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NANOMATERIALS

RELATED APPLICATION INFORMATION
{0001} This apphcation clamms priority to US. Provisional Application Ne.
62/958,876, filed January 9, 2020, which is hereby incorporated herein by reference in 1is

entirety.

BACKGROUND
Field

[6002] The present application relates to the fields of chemustry, hiology, and
medicine. Disclosed herein are drug delivery systems and methods of their use. More
particularly, disclosed herein are nanoparticle compositions for delivery of nucleic acids to

cells.

Description

[6003] Hepatocytes help mamtain homeostasis and produce many secreted
proteins and, thus, are implicated in many genetic diseases. While nanoparticles carrying
RNA have been directed to hepatocytes, systemic delivery to hepatocytes without targeting

ligands remamns challenging,

SUMMARY
[0004] Sorne embodiments described herein relate to a compound of Formula (T}
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[H005] wherein:

[6006] R} 18 Co-Cap alkyl or Co-Cop alkenyl with 1-3 units of unsaturation;
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(80071 X' and X? are each independently absent or selected from —0—, NR?- and

(PHer
X' wherein each R? is independently hydrogen or C1-Cs alkyl;

[B8008] each a 13 independently an integer between 1 and 6;

[8009] X’ and X* are each independently absent or selected from the group
consisting of 4- to &membered heterocyclyl optionally substituted with 1 or 2 C1-Ce alkyl
groups, 5- to 6-membered hetercaryl optionally substituted with 1 or 2 C1-Cs alkyl groups, 5-
to 6-membered aryl optionally substituted with 1 or 2 C1-Cs alkyl groups, 4- to 7-membered

eycloalkyl optionally substituted with 1 or 2 Ci-Cs alkyl groups, ~O— and ~NR’~, wherein

each R® is a hydrogen atom or C1-Cs alkyl and wherein X'-32-X°-X* does not contain any
oxygen-oxygen, oxygen-nitrogen or nitrogen-nitrogen bonds;

[6019] X is ~(CHo e, wherein b is an integer between 0 and 6;

[8011] X® is hydrogen, Ci-Cs alkyl, 5- to 6-membered heteroaryl optionally
substituted with 1 or 2 C1-Cs alkyl groups, or —-NR*R®, wherein R* and R® are each
independently hydragen or C:i-Ce alkyl; or alternatively R* and R® join together with the
niirogen to which they are bound to form a 4- to 7-membered heterocyclyl optionally
substituted with 1 or 2 C1-Cs alkyl groups, wherein the heterocyclyl optