 4.4, 1.8 Hz, 2H), 4.08 (ddd, J= 11.9, 5.8, 3.4 Hz, 2H), 3.17 (d, J= 6.2
Hz, 2H), 2.70 (t, J= 6.4 Hz, 4H), 2.44 - 2.27 (m, 6H), 2.24 (t, J = 7.6 Hz, 4H), 2.13 (s, 3H),
1.98 (g, J= 6.8 Hz, 8H), 1.84 (dq, J= 8.4, 4.4 Hz, 1H), 1.71 (dd, J= 14.8, 7.5 Hz, 1H), 1.58
- 143 (m, 8H), 1.29- 1.16 (m, 38H), 0.96 (d, J= 7.2 Hz, 3H), 0.80 (ddd, J= 13.4, 6.7, 3.7
Hz, 13H). MS: 916.3 m/z [M +H].

Example 104
Intermediate 104a: (3,7-dimethyloctyl)magnesium  bromide

Bng\/\r\/\(

Intermediate 104awas synthesized from |-bromo-3, 7-dimethyl-octane using the method
employed in Intermediate 104a.

Intermediate 104b: ethyl 7,1 |-dimethyl-4-oxododecanoate
o

Y

EtO,C
Intermediate 104b was synthesized in 66% yield from Intermediate 104ausing the method
employed in Intermediate 103b. 3% NMR (400 MHz, CDCb) 64.11(qd, J= 7.1, 2.5 Hz,
2H), 2.71 (t, J= 6.6 Hz, 2H), 2.56 (t, J= 6.6 Hz, 2H), 2.49 - 2.35 (m, 2H), 1.68- 1.54 (m,
1H), 1.49 (dg, J= 13.2, 6.6 Hz, 1H), 1.43 - 1.31 (m, 2H), 1.24 (td, J= 8.0, 7.1, 3.6 Hz, 6H),
1.10 (dddd, J= 16.9, 9.9, 4.7, 2.0 Hz, 3H), 0.84 (d, J= 6.5 Hz, 9H).
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Intermediate 104c: 7, I-dimethyl-4-oxododecanoic  acid
o

Y

HO,C

Intermediate 104c was synthesized in 51% yield from Intermediate 104b using the method
employed in Intermediate 103c. % NMR (400 MHz, CDCb) &2.72 (t, J= 6.1 Hz, 2H),
2.63 (t, J= 6.5 Hz, 2H), 2.50 - 2.36 (m, 2H), 1.61 (ddt, J= 11.8, 9.0, 4.3 Hz, 1H), 151
(hept, J= 6.6 Hz, 1H), 1.45 - 1.34 (m, 2H), 1.24 (ddt, J= 16.2, 13,5, 4.2 Hz, 4H), 1.1 1 (ddt,
J=16.0, 9.6, 5.9 Hz, 3H), 0.91 - 0.81 (m, 9H).

Intermediate 104d: 2-((7,! |-dimethyl-4-oxododecanoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

o
° o)
o

Intermediate 104d was synthesized in 58% yield from Intermediate 104c using the method
employed in Intermediate 103d. %2 NMR (400 MHz, CDCb) 6 5.41 - 5.28 (m, 8H), 5.24
(ddd, J= 10.2, 5.8, 4.3 Hz, 1H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.14 (dd, J= 11.9, 5.8 Hz,
2H), 2.74 (dt, J= 17.5, 6.5 Hz, 6H), 2.58 (t, J= 6.5 Hz, 2H), 2.48 - 2.37 (m, 2H), 2.31 (t, J
= 7.6 Hz, 4H), 2.04 (g, J= 6.9 Hz, 8H), 1.60 (ddd, J= 10.0, 5.6, 2.6 Hz, 6H), 1.54 - 1.47
(m, 1H), 1.42 - 1.19 (m, 34H), 1.10 (ddt, J= 19.6, 10.0, 6.9 Hz, 4H), 0.93 - 0.80 (m, 15H).

Intermediate 104e: 2-((7,1 1-dimethyl-4-(((4-

nitrophenoxy)carbonyl)oxy)dodecanoyl)oxy)propane-1,3-diyl (92,92, 127,12'7)-
bis(octadeca-9, 12-dienoate)
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Intermediate 104e was synthesized in 58% yield from Intermediate 104d using the method
employed in Intermediate le. % NMR (400 MHz, CDCb) 08.27 - 811 (m, 2H), 7.36 -
7.29 (m, 2H), 5.36 - 5.16 (m, 9H), 4.78 (ddq, J= 125, 7.0, 3.4 Hz, 1H), 4.25 (dd, J= 12.0,
4.3 Hz, 2H), 4.12 - 4.05 (m, 2H), 2.70 (t, J= 6.3 Hz, 4H), 2.40 (t, J= 7.5 Hz, 2H), 2.24 (tt,
J=7.7,4.0Hz, 4H), 2.07 - 1.88 (m, 10H), 1.72 - 1.48 (m, 7H), 1.44 (ddd, J= 13.3, 6.6, 1.3
Hz, 1H), 1.39 - 1.14 (m, 34H), 1.06 (dtd, J= 8.6, 6.7, 4.7 Hz, 3H), 0.86 - 0.76 (m, 15H).
Example 105 - Compound 105

Compound 105: 2-((7,I 1-dimethyl-4-(((2-(pyrrolidin-I-

yl)ethyl)carbamoyl)oxy)dodecanoyl)oxy)propane-1,3-diyl (92,92, 127, 12'7)-bis(octadeca-
9,12-dienoate)

Compound 105 was synthesized in 62% yield from Intermediate 104e and 2-pyrrolidin-I-
ylethanamine using the method employed in Intermediate 91d. THNMR (400 MHz, CDCb)
05.38 - 522 (m, 8H), 5.22 - 515 (m, 1H), 5.08 (s, 1H), 4.67 (s, 1H), 4.22 (dd, J= 12.0,
4.4 Hz, 2H), 4.08 (ddd, J= 11.9, 5.9, 3.5 Hz, 2H), 3.20 (t, J= 6.0 Hz, 2H), 2.70 (t, J=6.4
Hz, 4H), 2.51 (t, J= 6.1 Hz, 2H), 2.43 (d, J= 5.9 Hz, 4H), 2.32 (ddd, J= 9.2, 6.7, 3.7 Hz,
2H), 2.25 (t, J= 7.6 Hz, 4H), 1.98 (q, J= 6.8 Hz, 8H), 1.84 (d, J= 7.5 Hz, 1H), 1.77 - 1.66
(m, 5H), 1.54 (p, J=7.1 Hz, 7H), 1.44 (p, J= 6.6 Hz, 3H), 1.35- 1.10 (m, 34H), 1.10 -
0.96 (m, 5H), 0.86 - 0.74 (m, 15H). MS: 984.2 m/z [M+H].
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Example 106 - Compound 106

Compound 106: 2-((6-ethyl-4-(((2-(pyrrolidin-I-
yl)ethyl)carbamoyl)oxy)octanoyl)oxy)propane-1,3-diyl (92,97,127,12'7)-his(octadeca
9,12-dienoate)

St
o Oj\/\/\/\/w
T

0]

OWVZM
Compound 106 was prepared in 78% yield from Intermediate 103e and 2-pyrrolidin-I-
ylethanamine using the method employed in Intermediate 91d. ¥:NMR (400 MHz, CDCDb)
55.28 (qt, J= 11.5, 6.0 Hz, 8H), 5.19 (g, J= 5.0 Hz, 1H), 4.79 (s, 1H), 4.22 (dd, J= 12.2,
4.5 Hz, 2H), 4.08 (ddd, J= 11.8, 5.8, 3.5 Hz, 2H), 3.22 (q, J= 5.9 Hz, 2H), 2.70 (t, J= 6.4
Hz, 4H), 2.53 (t, J= 6.2 Hz, 2H), 2.46 (s, 3H), 2.33 (dd, J=9.6, 7.0 Hz, 2H), 2.25 (t, J= 7.6
Hz, 4H), 1.98 (g, J= 6.8 Hz, 7H), 1.89 - 1.80 (m, 2H), 1.76 - 1.61 (m, 7H), 1.60- 1.45 (m,
6H), 1.34- 1.16 (m, 33H), 0.87 - 0.72 (m, 12H). MS: 928.4 m/z [M+H].
Example 107 - Compound 107

Intermediate 107a: (Z)-1-bromonon-3-ene

Bre ~—~"~"~"

To asolution of PPh3 (36.79 g, 1.33 equiv.) in DCM (1M) was added Bn (7.23 mL, 1.33
eq) at 0 °C. (Z)-non-3-en-I-ol (15 g, 1.0 equiv.) was added to the reaction mixture and the
mixture was stirred at 0 °C for 2 h. The reaction mixture was quenched by addition of H20
at 0 °C and extracted 3x with EtOAc. The combined organic layers were concentrated
under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford product asa colorless oil (15 g, 69%). ¥ANMR (400 MHz,
CDCb) 065.47 - 5.30 (m, 2H), 3.64 (t, J= 6.7 Hz, 2H), 2.18 - 2.06 (m, 2H), 2.02 (q, J= 6.7
Hz, 2H), 1.77 (s, 1H), 1.62 (p, J= 6.9 Hz, 2H), 1.38 - 1.20 (m, 6H), 0.87 (t, J= 6.8 Hz,
3H).

Intermediate 107b: (Z)-non-3-en-lI-ylmagnesium  bromide

BrMg _~— ~ "~
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To asuspension of Mg (2.13 g, 1.2 equiv.) in THF (150 mL) was added I, (1.86 g, 0.1
equiv.). Then Intermediate 107a (15 g, 1.0 equiv.) was added to the mixture and the mixture
was stirred at 45 °C for 2 h. The reaction mixture was used for next step directly without
additional purification.

Intermediate 107c: ethyl (Z)-4-oxotridec-7-enoate

o
Etozc/\)l\/\=/\/\/
Intermediate 107c was synthesized in 75% yield from Intermediate 107b using the method
employed in Intermediate 103b. %2 NMR (400 MHz, CDCb) & 5.43 - 5.23 (m, 2H), 4.10
(qd, J=7.1, 3.2 Hz, 3H), 2.69 (t, J= 6.6 Hz, 2H), 2.55 (t, J= 6.6 Hz, 2H), 2.47 (t, J=7.4
Hz, 2H), 2.30 (g, J= 7.3 Hz, 2H), 2.01 - 1.95 (m, 2H), 1.34- 1.18 (m, 11H), 0.86 (t, J= 6.8
Hz, 3H).

Intermediate 107d: (Z)-4-oxotridec-7-enoic acid

0]
R S
Intermediate 107d was synthesized in 80% yield from Intermediate 107c using the method
employed in Intermediate 103c. %2 NMR (400 MHz, CDCb) 6 5.23 (ddt, J= 34.8, 17.4, 7.8
Hz, 2H), 4.27 - 3.96 (m, 2H), 2.58 (t, J= 6.1 Hz, 2H), 2.38 (t, J= 7.4 Hz, 2H), 2.31 - 2.08
(m, 4H), 1.92 (g, J= 6.9 Hz, 2H), 1.75 (s, 2H), 1.21 (dg, J= 15.0, 9.2, 8.0 Hz, 6H), 0.80 (t,
J=6.7 Hz, 3H).

Intermediate 107e: 2-(((Z)-4-oxotridec-7-enoyl)oxy)propane-1,3-diyl (92,972,127,12'7)-
bis(octadeca-9, 12-dienoate)

Intermediate 107e was synthesized in 80% yield from Intermediate 107d and Intermediate
| cusing the method employed in Intermediate 104c. %2 NM R (400 MHz, CDCb) & 5.35 -
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5.22 (m, 9H), 5.21 - 5.15 (m, 1H), 4.23 (dt, J= 11.9, 4.8 Hz, 2H), 4.12 - 4.01 (m, 4H), 2.76
- 2,67 (M, 4H), 2.65 (t, J= 6.5 Hz, 2H), 2.55 - 2.49 (m, 2H), 2.42 (t, J= 7.5 Hz, 2H), 2.25
(t, J= 7.6 Hz, 6H), 1.98 (g, J= 7.2 Hz, 13H), 1.54 (p, J= 7.6 Hz, 4H), 1.32- 1.18 (m,
37H), 0.82 (td, J= 7.0, 1.7 Hz, 9H).

Intermediate 107f: 2-(((Z)-4-(((4-nitrophenoxy)carbonyl)oxy)tridec-7-enoyl)oxy)propane-
1,3-diyl (92,9'Z, 127, 12'7)-bis(octadeca-9, 12-dienoate)

O
OJJ\O

Intermediate 107f was synthesized in 21% yield from Intermediate 107e using the method
10  employed in Intermediate le. %2 NMR (400 MHz, CDCb) & 8.48 - 8.20 (m, 2H), 7.56 -
7.32 (m, 2H), 5.45 - 5.20 (m, 10H), 4.88 (tt, J= 7.9, 4.6 Hz, 1H), 4.30 (ddd, J= 12.1, 10.3,
4.5 Hz, 2H), 4.15 (ddd, J= 11.9, 5.8, 2.1 Hz, 2H), 2.74 (dt, J= 19.6, 6.5 Hz, 5H), 2.59 (t, J
= 6.5 Hz, 1H), 2.48 (g, J= 7.1 Hz, 2H), 2.41 - 2.24 (m, 5H), 2.15 (q, J= 7.7 Hz, 1H), 2.09
- 1.96 (m, 10H), 1.61 (q, J= 12.7, 9.4 Hz, 5H), 1.39 - 1.20 (m, 30H), 0.99 - 0.69 (m, 9H).
15
Compound 107: 2-(((Z2)-4-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)tridec-7-
enoyl)oxy)propane- 1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

H
0 (o)
0\(\0)1\/\/\/\/%;/\/\
(0]

Compound 107 was synthesized in 56% yield from Intermediate 107f and N'-ethyl-N'-
20  methyl-ethane- 1,2-diamine using the method employed in Intermediate 91d. ¥ NMR (400
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MHz, CDCb) 85.41 - 5.29 (m, 9H), 5.24 (p, J= 5.0 Hz, 1H), 5.16 (d, J= 5.3 Hz, 1H), 4.81
- 474 (m, 1H), 4.28 (dd, J= 11.9, 4.4 Hz, 2H), 4.14 (ddd, J= 11.9, 5.8, 3.3 Hz, 2H), 3.23
(9, J= 5.9 Hz, 2H), 2.76 (t, J= 6.4 Hz, 4H), 2.48 - 2.36 (m, 6H), 2.31 (t, J= 7.6 Hz, 4H),
2.20 (s, 3H), 2.02 (dg, J= 20.4, 7.0 Hz, 12H), 1.96- 1.87 (m, 2H), 1.81 (dd, J= 14.7, 7.3
Hz, 1H), 1.65- 155 (m, 7H), 1.39 - 1.22 (m, 35H), 1.03 (t, J= 7.1 Hz, 3H), 0.88 (td, J =
7.0, 2.3 Hz, 9H). MS: 955.3 m/z [M+H].

Example 108 - Compound 108

Compound 108: 2-(((Z)-4-(((2-(pyrrolidin- 1-yl)ethyl)carbamoyl)oxy)tridec-7-
enoyl)oxy)propane- 1,3-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)

CL\/\ij)\o
H
0 o B
O\(\OJ\/\/\/\/:\/:\/\/\
0

Compound 108 was synthesized in 51% yield from Intermediate 107f and 2-pyrrolidin-I-
ylethanamine using the method employed in Intermediate 91d. ¥:NMR (400 MHz, CDCDb)
55.43 - 5.26 (m, 9H), 5.24 (q, J= 5.1 Hz, 1H), 4.78 (tt, J= 8.6, 4.6 Hz, 1H), 4.28 (dd, J=
11.9, 4.4 Hz, 2H), 4.14 (ddd, J= 119, 5.8, 3.5 Hz, 2H), 3.29 (q, J= 5.9 Hz, 2H), 2.76 (t, J =
6.4 Hz, 4H), 2.66 - 2.50 (m, 5H), 2.39 (ddd, J= 9.6, 6.7, 3.6 Hz, 2H), 2.31 (t, J= 7.6 Hz,
4H), 2.01 (dg, J= 20.4, 7.1 Hz, 12H), 1.87 - 1.72 (m, 5H), 1.59 (q, J= 7.3 Hz, 6H), 1.40 -
1.15 (m, 31H), 0.88 (td, J= 6.9, 2.2 Hz, 9H). MS: 967.3 m/z [M+H].

Example 109 - Compound 109

Intermediate 109a: 3-((tert-butyldimethylsilyl)oxy)-2-oxopropyl  (9Z,12Z)-octadeca-9,12-

dienoate

0 OJW:v:\/\/\
T,

OTBS
Intermediate 109awas synthesized in 63% yield from Intermediate 62a and linoleic acid

using the method employed in Intermediate 62b. 1HNMR (400 MHz, CDCb) &5.31 —5.19
(m, 4H), 4.84 (s, 2H), 4.16 (s, 2H), 2.67 (t, J= 6.7 Hz, 2H), 2.32 (t, J= 7.5 Hz, 2H), 1.94 (q,
J=69Hz, 4H), 1.57 (g9, J= 7.4 Hz, 2H), 1.31 - 1.13 (m, 15H), 0.80 (d, J= 15.1 Hz, 12H).
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Intermediate 109b: 3-hydroxy-2-oxopropyl (9Z,127)-octadeca-9,12-dienoate

OT\OJWM

OH
To asolution of Intermediate 109a (1.0 equiv.) in THF (180 mL) was added HF-pyridine
(5.0 equiv.). The mixture was stirred at 25 °C for 1h. The reaction mixture was
concentrated under reduced pressure to remove THF. The residue was diluted with H20 and
extracted 3x with EtOAc. The combined organic layers were dried over Na2S04, filtered
and the filtrate was concentrated under reduced pressure to give aresidue. The residue was
purified by column chromatography to afford product as a colorless oil (66%). ¥4 NMR
(400 MHz, CDCh) $5.33 (dtd, J= 12,5, 10.3, 9.5, 5.6 Hz, 4H), 4.74 (s, 1H), 4.36 (s, 1H),
2.76 (t, J= 6.4 Hz, 2H), 241 (t, J=7.5Hz, 1H), 2.37 - 2.27 (m, 1H), 2.03 (q, J= 6.9 Hz,
4H), 1.65 (p, J= 7.1 Hz, 2H), 1.41 - 1.24 (m, 14H), 0.87 (t, J= 6.7 Hz, 3H).

Intermediate 109c: 3-(oleoyloxy)-2-oxopropyl (9Z,12Z7)-octadeca-9,12-dienoate

Intermediate 109c was synthesized in 50% yield from Intermediate 109b and oleic acid
using the method employed in Compound 52. % NMR (400 MHz, CDCh) 65.37 - 5.22
(m, 6H), 4.68 (s, 4H), 2.70 (t, J= 6.4 Hz, 2H), 2.35 (t, J= 7.5 Hz, 4H), 2.02 - 1.91 (m, 8H),
1.60 (g, J= 7.3 Hz, 4H), 1.33 - 1.17 (m, 33H), 0.81 (dt, J= 7.0, 3.3 Hz, 6H).

Intermediate 109d: 2-hydroxy-3-(oleoyloxy)propyl (9Z,127)-octadeca-9,12-dienoate
o

HO OJ\/\/\/\/Z\/\/\/\/
\(\

o)

OWVW
Intermediate 109d was synthesized in 50% yield from Intermediate 109c using the method
employed in Intermediate Ic. % NMR (400 MHz, CDCh) 8 5.37 - 5.21 (m, 6H), 4.15 -
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4,00 (m, 4H), 2.70 (t, J= 6.3 Hz, 2H), 2.28 (t, J= 7.6 Hz, 4H), 2.04 - 1.89 (m, 8H), 1.56 (t,
J=7.4Hz, 4H), 1.23 (dt, J= 13.9, 7.0 Hz, 34H), 0.82 (td, J = 6.8, 3.8 Hz, 6H).

Compound 109: 3-(oleoyloxy)-2-((4-(((2-(pyrrolidin-I-
yl)ethyl)carbamoyl)oxy)octanoyl)oxy)propyl (92, 12Z)-octadeca-9, 12-dienoate

CL\/\Nj\o
H
© 0
O\E\OJ\/\/\/\/=\/\/\/\/
0

Compound 109 was synthesized from Intermediate 109d and Intermediate 85c using the
method employed in Compound 85. %2 NMR (400 MHz, CDCb) & 5.35 (tdd, J= 8.8, 6.5,
3.6 Hz, 5H), 5.28 - 5.22 (m, 1H), 5.16 (s, 1H), 4.29 (dd, J = 11.9, 4.4 Hz, 2H), 4.15 (ddd, J
= 119, 5.8, 3.3 Hz, 2H), 3.34 - 3.22 (m, 2H), 2.77 (t, J= 6.5 Hz, 2H), 2.55 (d, J= 30.6 Hz,
5H), 2.39 (ddd, J= 8.8, 6.6, 3.8 Hz, 2H), 2.31 (t, J= 7.6 Hz, 4H), 2.09 - 1.97 (m, 7H), 1.91
(d, J=7.2Hz, 1H), 1.78 (d, J= 6.0 Hz, 4H), 1.61 (t, J= 7.2 Hz, 6H), 1.30 (td, J= 10.5, 9.4,
4.7 Hz, 30H), 0.91 - 0.87 (m, 6H). MS: 902.3 m/z [M+H].

Example 110 -Compound 110

Intermediate 110a: 2-oxopropane-l,3-diyl dioleate

To asolution of 1,3-dihydroxypropan-2-one (549, 0.5 equiv.) in DCM (300 mL) was added
DMAP (1.1 equiv.) and EDCI (1.0 equiv.). Then the above mixture was added oleic acid
(1.0 equiv.) and stirred at 25 °C for 12 h. The reaction mixture was concentrated under
reduced pressure to remove DCM. The residue was diluted with H20 and extracted 3x with
EtOAc. The combined organic layers were dried over NaiSCri, filtered, and the filtrate was
concentrated under reduced pressure to give aresidue. The residue was purified by column

chromatography to afford product asa colorless oil (8 g, 12%). ‘"H NMR (400 MHz,
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CDCb) 55.34- 5.21 (m, 4H), 4.68 (s, 4H), 2.35 (t, J= 7.5 Hz, 4H), 1.94 (g, J= 6.4 Hz,
8H), 1.60 (g, J= 7.4 Hz, 4H), 1.31 - 1.14 (m, 38H), 0.89 - 0.75 (m, 6H).

Intermediate 110b: 2-hydroxypropane-,3-diyl  dioleate
0]

HO\COJ]\/\/W:\/\/\/\/
o
OW/W
Intermediate 110b was synthesized in 47% yield from Intermediate 110ausing the method
employed in Intermediate Ic. % NMR (400 MHz, CDCb) 05.41 - 5.26 (m, 4H), 4.22 -
4.06 (M, 4H), 2.34 (t, J= 7.6 Hz, 4H), 2.01 (q, J= 6.4 Hz, 7H), 1.63 (p, J= 7.2 Hz, 4H),
1.28 (d, J= 14.2 Hz, 33H), 0.90 - 0.81 (m, 6H).

Compound 110: 2-((4-(((2-(pyrrolidin-I-yl)ethyl)carbamoyl)oxy)octanoyl)oxy)propane-

1,3-diyl dioleate
C\ 0
N\/\NJ\O
H
° 0
O\COJK/V\N:\/\/\/\/
0

Compound 110 was synthesized from Intermediate 110b and Intermediate 85c using the
method employed in Compound 85. % NMR (400 MHz, CDCb) 65.33 - 5.22 (m, 4H),
5.22 - 515 (m, 1H), 5.08 (s, 1H), 4.69 (s, 1H), 4.28 - 4.17 (m, 2H), 4.08 (ddq, J = 12.2,
6.4, 2.9 Hz, 2H), 3.21 (d, J= 6.8 Hz, 2H), 2.51 (t, J= 6.2 Hz, 2H), 2.43 (d, J= 6.0 Hz, 4H),
2.32 (ddd, J= 8.6, 6.6, 3.7 Hz, 2H), 2.24 (t, J= 7.6 Hz, 4H), 1.94 (q, J= 6.7 Hz, 8H), 1.87 -
1.78 (m, 1H), 1.70 (p, J= 3.1 Hz, 5H), 1.61 - 1.36 (m, 9H), 1.22 (d, J= 13.2 Hz, 45H), 0.82
(td, J=6.9, 3.7 Hz, 9H). MS: 904.2 m/z [M +H].

Example 111- Compound 111

Compound 111 - 3-((4-(((2-(pyrrolidin-I-yl)ethyl)carbamoyl)oxy)octanoyl)oxy)propane-
1,2-diyl (92,97, 127, 12'7)-bis(octadeca-9, 12-dienoate)
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C\N\/\ij)\

o

Compound 111was synthesized from Intermediate 85c and Intermediate 30a using the
method employed in Compound 85. % NMR (400 MHz, CDCb) & 5.43 - 5.27 (m, 8H),
5.24 (t, J= 5.2 Hz, 1H), 5.14 (s, 1H), 4.74 (s, 1H), 4.27 (ddd, J= 12.2, 8.2, 4.2 Hz, 2H),
418 - 4.09 (m, 2H), 3.27 (q, J= 5.9 Hz, 2H), 2.75 (t, J= 6.4 Hz, 4H), 2.57 (t, J= 6.2 Hz,
2H), 2.50 (s, 4H), 2.37 (td, J= 8.9, 7.8, 3.5 Hz, 2H), 2.30 (td, J= 7.5, 4.4 Hz, 4H), 2.03 (q, J
= 6.9 Hz, 8H), 1.98 - 1.86 (m, 2H), 1.76 (h, J= 3.1 Hz, 5H), 1.59 (tt, J= 9.8, 5.1 Hz, 7H),
1.38- 1.21 (m, 30H), 0.87 (t, J= 6.7 Hz, 9H). MS: 900.1 m/z [M +H].

Example 112 - Compound 112

Compound 112: 2-(((4-(((2-(pyrrolidin-I-

yl)ethyl)carbamoyl)oxy)octanoyl)oxy)methyl)propane-1,3-diyl (92,92,122,12'2)-
bis(octadeca-9, 12-dienoate)

o
C}‘l\/\NJ\O
H
o
o) o
KCOJ\/\/WW:\/\/\
o

Compound 112 was synthesized from Intermediate 86c and Intermediate 53ausing the
method employed in Compound 84. % NMR (400 MHz, CDCb) & 5.44 - 5.28 (m, 8H),
5.19 (s, 1H), 4.75 (s, 1H), 4.12 (d, J= 5.9 Hz, 6H), 3.29 (g, J= 6.1 Hz, 2H), 2.77 (t, J= 6.4
Hz, 4H), 2.64 - 2.49 (m, 6H), 2.38 (ddd, J= 10.1, 8.5, 4.8 Hz, 3H), 2.30 (t, J= 7.6 Hz, 4H),
2.05 (q, J= 6.8 Hz, 8H), 1.90 (s, 2H), 1.86- 1.72 (m, 6H), 1.61 (t, J= 7.3 Hz, 7H), 1.32 (tq,
J=17.6, 4.9, 3.7 Hz, 33H), 0.89 (t, J= 6.7 Hz, 9H). MS: 914.1 m/z [M +H].
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Example 113 - Compound 113

Intermediate 113a: benzyl 3-hydroxyheptanoate
OH

J:W

0~ OBn

Znwas poured into HC1 (1 M) and stirred for 30 min. The mixture was filtered, and the
precipate was washed with EtOH. The solid was dried under reduced pressure to afford
freshly prepared Zn. To a suspension of Zn (15.18 g, 2.0 equiv.) in THF (50 mL) was added
pentanal (1.0 equiv.) and benzyl 2-bromoacetate (1.5 equiv.) dropwise a 66 °C for 0.5 h.
The reaction mixture was filtered, and the filtrate was concentrated under reduced pressure
to give aresidue. The residue was diluted with H20 and extracted 3x with EtOAc. The
combined organic layers were concentrated under reduced pressure to give aresidue. The
residue was purified by column chromatography to afford product asacolorless oil (10 g,
36%). ¥ NMR (400 MHz, CDCb) &7.34 (d, J= 4.1 Hz, 5H), 5.14 (s, 2H), 4.01 (it, J= 8.4,
3.6 Hz, 1H), 2.87 (s, 1H), 2.59 - 2.41 (m, 2H), 1.57 - 1.47 (m, 1H), 1.43 (qd, J= 9.6, 8.9,
4.6 Hz, 2H), 1.37 - 1.24 (m, 4H), 0.93 - 0.87 (m, 3H).

Intermediate 113b: benzyl 3-(((4-nitrophenoxy)carbonyl)oxy)heptanoate
on\A)O\/\/

0O~ a5
To a solution of Intermediate 113a(8 g, 1.0 equiv.) and (4-nitrophenyl) carbonochloridate
(2.0 equiv.) inDCM (10 mL) was added pyridine (3.0 equiv.) a O °C. The mixture was
stirred at 20 °C for 2 h under N 2atmosphere. The reaction mixture was concentrated under
reduced pressure to remove DCM. The residue was diluted with H20 and extracted 3x with
EtOAc. The combined organic layers were concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography to afford product as a
colorless ail (8 g, 59% yield). NMR (400 MHz, CDCb) $8.30 - 8.21 (m, 2H), 7.39 -
7.28 (m, 7H), 5.16 (d, J= 3.3 Hz, 2H), 2.82 - 2.69 (m, 2H), 1.81 - 1.68 (m, 2H), 1.43 -
1.30 (m, 5H), 0.94 - 0.89 (m, 3H).
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Intermediate 113c: benzyl 3-(((2-(pyrrolidin-l-yl)ethyl)carbamoyl)oxy)heptanoate
H

@ /\/NYO
o
) J\A
OBn
To asolution of Intermediate 113b (0.5 g, 1.0 equiv.) and 2-pyrrolidin-l-ylethanamine (3.0
equiv.) in MeCN (10 mL) was added DMAP (0.1 equiv.) and pyridine (3.0 equiv.) a 0O °C.
The mixture was stirred at 20 °C for 2 h. The reaction mixture was concentrated under
reduced pressure to remove MeCN. The residue was diluted with TI,O and extracted 3x
with EtOAc. The combined organic layers were concentrated under reduced pressure to
give aresidue. The residue was purified by column chromatography to afford product asa
colorless oil (0.4 g, 85%). ¥ NMR (400 MHz, CDCb) &7.36 - 7.20 (m, 5H), 5.05 (s, 2H),
3.17 (dt, J= 13.3, 6.4 Hz, 2H), 2.56 (td, J= 13.2, 11.4, 6.3 Hz, 2H), 2.50 - 2.37 (m, 6H),
1.72- 163 (m, J= 4.0, 3.5 Hz, 4H), 1.49 (s, 2H), 1.28 - 1.20 (m, 4H), 0.81 (q, J= 4.2, 3.2
Hz, 3H).

Intermediate 113d: 3-(((2-(pyrrolidin-I-yl)ethyl)carbamoyl)oxy)heptanoic  acid
H

G/\/NYO
0
] J\A
OH
To asolution of Intermediate 113c (3.5 g, 1.0 equiv.) in THF (10 mL) was added Pd/C
(10% wi/w). The mixture was purged 3x with H2, and then the mixture was stirred at 20 °C
for 12 h under H2 atmosphere. The reaction mixture was filtered, and the filtrate was
concentrated under reduced pressure to give aresidue. The residue was purified by column
chromatography to afford product asa colorless oil (2 g, 75%). '"H NMR (400 MHz,
CDCb) 3 10.00 (s, 1H), 6.46 (t, J= 6.0 Hz, 1H), 5.02 (dt, J= 10.0, 5.2 Hz, 1H), 3.43 - 3.25
(m, 3H), 2.92 (dt, J=21.7, 6.5 Hz, 6H), 2.37 (qd, J = 14.9, 6.4 Hz, 2H), 1.87 (q, J= 4.4, 2.9
Hz, 4H), 1.64 - 1.45 (m, 2H), 1.24 (h, J= 7.7, 6.7 Hz, 4H), 0.88 - 0.75 (m, 3H).
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Compound 113: 2-(((3-(((2-(pyrrolidin-I-
yl)ethyl)carbamoyl)oxy)heptanoyl)oxy)methyl) propane-1,3-diyl (92,92,127,12'7)-
bis(octadeca-9, 12-dienoate)

H

O'/\/NYO

5 Compound 113 was synthesized from Intermediate 113c and Intermediate 53ausing the
method employed in Compound 52. % NMR (400 MHz, CDCb) & 5.37 - 5.18 (m, 8H),
5.00 (g, J= 6.4 Hz, 1H), 4.06 (p, J= 6.5, 6.1 Hz, 6H), 3.21 (p, J= 7.3, 6.8 Hz, 2H), 2.70 (t,

J= 6.5 Hz, 4H), 2.55 - 2.39 (m, 7H), 2.32 (p, J= 6.0 Hz, 1H), 2.23 (t, J= 7.6 Hz, 4H), 1.98
(@, J= 6.8 Hz, 7TH), 1.76 - 1.63 (m, 5H), 1.54 (t, J= 7.3 Hz, 6H), 1.33 - 1.15 (m, 30H), 0.82

10  (t, J=6.7 Hz, 9H). MS: 900.1 m/z [M+H].
Example 114 - Comparative Compound 114

Compound 114: 2-(((2-(ethyl(methyl)amino)ethyl)carbamoyl)oxy)propane-1,3-diyl
(92,927,127, 12'7)-bi s(octadeca-9, 12-dienoate)

L

OTNH j\/\/\/\/:\/:\/\/\
\Co

15 Toasolution of Intermediate |c (250 mg, 1.0 equiv) in DCM (2 mL) was added pyridine
(3.0 equiv) and 4-nitrophenyl chloroformate (1.1 equiv). The reaction was stirred at 25 °C
for 2 h, after which point the reaction was quenched by the addition of water and extracted
3x with DCM. The organic layers were dried over Na2S04, filtered, and concentrated. The
resulting crude residue was reconstituted in MeCN (2 mL) followed by the addition of

20  pyridine (3.0 equiv), Nl-ethyl-NI-methylethane- 1,2-diamine (1.5 equiv), and DMAP (1.0
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equiv). The reaction was stirred at 25 °C for 16 h. Heptane was then added to the reaction
mixture, and the heptane layer was washed 3x with MeCN. The combined MeCN layers
were back-extracted three times with heptane, and the combined heptane layers were
washed one final time with MeCN. Heptane was then removed in vacuo, and crude material
was purified by column chromatography (MeOH/DCM) to afford product as a colorless ail
(138 mg, 46%). 1H NMR (400 MHz, CDC13) 85.49 - 5.27 (m, 8H), 5.14 (p, J= 5.0 Hz,
1H), 4.33 - 4.12 (m, 4H), 3.29 (q, J= 5.7 Hz, 2H), 2.83 - 2.71 (m, 4H), 2.60 - 2.38 (m,
5H), 2.38 - 2.16 (m, 7H), 2.04 (g, J= 6.9 Hz, 8H), 1.69 - 1.56 (m, 4H), 1.42 - 1.22 (m,
28H), 1.07 (t, J= 7.2 Hz, 3H), 0.96 - 0.85 (m, 6H).
Example 115 - Materials and Methods
LNP compositions

LNPs were prepared using various amine lipids in a4-component lipid system
consisting of anionizable lipid (e.g. an amine lipid), DSPC, cholesterol and PEG-2k-
DMG.In assays for percent liver editing in mice, Cas9 mRNA and chemically modified
sgRNA targeting a mouse sequence were formulated in LNPs, at either a 1:1w/w ratio or a
1:2 wiw rétio.
LNP Formulation - Cross Flow
The lipid components were dissolved in 100% ethanol with the lipid component molar
ratios described below. The chemically modified sgRNA and Cas9 mRNA were combined
and dissolved in 25 mM citrate, 100 mM NaCl, pH 5.0, resulting in a concentration of total
RNA cargo of approximately 0.45 mg/mL. The LNPs were formulated with an N/P ratio of
about 6, with the ratio of chemically modified sgRNA: Cas9 mRNA at either a1:1or 1:2
w/w ratio as described below.
The LNPs were formed by an impinging jet mixing of the lipid in ethanol with two volumes
of RNA solutions and one volume of water. The lipid in ethanol ismixed through amixing
cross with the two volumes of RNA solution. A fourth stream of water ismixed with the
outlet stream of the cross through an inline tee. (See, e.g., W02016010840, Fig. 2.) The
LNPs were held for 1hour at room temperature, and further diluted with water
(approximately 1:1v/v). Diluted LNPs were concentrated using tangential flow filtration on
aflat sheet cartridge (Sartorius, I100kD MWCO) and then buffer exchanged by diafiltration
into 50 mM Tris, 45 mM NaCl, 5% (w/v) sucrose, pH 7.5 (TSS). Alternatively, the fina
buffer exchange into TSS was completed with PD-10 desalting columns (GE). If required,

compositions were concentrated by centrifugation with Amicon 100 kDa centrifugal filters
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(Millipore). The resulting mixture was then filtered using a0.2 pm sterile filter. The final
LNP was stored a 4°C or -80°C until further use.

LNP Composition Analytics

Dynamic Light Scattering (“DLS") isused to characterize the polydispersity index (“pdi”)
and size of the LNPs of the present disclosure. DLS measures the scattering of light that
results from subjecting a sample to alight source. PDI, as determined from DL S
measurements, represents the distribution of particle size (around the mean particle size) in
apopulation, with aperfectly uniform population having aPDI of zero.

Electropheretic light scattering isused to characterize the surface charge of the LNP a a
specified pH. The surface charge, or the zeta potential, isameasure of the magnitude of
electrostatic repul sion/attraction between particles in the LNP suspension.
Asymmetric-Flow Field Flow Fractionation - Multi-Angle Light Scattering (AF4-MALYS)
isused to separate particles in the composition by hydrodynamic radius and then measure
the molecular weights, hydrodynamic radii and root mean square radii of the fractionated
particles. This allows the ability to assess molecular weight and size distributions aswell as
secondary characteristics such asthe Burchard-Stockmeyer Plot (ratio of root mean square
(“rms’) radius to hydrodynamic radius over time suggesting the internal core density of a
particle) and the rms conformation plot (log of rms radius vslog of molecular weight where
the slope of the resulting linear fit gives a degree of compactness vs elongation).
Nanoparticle tracking analysis (NTA, Malvern Nanosight) can be used to determine particle
size distribution aswell as particle concentration. LNP samples are diluted appropriately
and injected onto amicroscope slide. A camera records the scattered light asthe particles
are sowly infused through field of view. After the movie is captured, the Nanoparticle
Tracking Analysis processes the movie by tracking pixels and calculating a diffusion

coefficient. This diffusion coefficient can betranslated into the hydrodynamic radius of the
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particle. The instrument also counts the number of individual particles counted in the
analysis to give particle concentration.

Cryo-electron microscopy (“cryo-EM”) can be used to determine the particle size,
morphology, and structural characteristics of an LNP.

Lipid compositional analysis of the LNPs can be determined from liquid chromatography
followed by charged aerosol detection (LC-CAD). This analysis can provide a comparison
of the actual lipid content versus the theoretical lipid content.

LNP compositions are analyzed for average particle size, polydispersity index (pdi), total
RNA content, encapsulation efficiency of RNA, and zeta potential. LNP compositions may
be further characterized by lipid analysis, AF4-MALS, NTA, and/or cryo-EM. Average
particle size and polydispersity are measured by dynamic light scattering (DLS) using a
Malvern Zetasizer DLS instrument. LNP samples were diluted with PBS buffer prior to
being measured by DLS. Z-average diameter which isan intensity-based measurement of
average particle size was reported along with number average diameter and pdi. A Malvern
Zetasizer instrument isalso used to measure the zeta potential of the LNP. Samples are
diluted 1:17 (50 uL into 800 uL) in 0.1X PBS, pH 7.4 prior to measurement.

A fluorescence-based assay (Ribogreen®, ThermoFisher Scientific) isused to determine
total RNA concentration and free RNA. Encapsulation efficiency is calculated as (Total
RNA - Free RNA)/Total RNA. LNP samples are diluted appropriately with |x TE buffer
containing 0.2% Triton-X 100 to determine total RNA or |x TE buffer to determine free
RNA. Standard curves are prepared by utilizing the starting RNA solution used to make the
compositions and diluted in Ix TE buffer +/- 0.2% Triton-X 100. Diluted RiboGreen® dye
(according to the manufacturer's instructions) isthen added to each of the standards and
samples and allowed to incubate for approximately 10 minutes at room temperature, in the
absence of light. A SpectraMax M5 Microplate Reader (Molecular Devices) isused to read
the samples with excitation, auto cutoff and emission wavelengths set to 488 nm, 515 nm,
and 525 nm respectively. Total RNA and free RNA are determined from the appropriate
standard curves.

Encapsulation efficiency iscalculated as (Total RNA - Free RNA)/Total RNA. The same
procedure may be used for determining the encapsulation efficiency of aDNA-based cargo
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component. For single-strand DNA, Oligreen Dye may be used and for double-strand DNA,
Picogreen Dye.

AF4-MALS isused to look at molecular weight and size distributions aswell as secondary
statistics from those calculations. LNPs are diluted as appropriate and injected into aAF4
separation channel using an HPLC autosampler where they are focused and then eluted
with an exponential gradient in cross flow across the channel. All fluid isdriven by an
HPLC pump and Wyatt Eclipse Instrument. Particles eluting from the AF4 channel flow
through aUV detector, multi-angle light scattering detector, quasi-elastic light scattering
detector and differential refractive index detector. Raw data is processed by using a Debeye
model to determine molecular weight and rms radius from the detector signals.

Lipid components in LNPs are analyzed quantitatively by HPLC coupled to a charged
aerosol detector (CAD). Chromatographic separation of 4 lipid components is achieved by
reverse phase HPLC. CAD isadestructive mass based detector which detects all non-
volatile compounds and the signal is consistent regardless of analyte structure.

Cas9 mRNA and gRNA Cargos

The Cas9 mRNA cargo was prepared by in vitro transcription. Capped and polyadenylated
Cas9 mRNA comprising I X NLS (SEQ ID NO: 3) or a sequence of Table 24 of
PCT/US2019/053423 (which ishereby incorporated by reference) was generated by in vitro
transcription using alinearized plasmid DNA template and T7 RNA polymerase. For
example, plasmid DNA containing a T7 promoter and a 100 nt poly(A/T) region can be
linearized by incubating at 37 °C for 2 hours with Xbal with the following conditions: 200
ng/uL plasmid, 2 U/uL Xbal (NEB), and | x reaction buffer. The Xbal can beinactivated by
heating the reaction a 65 °C for 20 min. The linearized plasmid can be purified from
enzyme and buffer salts using a silica maxi spin column (Epoch Life Sciences) and
analyzed by agarose gel to confirm linearization. The IVT reaction to generate Cas9
modified mMRNA can be performed by incubating at 37 °C for 4 hours in the following
conditions: 50 ng/pL linearized plasmid; 2 mM each of GTP, ATP, CTP, and NI-methyl
pseudo-UTP (Trilink); 10 mM ARCA (Trilink); 5U/pL T7 RNA polymerase (NEB); 1
U/pL Murine RNase inhibitor (NEB); 0.004 U/pL Inorganic E. coli pyrophosphatase
(NEB); and Ix reaction buffer. After the 4 h incubation, TURBO DNase (ThermoFisher)

was added to afinal concentration of 0.01 U/pL, and the reaction was incubated for an
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additional 30 minutes to remove the DNA template. The Cas9 mRNA was purified with an
LiCl precipitation-containing method.

The sgRNAs in the following examples were chemically synthesized.

LNP Delivery In Vivo

CD-1 female mice, ranging from 6-10 weeks of age were used in each study. Animals were
weighed and grouped according to body weight for preparing dosing solutions based on
group average weight. LNPs were dosed via the lateral tail vein in avolume of 0.2 mL per
animal (approximately 10 mL per kilogram body weight). The animals were periodically
observed for adverse effects for at least 24 hours post dose.

For studies measuring in vivo editing in liver, CD-I female mice were dosed at 0.1 mpk
unless otherwise noted. Animals were euthanized at 6 or 7 days by exsanguinationvia
cardiac puncture under isoflourane anesthesia. Liver tissue was collected from each animal
for DNA extraction and analysis. Blood was collected into serum separator tubes or into
tubes containing buffered sodium citrate for plasma as described herein. Cohorts of mice
were measured for editing by Next-Generation Sequencing (NGS).

NGS Sequencing

In brief, to quantitatively determine the efficiency of editing at the target location in the
genome, genomic DNA was isolated and deep sequencing was utilized to identify the
presence of insertions and deletions introduced by gene editing.

PCR primers were designed around the target site (e.g., B2M), and the genomic area of
interest was amplified. Additional PCR was performed according to the manufacturer's
protocols (Illumina) to add the necessary chemistry for sequencing. The amplicons were
sequenced on an Illumina MiSeq instrument. The reads were aligned to the relevant
reference genome (e.g.,, GRCm38) after eliminating those having low quality scores. The
resulting files containing the reads were mapped to the reference genome (BAM files),

where reads that overlapped the target region of interest were selected and the number of
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wild type reads versus the number of reads which contain an insertion, substitution, or
deletion was calculated.

The editing percentage (€.0., the “editing efficiency” or “percent editing”) isdefined asthe
total number of sequence reads with insertions or deletions over the total number of
sequence reads, including wild type.

Transthyretin (TTR) ELISA anaysis

Blood was collected and the serum was isolated asindicated. The total mouse TTR serum
levels were determined using aMouse Prealbumin (Transthyretin) ELISA Kit (Aviva
Systems Biology, Cat. OKIAOOQI 11). Briefly, sera were seria diluted with kit sample
diluent, eg. to afina dilution of 10,000-fold and/or 2,500-fold. The diluted sample was
then added to the ELISA plates and the assay was then carried out according to directions.
Serum TTR data from treatment groups are expressed as apercentage of vehicle control
levels.

Example 116 - Assessing lipid efficacy by in vivo editing

We assessed invivo editing efficiency for materials delivered with formulations including
various amine lipid compounds. Editing was measured using either G282 (SEQ ID No: 1)
which targets the mouse TTR gene or G650 (SEQ ID No. 2) which targets the mouse B2M
gene. Lipids described above were assessed for efficacy through in vivo editing
experiments. LNPs were formulated at a 1:1w/w ratio of sgRNA to Cas9 mRNA, and at an
N/P ratio of about 6. Molar concentrations of lipids inthe lipid component of the LNPs are
expressed asmol % amine lipid/DSPC/cholesterol/PEG-2k-DMG, e.g. 50/10/38.5/1.5. The
fina LNPs were characterized to determine the encapsulation efficiency, polydispersity
index, and average particle size according tothe analytica methods provided above.
Analysis of average particle size, polydispersity (PDI), total RNA content and
encapsulation efficiency of RNA are shown in Table 2. The pKa values of the following
ionizable lipids was also measured and are provided in Table 1.

In Experiment 9, below, a series of compounds were tested that are based on compound 7
and which vary by inclusion of either a Cg cycloalkyl or ac4-12 alkyl at the R3 position of

Formula (1A) , asillustrated inFig. 1A.Asshown in Table 3 and Figs. IB and 1C, al six
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compound series based on compound 7 are also tested in Example 119 below.

Table 2- Composition Analytics.

Cmpnd Cqmpos1t10n Encap- Z-Ave Num Ave
No. ratio sulation %) | Size mm) | TPV | Size (nm) | EXP
(mol %)

1 50/10/38.5/1.5 99 79.25 0.085 | 57.00 1
3 50/10/38.5/1.5 98 83.58 0.042 | 67.38 1
7 50/10/38.5/1.5 98 87.93 0.052 | 70.97 1
8 50/10/38.5/1.5 98 9418 0.066 | 71.54 1
9 50/10/38.5/1.5 97 83.72 0.049 | 67.39 1
30 50/10/38.5/1.5 98 116.20 0.040 | 97.58 1
49 50/9/38/3 99 86.06 0.033 | 7123 1
5 50/10/38.5/1.5 97 88.86 0.003 | 73.37 2
6 50/10/38.5/1.5 98 68.98 0.075 |50.12 2
10 50/10/38.5/1.5 98 68.38 0.079 | 5146 2
49 50/9/38/3 98 75.34 0.052 | 59.17 2
11 50/10/38.5/1.5 98 92.55 0.063 | 70.42 3
12 50/10/38.5/1.5 98 73.87 0.051 | 56.58 3
49 50/9/38/3 97 78.85 0.036 | 64.05 3
14 50/10/38.5/1.5 96 95.77 0.023 | 77.66 4
15 50/10/38.5/1.5 97 90.90 0.055 | 7135 4
16 50/10/38.5/1.5 98 84.13 0.039 | 66.00 4
49 50/9/38/3 98 82.71 0.056 | 64.97 4
1 50/9/39.5/1.5 96 89.37 0.041 | 7027 5
17 50/10/38.5/1.5 98 91.32 0.037 | 72.26 5
18 50/10/38.5/1.5 99 77.64 0.057 | 58.93 5
19 50/10/38.5/1.5 99 8231 0.011 | 66.83 5
20 50/10/38.5/1.5 98 88.10 0.056 | 70.77 5
21 50/10/38.5/1.5 99 80.80 0.041 | 65.00 5
31 50/10/38.5/1.5 98 93.72 0.009 | 76.38 5
32 50/10/38.5/1.5 98 78.88 0.054 | 6221 5
33 50/10/38.5/1.5 98 87.33 0.036 | 70.78 5
34 50/10/38.5/1.5 96 90.69 0.044 | 73.81 5
35 50/10/38.5/1.5 97 85.62 0.063 | 68.07 5
36 50/10/38.5/1.5 97 76.38 0.058 | 60.24 5
49 50/9/38/3 98 82.71 0.056 | 64.97 5
7 50/10/38.5/1.5 98 95.20 0.020 | 76.61 6
9 50/10/38.5/1.5 98 85.62 0.048 | 68.63 6
22 50/10/38.5/1.5 98 98.32 0.026 | 79.28 6
23 50/10/38.5/1.5 97 9438 0.048 | 7529 6
24 50/10/38.5/1.5 98 109.50 0.133 | 72.78 6
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Cmpnd Cqmpos1t10n Encap- Z-Ave Num Ave
No. ratio sulation %) | Size mm) | TPV | Size (nm) | EXP
(mol %)
49 50/9/38/3 99 75.92 0.040 | 60.22 6
1 50/9/39.5/1.5 97 90.24 0.002 | 74.63 7
25 50/10/38.5/1.5 99 81.90 0.029 | 64.59 7
26 50/10/38.5/1.5 99 79.29 0.047 |62.17 7
27 50/10/38.5/1.5 99 85.38 0.040 | 65.81 7
28 50/10/38.5/1.5 98 90.56 0.029 | 73.19 7
29 50/10/38.5/1.5 83 90.05 0.002 | 74.44 7
49 50/9/38/3 98 80.07 0.019 | 64.16 7
34 50/10/38.5/1.5 98 92.98 0.014 | 75.69 8
38 50/10/38.5/1.5 98 87.14 0.045 | 68.11 8
49 50/9/38/3 98 86.84 0.020 | 71.49 8
7 50/10/38.5/1.5 97 89.00 0.034 | 73.67 9
34 50/10/38.5/1.5 97 85.93 0.043 | 68.07 9
39 50/10/38.5/1.5 98 89.19 0.004 | 73.72 9
40 50/10/38.5/1.5 97 98.55 0.023 | 81.09 9
41 50/10/38.5/1.5 98 109.00 0.036 | 88.36 9
42 50/10/38.5/1.5 98 113.80 0.014 |93.70 9
43 50/10/38.5/1.5 97 136.60 0.014 | 113.90 9
49 50/9/38/3 99 86.26 0.017 | 70.81 9
49 50/9/38/3 96 83.65 0.031 | 6722 9
114 50/10/38.5/1.5 95 120.3 0.011T | 100.5 9
34 50/10/38.5/1.5 98 92.98 0.014 | 75.69 10
38 50/10/38.5/1.5 98 87.14 0.045 | 68.11 10
49 50/9/38/3 98 86.84 0.020 | 71.49 10
49 50/9/38/3 96 83.65 0.031 | 6722 10

Table 3 shows editing percentages in mouse liver as measured by NGS.
Table 3. Editing efficiency in mouse liver, providing % indel formation for G282 and G650

experiments and serum TTR levels for G282 experiments.

Editing Serum TTR

Serum Sample | Serum

TTR number | TTR
Cmpnd No. | Mean % Indel | SD N [ (ug/ml) | SD | (n) (%TSS) | Guide | Exp.
TSS 0.1 0.1 4 | 884 113 |5 100% G282 |1
1 13.1 8.2 5 [ 671 201 |5 76% G282 |1
3 23.7 8.5 5 [ 691 182 | 5 78% G282 |1
7 453 8.3 5 1270 132 |5 31% G282 |1
8 0.1 0.1 5 [ 745 97 |5 84% G282 |1
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Editing Serum TTR
Serum Sample | Serum
TTR number | TTR

Cmpnd No. | Mean % Indel | SD N [ (ug/ml) | SD | (n) (%TSS) | Guide | Exp.
9 44.1 13.3 5 1339 184 | 5 38% G282 |1
30 10.4 4.8 5 | 841 89 |5 95% G282 |1
49 335 8.9 5 | 388 103 |5 44% G282 |1
TSS 0.1 0.1 5 G650 | 2
5 17.5 4.4 5 G650 | 2
6 0.4 0.1 5 G650 | 2
10 53 1.3 5 G650 | 2
49 10.2 2.8 4 G650 | 2
TSS 0.1 0.1 5 G650 | 3
11 92 1.2 5 G650 | 3
12 55 2.4 5 G650 | 3
49 15.7 55 5 G650 | 3
TSS 0.1 0.0 5 G650 | 4
14 20.6 8.7 5 G650 | 4
15 18.0 24 5 G650 | 4
16 10.1 1.7 5 G650 | 4
49 154 35 5 G650 | 4
TSS 02 0.1 5 G650 |5
1 18.6 3.9 5 G650 |5
17 12.3 4.4 5 G650 |5
13 4.5 14 5 G650 |5
19 13.0 4.1 5 G650 |5
20 154 5.1 5 G650 |5
21 12.1 14 5 G650 |5
31 15.6 1.8 5 G650 |5
32 11.6 2.0 5 G650 |5
33 20.0 5.0 5 G650 |5
34 448 8.3 5 G650 |5
35 355 6.6 5 G650 |5
36 30.0 8.4 5 G650 |5
49 22.3 4.6 5 G650 |5
TSS 0.0 0.0 5 G650 | 6
7 22.6 5.6 5 G650 | 6
9 20.3 2.0 5 G650 | 6
22 6.7 2.4 5 G650 | 6
23 73 2.0 5 G650 | 6
24 6.8 0.9 5 G650 | 6
49 114 2.2 5 G650 | 6
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Editing Serum TTR
Serum Sample | Serum
TTR number | TTR

Cmpnd No. | Mean % Indel | SD N [ (ug/ml) | SD | (n) (%TSS) | Guide | Exp.
TSS 0.0 0.1 5 G650 | 7
1 32 0.8 5 G650 | 7
25 10.2 55 5 G650 | 7
26 52 14 5 G650 | 7
27 13.0 2.8 5 G650 | 7
28 17.8 2.5 5 G650 | 7
29 3.6 0.7 5 G650 | 7
49 20.5 43 5 G650 | 7
TSS 0.1 0 5 1777 89 |5 100% G282 | 8
34 50.4 6.3 5 [ 101 62 |5 13% G282 | 8
38 26.7 6.1 5 [ 301 51 |5 39% G282 | 8
49 38.6 8.0 5 [ 247 82 |5 32% G282 |8
TSS 0.1 0.1 5 [ 812 33 |5 100% G282 |9
7 46.1 6.8 5 [ 271 73 |3 33% G282 |9
34 32.4 54 5 [ 367 97 |5 45% G282 |9
39 36.5 7.3 5 335 9 |5 41% G282 |9
40 447 8.1 5 [ 251 61 |5 31% G282 |9
41 28.8 15.9 5 1393 190 | 5 48% G282 |9
42 21.6 7.3 5 1473 122 |5 58% G282 |9
49 15.8 6.6 5 1602 60 |5 74% G282 |9
49 30.7 6.7 5 [ 527 145 | 5 65% G282 |9
114 0.8 1.1 5 | 637 49 |5 78% G282 |9
TSS 0.1 0 5 1777 89 |5 100% G282 | 10
34 50.4 6.3 5 [ 101 62 |5 13% G282 |10
38 26.7 6.1 5 [ 301 51 |5 39% G282 | 10
49 38.6 8.0 5 | 247 82 |5 32% G282 | 10
49 30.4 5.1 5 [ 311 76 |5 38% G282 |10

Example 117 - Dose responsiveness of editing in liver

To assess whether the editing was dose responsive, experiments were performed in vivo at
various LNP dose levels. Cas9 mRNA of Example 115 was formulated as LNPs with an
sgRNA targeting TTR (G00282; SEQ ID NO: 1). These LNPswere formulated at a 1:1
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w/w ratio of a sgRNA and Cas9 mRNA. The LNPs were formulated using the cross flow
procedure with lipid molar compositions as described in Table 4 a an N/P ratio of 6.0.
LNP compositions were analyzed for average particle size, polydispersity (pdi), total RNA
content and encapsulation efficiency of RNA asdescribed in Example 115.

5 Anaysis of average particle size, polydispersity (PDI), total RNA content and
encapsulation efficiency of RNA are shown in Table 4.
Table 4: Composition Analytics

Num

Z-Ave Ave

Compound Composition ratio | Encapsulation Size Size
Number (mol %) (%) (nm) | PDI (nm)
7 50/10/38.5/1.5 97 85.09 | 0.033 | 68.39
9 50/10/38.5/1.5 97 74.83 | 0.033 | 59.99
49 50/9/38/3 98 84.93 | 0.007 |69.51

CD-I female mice were dosed i.v. at 0.1 mpk or 0.3 mpk and assessed for editing in liver.
10  Results are shown in Fig. 2 and Table 5.

Table 5 TTR liver editing and serum TTR levels for dose response

Compound Number Dose (mpk) Mean %Indel SD N
TSS n/a 0.4 0.1 5
7 0.1 49.1 8.9 5
7 0.3 69.4 0.8 5
9 0.1 50.6 6.5 5
9 0.3 64.5 3.8 5
49 0.1 26.8 5.7 5
49 0.3 60.6 5.9 5
Example 118

15  To assess the scalability of dosing, dose response experiments were performed in vivo.
Cas9 mRNA of Example 115 was formulated asLNPs with agRNA targeting TTR
(G00282; SEQ ID NO: 1). These LNPs were formulated, prepared and analyzed as
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described in Example 115using a 1:1w/w ratio of a sgRNA and Cas9 mRNA. Composition
analysis for these LNPs are described in Table 6.
Table 6: Composition Analytics
Num
Z-Ave Ave
Compound Composition Encapsulation | Size Size
Number ratio (mol %) (%) (nm) PDI (nm)
Compound 5 50/10/38.5/1.5 99 76.02 0.009 62.64
Compound 34 | 50/10/38.5/1.5 98 86.45 0.015 7197
Compound 49 | 50/9/38/3 99 83.63 0.011 69.75
5

CD-1 female mice were dosed i.v. at 0.1 mpk or 0.3 mpk and assessed for editing in liver.
Results are shown in Fig. 3A and Fig. 3B and Table 7.

Table 7: Editing and serum TTR levels

Editing Serum TTR

Compound | Dose | Mean Serum TTR

Number (mpk) | %Indel | SD | N | (ug/ml) SD | N | %TSS

TSS TSS 0.1 0.0 5 818 118 | 5 100%

5 0.1 26.1 2.2 5 549 33 5 67%

5 0.3 52.5 5.1 5 233 100 | 5 28%

34 0.1 54.9 4.6 4 170 55 |4 21%

34 0.3 68.3 1.5 5 45 12 |5 5%

49 0.1 50.0 115 |5 254 107 | 4 31%

49 0.3 67.7 2.5 5 40 13 3 5%

10

Example 119 - Evauating lipid delivery efficacy by in vivo editing

We assessed invivo editing efficiency for materials delivered with formulations with
variable tail lengths through in Vivo editing experiments. LNPs were formulated as
described above with G502 (SEQ ID No: 4), which targets the mouse TTR gene, that was
15  used to measure editing. Formulations contained a 1:2 w/w ratio of sgRNA to Cas9 mRNA.
The characterization of the final LNPs is shown in Table 8. The pKa values of the ionizable
lipids were measured and are shown in Table 1.
In Experiment 4, a series of compounds based on Compound 7 were tested that vary by the
inclusion of a cs-12 akyl at the R3 position of Formula (1A), asillustrated in Fig. 4A. As
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shown in Table 9 and Figs. 4B and 4C, al five compounds tested were efficacious for in
vivo editing.

In Experiment 8, a series of compounds based on Compound 9 were tested that vary by the
inclusion of acsi2 akyl at the R3position of Formula (1A), asillustrated in Fig. 5A.
Experiment 2 tested Compound 287 of this series which included a C4alkyl at the R3
position. Asshown in Table 9 and Figs. 5B and 5C, all compounds inthis series tested were
efficacious for invivo editing.

In Experiment 3, a series of compounds based on Compound 46 were tested that vary by
the inclusion of acss alkyl at the R3 position of Formula (1A), asillustrated in Fig. 6A.
Compound 46 includes ac12akyl at the R3position, and compounds varying the tail length
were tested. Asshown in Table 9 and Figs. 6B and 6C, compounds with ¢ s (Compound

72), Ceé (Compound 50), ¢ 7 (Compound 76), and Cg (Compound 51) R3 groups were
efficacious for invivo editing..

In Experiment 7, a series of compounds based on Compound 5 were tested that vary by the
inclusion of acsio akyl at the R3position of Formula (1A), asillustrated in Fig. 7A.
Experiment 2 tested Compound 66 of this series which includes ac4alkyl at the R3
position. Compound 5includes aci2akyl atthe R3 position and was shown to be
efficacious for invivo editing in Examples 116 and 118. Asshown in Table 9 and Figs. 7B
and 7C, al additiona compounds tested in this series were efficacious for in vivo editing.
In Experiment 1, series of compounds based on Compound 34 were tested that vary at
positions X1and Y lof Formula (1A) asillustrated in Fig. 8A. Compound 52 and
Compound 34 shared dilinoleic groups at position Y land vary by the inclusion of a co-1
akylene groups at position X 1. Compound 53, Compound 54, and Compound 55 shared
triol groups at position Y land vary by the inclusion of a co-2 alkylene groups at position
X1, Compound 56,Compound 57, and Compound 58 shared 20 atom groups at position Y1
and vary by the inclusion of a co-1 alkylene groups at position X 1. Compound 59,
Compound 60 and Compound 61 shared 21 atom groups at position Y land vary by the
inclusion of a co-2 akylene groups at position X 1. Compound 62, Compound 63 and

Compound 64 shared heterogeneous linoleic and 21 atom groups at position Y land vary by
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the inclusion of aco-2 alkylene groups at position X 1. Asshown in Table 9 and Figs. 8B and
8C, al compounds tested were efficacious for invivo editing.

In Experiment 5, series of compounds based on Compound 50 were tested that vary at
positions X2 of Formula (1A) asillustrated in Fig. 9A. Asshown in Table 9 and Figs. 9B
and 9C, all compounds tested were efficacious for invivo editing at the 0.Impk dose.

In Experiment 6, series of compounds based on Compound 34 were tested asillustrated in
Fig. 10A. Compound 86 and Compound 99 vary from Compound 34 at the X 1position of
Formula (1A). Compound 103 vary from Compound 34 at the R3 position of Formula (1A).
Compound 87 and Compound 88 represent R- and S- etantiomers at carbon between the R3
and the X 1 positions of the racemic Compound 34. Data are shown in Table 9 and Figs. 10B
and IOC. All compounds in this series tested in mice were efficacious for invivo editing.
In Experiment 9, a series of compounds based on Compound 50 was tested asillustrated in
Fig. 11A. Compound 90 and Compound 89 represent R- and S- enantiomers at carbon
between the R3 and the X 1positions of the racemic Compound 50. Compound 100 and
Compound 107 vary from Compound 50 and both the R3 and the X 1 positions. Compound
105, Compound 106 and Compound 108 vary from Compound 50 at the R3position. Data
are shown in Table 9 and Figs. 1I1B and 11C. All compounds in this series tested in mice

were efficacious for in vivo editing.

Table 8- Composition Analytics

Cmpnd Cqmposition Encapsulation Zég:e PDI Num Ave Expt.
No. ratio (mol %) (%) Size (nm)
(nm)

49 50/9/38/3 98% 8792 | 0.05 69.84 1

1 50/10/38.5/1.5 99% 68.63 | 0.04 54.84 1
34 50/10/38.5/1.5 98% 93.66 | 0.02 76.32 1
52 50/10/38.5/1.5 98% 90.75 | 0.03 74.35 1
53 50/10/38.5/1.5 99% 9299 | 0.05 75.76 1
54 50/10/38.5/1.5 99% 94.16 | 0.04 75.05 1
55 50/10/38.5/1.5 97% 117.30 | 0.02 99.29 1
56 50/10/38.5/1.5 96% 112.50 | 0.03 91.81 1
57 50/10/38.5/1.5 98% 100.40 | 0.02 83.73 1
59 50/10/38.5/1.5 97% 109.90 | 0.03 88.36 1
60 50/10/38.5/1.5 97% 103.40 | 0.07 79.57 1
61 50/10/38.5/1.5 97% 102.00 | 0.06 79.7 1
62 50/10/38.5/1.5 97% 106.40 | 0.04 87.26 1
63 50/10/38.5/1.5 98% 106.00 | 0.04 82.18 1
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Cmpnd Cqmposition Encapsulation Zég:e PDI Num Ave Expt.
No. ratio (mol %) (%) Size (nm)
(nm)

64 50/10/38.5/1.5 97% 106.40 | 0.02 86.19 1
49 50/9/39.5/3 98% 88.36 | 0.014 73.13 2
44 50/9/39.5/1.5 99% 97.65 | 0.034 78.34 2
45 50/9/39.5/1.5 99% 102.70 | 0.021 85.54 2
67 50/9/39.5/1.5 99% 102.20 | 0.043 82.14 2
68 50/9/39.5/1.5 99% 122.30 | 0.051 100.4 2
49 50/9/38/3 93 77.07 | 0.03 63.19 3
50 50/10/38.5/1.5 98 9433 | 0.02 76.57 3
51 50/10/38.5/1.5 98 96.78 | 0.02 80.57 3
72 50/10/38.5/1.5 98 106.80 | 0.02 88.38 3
76 50/10/38.5/1.5 98 9432 | 0.01 78.11 3
49 50/9/38/3 98 81.83 | 0.026 66.26 4

7 50/10/38.5/1.5 98 87.61 | 0.002 73.07 4
39 50/10/38.5/1.5 98 89.83 | 0.015 73.52 4
40 50/10/38.5/1.5 97 101.10 | 0.027 81.51 4
69 50/10/38.5/1.5 96 108.90 | 0.017 88.76 4
73 50/10/38.5/1.5 97 95.81 | 0.029 76.59 4
49 50/10/38.5/1.5 98 83.00 | 0.03 65 5
50 50/10/38.5/1.5 98 103.00 | 0.06 77 5
77 50/10/38.5/1.5 98 104.00 | 0.08 78 5
78 50/10/38.5/1.5 97 91.00 | 0.13 59 5
79 50/10/38.5/1.5 98 75.00 | 0.09 55 5
84 50/10/38.5/1.5 99 91.00 | 0.03 75 5
49 50/9/38/3 99% 90.00 | 0.02 74 6
34 50/10/38.5/1.5 98% 89.00 | 0.03 73 6
86 50/10/38.5/1.5 98% 87.00 | 0.04 68 6
99 50/10/38.5/1.5 99% 79.00 | 0.03 64 6
103 50/10/38.5/1.5 91% 102.00 | 0.01 82 6
87 50/10/38.5/1.5 98% 83.00 | 0.06 63 6
88 50/10/38.5/1.5 98% 88.00 | 0.02 73 6
49 50/9/38/3 93 77.07 | 0.026 63.19 7
66 50/10/38.5/1.5 98 79.79 | 0.035 65.07 7
36 50/10/38.5/1.5 98 75.9 | 0.058 58.34 7
75 50/10/38.5/1.5 98 89.78 | 0.02 73.46 7
45 50/10/38.5/1.5 98 9526 | 0.012 77.92 7
71 50/10/38.5/1.5 97 104.5 | 0.035 86.63 7
49 50/9/38/3 98% 84.47 | 0.026 69.01 8

9 50/10/38.5/1.5 98% 64.83 | 0.074 48.82 8
65 50/10/38.5/1.5 99% 69.67 | 0.056 52.04 8
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Cmpnd Cqmposition Encapsulation Zég:e PDI Num Ave Expt.
No. ratio (mol %) (%) Size (nm)
(nm)

35 50/10/38.5/1.5 99% 81.51 | 0.068 62.82 8
74 50/10/38.5/1.5 99% 92.14 | 0.024 74.58 8
44 50/10/38.5/1.5 99% 1043 | 0.034 85.76 8
70 50/10/38.5/1.5 99% 1242 | 0.018 102 8
49 50/9/38/3 98 87 0.04 70 9
50 50/10/38.5/1.5 97 98 0.04 78 9
90 50/10/38.5/1.5 98 99 0.02 81 9
89 50/10/38.5/1.5 98 88 0.01 73 9
100 50/10/38.5/1.5 99 102 0.05 83 9
105 50/10/38.5/1.5 99 80 0.02 64 9
106 50/10/38.5/1.5 99 91 0.01 74 9
107 50/10/38.5/1.5 98 89 0.03 72 9
108 50/10/38.5/1.5 99 89 0.03 73 9
49 50/9/38/3 0.98 90 0.04 75 10
34 50/10/38.5/1.5 0.98 95 0.03 77 10
91 50/10/38.5/1.5 0.98 97 0.01 82 10
92 50/10/38.5/1.5 0.98 67 0.06 51 10
93 50/10/38.5/1.5 0.98 103 0.01 86 10
94 50/10/38.5/1.5 0.98 70 0.06 53 10
95 50/10/38.5/1.5 0.98 105 0.01 88 10
51 50/10/38.5/1.5 0.98 98 0.02 82 10
96 50/10/38.5/1.5 0.98 89 0.03 73 10
97 50/10/38.5/1.5 0.98 92 0.03 75 10

Table 9 shows editing percentages in mouse liver as measured by NGS.

Table 9. Editing efficiency in mouse liver, providing % indel formation for G502

experiments and serum TTR levels.

Editing Serum TTR
0
Cﬁgﬁd (]31‘;813) . di/t‘;ng sD | N Se("l‘;g}nER SD | N | %TSS | Expt.
TSS n/a 01 | 000 | 5] 107677 | 36843 |5 | 10000 | 1
49 01 3758 | 1065 | 5| 50107 | 107205 | 4653 | 1
1 01 2882 | 924 | 5| 52207 | 212605 ]| 4849 | 1
34 0.1 6495 | 474 | 5| 10104 | 4514 | 5] 938 | 1
52 01 6014 | 8.13 | 5| 18642 | 9264 | 5] 1731 | 1
53 01 6150 | 489 | 5| 15043 | 5366 | 5] 13.97 | 1
54 01 5722 | 581 | 5| 19728 | 9055 | 5] 1832 | 1
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Editing Serum TTR
0
Cﬁgﬁd (]31‘;813) . di/t‘;ng sD | N Se("l‘;g}nER SD | N | %TSS | Expt.
55 0.1 1586 | 712 | 5| 78374 | 9462 | 5| 7279 | 1
56 01 1694 | 241 | 5| 75053 | 9488 |5 69.70 | 1
57 01 5076 | 1163 | 5| 26464 | 112655 | 2458 | 1
59 01 1028 | 663 | 5| 86893 | 145855 80.70 | 1
60 0.1 2388 | 1250 | 5| 65152 | 199205 | 6051 | 1
61 01 040 | 117 | 5| 87731 | 9363 | 5| 8148 | 1
62 01 2374 | 969 | 5| 62337 | 138655 5780 | 1
63 01 653 | 241 | 5| 90296 | 9613 | 5| 83.86 | 1
64 0.1 584 | 1.04 | 5| 91942 | 9082 | 5] 8539 | 1
TSS n/a 024 | 005 | 5| 123225 |25996]5 |10000| 2
49 0.03 65 | 039 | 5| 112834 |19752]5] 9156 | 2
4 0.03 86 | 1.00 | 5| 900690 |20161]5] 73.00 | 2
45 0.03 516 | 138 | 5| 96593 | 156295 | 7839 | 2
67 0.03 504 | 163 | 5| 806 |21939 5| 6541 | 2
63 0.03 648 | 005 | 5| 84504 |259965 | 6858 | 2
TSS n/a 018 | 004 | 5| 116107 |31128 5 | 10000 3
49 0.03 502 | 230 | 5| 960376 | 12968 | 5| 8271 | 3
49 0.1 3066 | 1027 | 5| 54437 | 18372 | 5| 4689 | 3
50 003 | 3754 | 2451|5| 52843 | 165525 4551 | 3
50 01 6556 | 359 | 5| 16042 | 4432 | 5| 1382 | 3
51 0.03 388 | 508 | 5| 447172 | 4470 | 5| 3851 | 3
51 0.1 6562 | 490 | 5| 108258 | 4936 |5]| 932 | 3
72 003 | 2772 | 1069 | 5| 777 | 191775 ] 6692 | 3
72 01 5306 | 834 | 5| 306856 | 3910 | 5| 2643 | 3
76 003 | 2732 | 1464 | 5| 93950 |171.63 5] 6972 | 3
76 0.1 63.08 | 607 | 5| 148554 | 6725 |5 1279 | 3
TSS n/a 024 | 005 | 5| 69045 | 8484 |5 100% | 4
49 003 | 2878 | 967 | 5| 46417 | 7474 | 5| 67% | 4
49 01 5682 | 470 | 5| 15453 | 6030 | 5| 22% | 4
7 003 | 3823 | 1385 |4 | 39792 | 5245 | 4| 58% | 4
7 0.1 6672 | 563 | 5| 6659 | 4544 | 5| 10% | 4
69 003 | 3668 | 647 | 5| 37088 | 6944 | 5| 54% | 4
69 01 6738 | 5.13 | 4| 85903 | 2744 | 4| 12% | 4
40 003 | 3453 | 548 | 4| 52070 |12879|4 | 77% | 4
40 0.1 6944 | 212 | 5| 6465 | 2193 |5]| 9% 4
73 003 | 5732 | 729 | 5| 17378 | 8114 | 5| 25% | 4
73 01 7076 | 2.03 | 5| 3062 | 1497 | 5| 4% 4
39 003 | 4474 | 1444 | 5| 28624 | 100555 | 41% | 4
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Editing Serum TTR
0
Cﬁgﬁd (]31‘;813) . di/t‘;ng sD | N Se("l‘;g}nER SD | N | %TSS | Expt.
39 0.1 6666 | 444 | 5| 3985 | 2049 | 5| 6% 4
TSS n/a 016 | 005 | 5| 80930 |14545]5| 100 | 5
49 003 | 1698 | 1077 |5 | 59200 |15058|5]| 731 | 5
49 01 4032 | 11315 | 37970 | 10618 |5 469 | 5
77 0.03 518 | 079 | 5| 55280 | 8436 | 5| 683 | 5
77 01 1036 | 3.05 | 5| 65220 |17950]5| 806 | 5
78 0.03 7 | 204 | 5| 80750 | 9721 | 5] 998 | s
78 01 242 | 713 | 5| 53790 | 7496 | 5| 665 | 5
79 0.03 058 | 019 | 5| 70350 |19581 5| 869 | 5
79 01 334 | 151 | 5| 81220 |20380 5| 1004 | 5
84 003 | 1124 | 337 | 5| 64970 |161.07|5]| 803 | 5
84 01 1886 | 921 | 5| 59210 | 9842 | 5| 732 | 5
50 003 | 2392 | 3.08 | 5| 56770 |20213|5] 701 | 5
50 0.1 496 | 1463 | 5| 24190 |10488|5| 290 | 5
TSS n/a 01 | 007 | 5| 96434 |17938]5 |10000]| 6
49 0.03 328 | 105 | 5] 96991 | 131915 |10057| 6
49 01 2688 | 684 | 5| 60923 | 222395 6317 | 6
34 003 | 1966 | 387 | 5| 82073 |19633|5] 8510 | 6
34 01 5082 | 243 | 5| 30674 | 8407 | 5] 3180 | 6
86 0.03 962 | 542 | 5| 897846 | 16696 5| 93.10 | 6
86 01 507 | 645 | 5| 27769 | 3844 | 5| 2880 | 6
99 0.03 102 | 430 | 5| 891268 |22852|5] 9242 | 6
99 01 3702 | 654 | 5| 413382 | 113.60 |5 | 4287 | 6
103 003 | 2016 | 723 | 5| 69658 |103.62|5 ]| 7223 | 6
103 01 5108 | 753 | 5| 280.156 | 10656 |5 ] 2905 | 6
87 003 | 1608 | 423 | 5| 77357 | 157565 ] 8021 | 6
87 01 5178 | 651 | 5| 321386 | 8550 | 5] 3333 | 6
83 003 | 2066 | 933 | 5| 72387 | 105485 7506 | 6
88 01 5732 | 741 | 5| 322566 |132.08|5] 3345 | 6
TSS n/a 016 | 005 | 5| 164815 |261.09|5| 100 | 7
49 003 | 408 | 133 | 5| 145999 | 292225 | 88.584 | 7
49 01 275 | 8.04 | 5| 86090 |343.62 5 |52234| 7
66 003 | 2764 | 825 | 5| 90124 |30733 |5 | 540682 7
66 0.1 5526 | 408 | 5| 32425 |11530 5] 19674| 7
36 0.03 906 | 082 | 5| 124904 | 11528 |5 | 75785 | 7
36 01 3502 | 278 | 5| 72228 | 8581 | 5| 43824 | 7
75 003 | 296 | 695 | 5| 74329 | 5871 |5 | 45098 | 7
75 0.1 5722 | 758 | 5| 19772 | 9945 | 5] 11.99 | 7
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Editing Serum TTR
0
Cﬁgﬁd (]31‘;813) . di/t‘;ng SD | N Se("l‘;g}nER SD | N | %TSS | Expt
45 003 | 311 | 496 | 5| 71587 | 9741 |5 |43435| 7
45 01 603 | 680 | 5| 16630 | 5594 | 5| 1009 | 7
7 003 | 2004 | 755 | 5| 78163 | 115045 |47425| 7
7 01 | 5578 | 210 | 5| 24813 | 55904 | 5| 15055 | 7
TSS na 01 | 000 | 5| 74833 |13095]5 10000 8
49 003 | 762 | 650 | 5| 73541 | 8384 |5 ]| 9827 | 8
49 01 | 3746 | 417 | 5| 36943 | 4554 | 5| 4937 | 8
9 003 | 084 | 046 | 5| 85325 |10787|5|11402| 8
9 01 346 | 109 | 5| 77222 | 172175 | 10319 8
65 0.03 132 | 031 | 5| 89677 | 143425 |11984| 8
65 01 1012 | 968 | 5| 74252 | 15170 | 5] 9922 | 8
35 003 | 446 | 070 | 5| 78047 | 7420 |5 |10430| 8
35 01 1704 | 499 | 5| 74182 | 7987 | 5] 9913 | 8
74 003 | 436 | 125 | 5| 75238 |12029|5 | 10054 8
74 01 1112 | 163 | 5| 82358 |12635]5 | 11006] 8
44 003 | 476 | 110 | 5| 89776 | 5174 |5 | 11907 8
44 01 1707 | 730 | 5| 58060 | 5234 | 5] 7879 | 8
70 003 | 484 | 177 | 5| 94508 | 8130 |5 |12629| 8
70 01 804 | 117 | 5| 65470 | 9842 | 5| 8749 | 8
TSS na 01 | 000 | 5| 96450 |15471|5| 100 | 9
49 003 | 2054 | 1251|5]| 67731 |19476 5| 7022 | ©
50 003 | 2174 | 862 | 5| 68770 |21846|5| 713 | 9
90 003 | 2602 | 564 | 5| 57826 | 188445 5995 | 9
89 003 | 3102 | 276 | 5| 46927 | 6353 | 5| 4865 | 9
100 003 | 313 | 603 | 5| 45019 | 4705 | 5| 4668 | 9
105 003 | 3386 | 875 | 5| 46270 | 120855 | 4797 | ©
106 003 | 1158 | 360 | 5| 79541 | 161675 | 8247 | ©
106 0.03 198 | 116 | 5| 85549 |15834|5| 887 | 0
107 003 | 2698 | 462 | 5| 56455 |10279|5 ]| 5853 | ©
108 0.03 27 | 404 | 5| 55080 |10292|5| 5712 | ©
TSS na 014 | 005 | 5| 76776 | 9815 | 5| 100% | 10
49 003 | 1033 | 215 | 4| 7042 | 126264 | 92% | 10
34 003 | 3744 | 107 | 5| 41907 | 1331 |5 55% | 10
o1 003 | 227 | 677 | 5| 68126 | 636 |5| 8% | 10
92 003 | 238 | 079 | 5| 92339 |22676|5 | 120% | 10
03 003 | 1268 | 194 | 5| 76538 | 9514 |5 | 100% | 10
94 0.03 182 | 129 | 5| 83822 | 1103 | 5| 109% | 10
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Editing Serum TTR
0
Cﬁgﬁd (]31%813) . di/t‘;ng sD | N Se("l‘;g}nER SD | N | %TSS | Expt.
95 003 | 3796 | 1354 | 5| 58977 |283.04|5]| 77% | 10
51 003 | 3086 | 436 | 5| 61984 | 114915 81% | 10
% 003 | 2804 | 367 | 5| 54039 | 120 |5 70% | 10
97 003 | 2826 | 388 | 5| 60303 |17726|5]| 79% | 10

Example 120. Editing efficacy and tolerability of lipids in vivo

To assess lipid efficacy, dose response experiments were performed in vivo. Cas9 mRNA
of Example 115 was formulated asLNPs with agRNA targeting TTR (G00534; SEQ ID
NO: 5). These LNPs were formulated, prepared and analyzed as described in Example 115
using a 1.2 w/w ratio of asgRNA and Cas9 mRNA. Composition analysis for these LNPs
are described in Table 10.

Table 10. Composition analytics

mpoun . En lation Z-A m A
C(I)\Iult)l?‘tl)lerd Composition CaI()"S/:Jl) e Size (:Ilil) PDI Igil;e (mg

49 50/9/38/3 97 87.84 0.028 69.85

34 50/10/38.5/1.5 93 96.43 0.052 76.08

45 50/10/38.5/1.5 95 101.00 0.052 83.48

50 50/10/38.5/1.5 87 98.55 0.050 79.18

For efficacy, Sprague Dawley female rats were dosed i.v. a 0.1 mpk or 0.03 mpk. 6-7 days
post dose, rats were euthanized by C02 asphyxiation. Blood was collected into serum
separator tubes. Liver biopsy processed for gDNA and assessed for editing by NGS
methods described in Example 115. Results are shown in Table 11and Figs. 12A and 12B.
For tolerability, Sprague Dawley female rats were dosed at 6mpk and 24 hours post dose
the animals were euthanized by C02 asphyxiation. Blood was collected into serum
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separator tubes and sent to an external CRO for quantitation of liver enzymes via aliver

enzyme panel. Results are shown in Table 12.

Table 11. Editing efficiency in rat, providing % indel formation for G534 experiments and

serum TTR levels.

Editing Serum TTR
Serum )
Cmpnd Dose % Guides
o SD | N TTR SD N | %TSS Expt.
No. (mpk) | Editing (ug/ml) (gRNA)
TSS 0.1 000 | 5 8453 7069 | 5| 100% G534 1
49 0.03 476 149 | 5 790.9 8294 | 5| 94% G534 1
49 0.1 2562 | 1418 | 5 669.5 18113 | 5| 79% G534 1
34 0.03 2122 654 | 5 5142 | 11936 | 5| 61% G534 1
34 0.1 539 717 | 5 1889 | 11267 | 5| 22% G534 1
45 0.03 10.76 880 | 5 9104 73.77 | 5| 110% G534 1
45 0.1 48.16 290 | 5] 2707 [ 10971 | 5| 32% G534 1
50 0.03 26.9 904 | 5 581.7 76.89 | 5| 69% G534 1
50 0.1 62.6 1.04 | 5 116.6 2478 | 3 14% G534 1
Table 12. Results of liver enzyme panel of rat liver
Cmpnd | Dose | ALT | AST Cljiena;ge GGT | ALP Bgiiiaéin
No. (mg/kg) (U/L) (U/L) (U/L) (U/L) (U/L) (me/dL)
TSS 47 72 1322 0 3184 0.1
49 6 408.5 534.8 157.5 2 7843 0.6
34 6 179.6 349.6 184.8 34 542 0.2
45 6 163.2 681 1103 2.4 4398 0.3
50 6 250.8 820.8 272 11 508.6 04

Example 121 - In vitro editing with R3 alkyl series compounds

A series of compounds based on Compound 46 that vary by the inclusion of a c4-12 alkyl at

the R3 position of Formula (1A) (asillustrated in Fig. 13A) were tested for in vitro editing.

The human hepatocellular carcinoma cell line HUH7 (Japanese Collection of Research

Bioresources Cell Bank, Cat. JCRB0403) was cultured in DMEM media supplemented with

10% fetal bovine serum and 1% Penicillin-Streptomycin.
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20,000 cells/well in a 96-well plate 24 hours prior to transfection (-80% confluent at time
of transfection). The LNPs were formulated at a 1:2 w/w ratio of sgRNA and Cas9 mRNA
using the cross flow procedure with lipid molar compositions as described in Table 13 a an
N/P ratio of 6.0. LNP compositions were analyzed for average particle size, polydispersity
(pdi), total RNA content and encapsulation efficiency of RNA as described in Example
115. Analysis of average particle size, polydispersity (PDI), total RNA content and
encapsulation efficiency of RNA are shown in Table 13. LNPs were diluted into media,
incubated for 5 minutes at 37C and pipetted onto cells at a dose of 2000 ng RNA per well.
Each condition was assayed in biological duplicate. Cells were harvested post-transfection
a 6 hours. Genomic DNA was extracted using 50 pL/well Buccal Amp DNA Extraction
solution (Epicentre, Cat. QE09050) according to manufacturer's protocol. All DNA
samples were subjected to PCR and subsequent NGS analysis for editing at the GO00502
target locus, as described above. Asshown in Table 14 and Fig. 13B, al compounds tested

were efficacious for in vitro editing.

Table 13 - Composition Analytics

Cmpnd Cqmposition Z-Ave Size PDI I:E:rl:;; %F
No. ratio (mol %) [nm]
[nm]
49 50/9/38/3 93.14 0.015 74.82 98
34 50/10/38.5/1.5 93.01 0.009 75.88 97
46 50/10/38.5/1.5 94.54 0.003 76.76 99
51 50/10/38.5/1.5 97.21 0.009 80 98
76 50/10/38.5/1.5 98.79 0.024 81.12 97
50 50/10/38.5/1.5 102.8 0.021 84.16 97
72 50/10/38.5/1.5 111.4 0.018 91.47 94
85 50/10/38.5/1.5 117.1 0.045 93.05 96
Table 14 - Invitro editing

Cmpnd No. Editing SD

49 22.6 0.8

34 49.0 2.5

46 63.7 6.4

51 69.0 9.7

76 61.2 9.9

50 64.3 5.6

72 65.8 7.3

85 66.4 0.4
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SEQUENCE TABLE
Description Sequence SEQ
ID No.
G00282 mU*mU*mA*CAGCCACGUCUACAGCAGUUUUAGAMGmMCmUmAmMm
sgRNA targeting | GmMAMAMAMUMAMGmMCAAGUUAAAAUAAGGCUAGUCCGUUAUC | 1
mouse TTR AmMAMCmUmUmGmMAMAMAMAMAMGMUmMGmMGmMCmAMCmCm
GmAMGMUMCmGMGMUmGmMCmU*mU*mU*mU
G00650 mG*mA*mC*AAGCACCAGAAAGACCAGUUUUAGAMGMCmUmAm
sgRNA targeting | GMAMAMAMUMAMGmMCAAGUUAAAAUAAGGCUAGUCCGUUAUC | 2
human B2ZM AmMAMCmUmUmGmMAMAMAMAMAMGMUmMGmMGmMCmAMCmCm
GmAMGMUMCmGMGMUmGmMCmU*mU*mU*mU
mRNA encoding | GGGUCCCGCAGUCGGCGUCCAGCGGCUCUGCUUGUUCGUGUGUGU
Cas9 GUCGUUGCAGGCCUUAUUCGGAUCCGCCACCAUGGACAAGAAGUA | 3

CAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGAUGGGCAGU
CAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCU
GGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGC
ACUGCUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAA
GAGAACAGCAAGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUG
CUACCUGCAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGA
CAGCUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGA
CAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGACGA
AGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCUGAGAAA
GAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUCUA
CCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAU
CGAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUU
CAUCCAGCUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCC
GAUCAACGCAAGCGGAGUCGACGCAAAGGCAAUCCUGAGCGCAAG
ACUGAGCAAGAGCAGAAGACUGGAAAACCUGAUCGCACAGCUGCC
GGGAGAAAAGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAG
CCUGGGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACCU
GGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUU
CCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAU

316




WO 2020/118041 PCT/US2019/064663
Description Sequence SEQ
ID No.

CCUGAGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAG
CAUGAUCAAGAGAUACGACGAACACCACCAGGACCUGACACUGCU
GAAGGCACUGGUCAGACAGCAGCUGCCGGAAAAGUACAAGGAAAU
CUUCUUCGACCAGAGCAAGAACGGAUACGCAGGAUACAUCGACGG
AGGAGCAAGCCAGGAAGAAUUCUACAAGUUCAUCAAGCCGAUCCU
GGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAG
AGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAU
CCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAU
CGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCU
GGCAAGAGGAAACAGCAGAUUCGCAUGGAUGACAAGAAAGAGCGA
AGAAACAAUCACACCGUGGAACUUCGAAGAAGUCGUCGACAAGGG
AGCAAGCGCACAGAGCUUCAUCGAAAGAAUGACAAACUUCGACAA
GAACCUGCCGAACGAAAAGGUCCUGCCGAAGCACAGCCUGCUGUA
CGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAGUACGU
CACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAA
GAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCAC
AGUCAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUU
CGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAG
CCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGGACAAGGA
CUUCCUGGACAACGAAGAAAACGAAGACAUCCUGGAAGACAUCGU
CCUGACACUGACACUGUUCGAAGACAGAGAAAUGAUCGAAGAAAG
ACUGAAGACAUACGCACACCUGUUCGACGACAAGGUCAUGAAGCA
GCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGAAA
GCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCU
GGACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCA
GCUGAUCCACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAA
GGCACAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAGAC
AGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAGACACAA
GCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAAACCAGACAAC
ACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGAAUCGA
AGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCC
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Description Sequence SEQ
ID No.

GGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUA
CCUGCAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAU
CAACAGACUGAGCGACUACGACGUCGACCACAUCGUCCCGCAGAGC
UUCCUGAAGGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGC
GACAAGAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUC
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAAG
CUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAGAGAGA
GGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGACAG
CUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUC
AGAGAAGUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGAC
UUCAGAAAGGACUUCCAGUUCUACAAGGUCAGAGAAAUCAACAAC
UACCACCACGCACACGACGCAUACCUGAACGCAGUCGUCGGAACAG
CACUGAUCAAGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACG
GAGACUACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGCA
ACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGAG
AAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAG
AAAUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGG
UCCUGAGCAUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCC
AGACAGGAGGAUUCAGCAAGGAAAGCAUCCUGCCGAAGAGAAACA
GCGACAAGCUGAUCGCAAGAAAGAAGGACUGGGACCCGAAGAAGU
ACGGAGGAUUCGACAGCCCGACAGUCGCAUACAGCGUCCUGGUCG
UCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCA
AGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAA
AGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAAC
UGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGC
AGAAGGGAAACGAACUGGCACUGCCGAGCAAGUACGUCAACUUCC
UGUACCUGGCAAGCCACUACGAAAAGCUGAAGGGAAGCCCGGAAG
ACAACGAACAGAAGCAGCUGUUCGUCGAACAGCACAAGCACUACC
UGGACGAAAUCAUCGAACAGAUCAGCGAAUUCAGCAAGAGAGUCA
UCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCAUACAACA
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Description

Sequence

SEQ
ID No.

AGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCC
ACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGU
ACUUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGG
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGACUGU
ACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGACGGAGGAG
GAAGCCCGAAGAAGAAGAGAAAGGUCUAGCUAGCCAUCACAUUUA
AAAGCAUCUCAGCCUACCAUGAGAAUAAGAGAAAGAAAAUGAAGA
UCAAUAGCUUAUUCAUCUCUUUUUCUUUUUCGUUGGUGUAAAGC
CAACACCCUGUCUAAAAAACAUAAAUUUCUUUAAUCAUUUUGCC
UCUUUUCUCUGUGCUUCAAUUAAUAAAAAAUGGAAAGAACCUCG
AGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAUCUAG

G000502
sgRNA targeting

mouse TTR

mA*mC*mA*CAAAUACCAGUCCAGCGGUUUUAGAMGMCmUmMAm
GmMAMAMAMUMAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUC
AmMAMCmUmUmGmMAMAMAMAMAMGMUmMGmMGmMCmAMCmCm
GmAMGMUMCmGMGMUmGmMCmU*mU*mU*mU

G000534 sgRNA
targeting rat TTR

mMA*mC*mG*CAAAUAUCAGUCCAGCGGUUUUAGAMGMCmUmMAmM
GMAMAMAMUMAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUC
AmMAMCMUMUMGMAMAMAMAMAMGMUMGMGMCmMAmMCmCm

GMAMGMUMCMGMGMUMGMCmU*mU*mU*mU

2'-0-methyl modifications and phosphorothioate linkages as represented below (m =2’.

OMe; * = phosphorothioate).
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What isclamed is:

1. A compound of Formula IA;

Y1_Y2_R4
O)\/\/\/\/

wherein, independently for each occurrence,

B

X 1is Ci-3 akylene or %

X2jssdected from O, NH, NMe, and a bond,

(TA)

2

X3is c2-4 akylene,

X4is Ci akylene or abond,

X®%is Ci akylene or abond,

R1lis Ci-3 akyl,

R2is Ci-3 akyl, or

R2taken together with the nitrogen atom and either R1or a carbon atom of X3form a4-
membered, 5-membered, or 6-membered ring,

Y lissdected from abond, -CH=CH-, -(C=0)0-, and -0(C=0)-,

Y2issdected from -CH2-CH=CH-  and C3-C4 alkylene,

R3issdected from H, c5-7 cycloakyl, Cs-Cio akenyl, and c3-18 akyl,

R4is c4-8 akyl,

or a salt thereof,

with aproviso that when R2isMe, R3islinear c12 akyl, X1lisc2akylene, X2isO, X3is

c3akylene, X4isabond, X®isCi akylene, Y liscis-CH=CH-, and -Y % R#4iscis

-CH2-CH=CH-(C5-akyl), then Rlisc2-3 alkyl.
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2. The compound of clam 1, wherein the compound isa compound of Formula I:

O

3 1

|
oy gs R
| 0

4 5 1
X \( X \O)l\/\/\/\/Y\/=\ R
@

1
OW/Y\F\ R

wherein, independently for each occurrence,

M

X1liscz-3 akylene,

X2issdected from O, NH, NMe, and abond,

X3iscz2-4 akylene,

X4is Ci akylene or abond,

X3is Ci akylene or abond,

R1isCi-2 akyl,

R2is Ci-2 akyl, or

R2 taken together with the nitrogen atom and either R1or a carbon atom of X3 form a 5-
membered or a 6-membered ring,

Y lisselected from -CH=CH-, -(C=0)0-, and -0(C=0)-,

R3isselected from H, c5-7 cycloakyl, and c3-18 akyl,

R4is c4-7 akyl,

or a salt thereof,

with aproviso that when R2isMe, R3islinear c12 akyl, X1lisc2akylene, X2isO, X3is

c3akylene, X4isabond, X>isCi akylene, Yliscis-CH=CH-, and R*isCs akyl, then R1

isc2akyl.

3. The compound of claim 1or 2, wherein the compound is enantiomerically enriched

or diastereomerically enriched.

4. The compound of any one of the preceding claims, wherein X 1is c2akylene.
5. The compound of claim 1, wherein X1is Ci akylene.
6. The compound of any one of claims 1-3, wherein Xlislinear c3alkylene.
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7. The compound
8. The compound
9. The compound

10. The compound

11. The compound

12. The compound

13. The compound

14. The compound

of any one of claims

PCT/US2019/064663

1-3, wherein X lisbranched Cs akylene.

of any one of the preceding claims, wherein X2isNH.

of any one of claims

of any one of claims

of any one of claims

1-7, wherein X2isO.

1-7, wherein X2 isNMe.

1-7, wherein X2 is abond.

of any one of the preceding claims, wherein X3is c2-3 akylene.

of any one of claims

1-11, wherein X3isc3-4 alkylene.

of any one of the preceding claims, wherein R2 and a carbon atom of

X3taken together form a4-membered ring.

15. The compound of any one of claims 1-13, wherein R2 and acarbon atom of X3

taken together form a 5-membered ring.

16. The compound of any one of the claims 1-13, wherein R2 and acarbon atom of X3

taken together form a 6-membered

17 The compound

18. The compound

19. The compound

membered ring.

20. The compound

membered ring.

21. The compound

membered ring.

22, The compound

23. The compound

ring.

of any one of claims

of any one of claims

of any one of claims

of any one of claims

of any one of claims

of any one of claims

of any one of claims

1-15, wherein R2is Ci alkyl.

1-16 wherein R2is C2alkyl.

1-13, wherein R1and R2together form a4-

1-13, wherein R1and R2together form a 5-

1-13, wherein R1and R2together form a 6-

1-18, wherein R1lis Ci alkyl.

1-18, wherein Rlisc2alkyl.
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24, The compound of any one of the preceding claims,

25, The compound of any one of the preceding claims,

26. The compound of any one of the preceding claims,

27. The compound of any one of claims 1-23, wherein

28. The compound of any one of claims 1-23, wherein

29. The compound of any one of claims 1-23, wherein

PCT/US2019/064663

wherein R3islinear Cg-ig akyl.
wherein R3islinear c712 alkyl.
wherein R3islinear c79 akyl.
R3islinear c3e alkyl.
R3isbranched c6-10 akyl.

R3iscs7 cycloakyl.

30. The compound of claim 29, wherein R3is Cg cycloalkyl.

31. The compound of any one of claims 1-23, wherein

32. The compound of any one of claims 1-23, wherein

33. The compound of any one of the preceding claims,

34. The compound of any one of the preceding claims,

35. The compound of any one of the preceding claims,

36. The compound of any one of the preceding claims,

compound of Formula (IA); and Y 2- R4is-CH2-CH=CH-R

37. The compound of any one of claims 1-35, wherein

Formula (IA); and YZ2islinear ¢ 3 akylene.

38. The compound of any one of the preceding claims,

bond, -CH=CH-, and -0(C=0)-.

39. The compound of any one of the preceding claims,

CH=CH- and -0(C=0)-.
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R3is Cs-io akenyl.

R3isH.

wherein R4islinear css alkyl.
wherein X4 is abond.

wherein X°isaCi alkylene.

wherein the compound isa

4-

the compound isacompound of

wherein Y lissdected from a

wherein Y lis sdected from -
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40. The compound of claim 1, wherein the compound is a compound of Formula I1:

O
WNY1—Y2—R4
O (ID).
41. The compound of claim 1, wherein the compound is a compound of Formula IIT;
X
X3, R
0O 07 X2 \l}l/
)l\ J\ R2

O
OWNW an,

42, The compound of claim 1, wherein the compound is selected from:
o)
/\N/\/\OJ\ o
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43. The compound of claim 1, wherein the compound is selected from:

0]
/\N/V\ )‘J\o

Iz

/N\/\N)J\o
H
0 0]
O\(\OJ\/\/\/\/W
(o]

“

352



WO 2020/118041 PCT/US2019/064663

353



PCT/US2019/064663

WO 2020/118041

~

, and

354



WO 2020/118041 PCT/US2019/064663

( o)
J\o

/N\/\N
H

or a salt thereof.

45. The compound of claim 1, wherein the compound is selected from
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46.  The compound of claim 1, wherein the compound is selected from
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0O

@ /\/\OJ\O

or a salt thereof.

47. The compound of any one of claims 1-46, wherein the salt is a pharmaceutically
acceptable salt.

48. The compound of any one of the preceding claims, wherein the pKa of the

protonated form of the compound isfrom about 5.1 to about 8.0.

49. The compound of any one of the preceding claims, wherein the pKa of the

protonated form of the compound isfrom about 5.6 to about 7.2.

50. The compound of any one of the preceding claims, wherein the pKa of the

compound isfrom about 5.7 to about 6.5.

51. A composition comprising a compound of any one of the preceding claims in alipid

component.

52. The composition of claim 51, wherein the lipid component includes about 50% by

weight of the compound of any one of claims 1-50.

53. The composition of clam 51 or 52, wherein the composition isan LNP

composition.

54. The composition of any one of claims 51-53, wherein the lipid component

comprises ahelper lipid and aPEG lipid.

55. The composition of any one of claims 51-54, wherein the lipid component

comprises ahelper lipid, a PEG lipid, and a neutral lipid.
56. The composition of any one of claims 51-55, further comprising a cryoprotectant.

57. The composition of any one of claims 51-56, further comprising abuffer.
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58. The composition of any one of claims 51-57, wherein the composition further

comprises an agueous component comprising abiologically active agent.

59. The composition of claim 58, wherein the biologically active agent comprises a

polypeptide.

60. The composition of claim 58, wherein the biologically active agent comprises a

nucleic acid.
61. The composition of claim 60, wherein the nucleic acid comprises RNA.

62. The composition of claim 60 or 61, wherein the composition has an N/P ratio of
about 3-10.

63. The composition of claim 62, wherein the N/P ratio isabout 6+ 1.

64. The composition of claim 62, wherein the N/P ratio is about 6 + 0.5.

65. The composition of claim 62, wherein the N/P ratio is about 6.

66. The composition of any one of claims 51-65, comprising an RNA component,

wherein the RNA component comprises an mRNA.

67. The composition of claim 66, wherein the RNA component comprises a sequence

encoding RNA-guided DNA binding agent, such as a Cas nuclease mRNA.

68. The composition of claim 66 or 67, wherein the RNA component comprises a Class

2 Cas nuclease mRNA.

69. The composition of any one of claims 66-68, wherein the RNA component

comprises a Cas9 nuclease mRNA.

70. The composition of any one of claims 66-69, wherein the RNA component

comprises amodified RNA.

71. The composition of any one of claims 66-70, wherein the RNA component

comprises agRNA nucleic acid.

72. The composition of claim 71, wherein the gRNA nucleic acidisagRNA.
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73. The composition of any one of claims 66-72, wherein the RNA component

comprises a Class 2 Cas nuclease mRNA and agRNA.

74. The composition of any one of claims 71-73, wherein the gRNA nucleic acid isor
encodes adual-guide RNA (dgRNA).

75. The composition of any one of claims 71-73, wherein the gRNA nucleic acid isor

encodes a single-guide RNA (sgRNA).

76. The composition of any one of claims 71-75, wherein the gRNA isamodified
gRNA.

77. The composition of claim 76, wherein the modified gRNA comprises a modification

a one or more of the first five nucleotides at a5’ end.

78. The composition of claims 76 or 77, wherein the modified gRNA comprises a

modification at one or more of the last five nucleotides a a3’ end.

79. The composition of any one of claims 58-78, further comprising at least one

template nucleic acid.

80. A method of gene editing, comprising contacting a cell with a composition of any

one of claims 51-79.

8l. A method of cleaving aDNA, comprising contacting a cell with a composition of

any one of claims 51-80.

82. The method of claim 81, wherein the contacting step results in a single stranded
DNA nick.

83. The method of claim 81, wherein the contacting step results in a double-stranded
DNA break.

84. The method of claim 81, wherein the composition comprises a Class 2 Cas mRNA

and agRNA nucleic acid.

85. The method of claim 80 or 84, further comprising introducing at least one template

nucleic acid into the cell.
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86. The method of claim 85, comprising contacting the cell with a composition

comprising atemplate nucleic acid.

87. The method of any one of claims 80-86, wherein the method comprises

administering the composition to an animal.

88. The method of any one of claims 80-86, wherein the method comprises

administering the composition to a human.

89. The method of any one of claims 80-86, wherein the method comprises

administering the composition to acell.

90. The method of claim 89, wherein the cell is aeukaryotic cell.

91. The method of claim 80, wherein the method comprises administering mRNA
formulated in afirst LNP composition and a second LNP composition comprising one or

more of an MRNA, agRNA, agRNA nucleic acid, and atemplate nucleic acid.

92. The method of claim 91, wherein the first and second LNP compositions are

administered simultaneously.

93. The method of claim 91, wherein the first and second LNP compositions are

administered sequentially.

%A, The method of claim 91, wherein the method comprises administering the mRNA

and the gRNA nucleic acid formulated in a single LNP composition.

95. The method of any one of claims 80-94, wherein the gene editing results in agene

knockout.

96. The method of any one of claims 80-94, wherein the gene editing results in agene

correction.
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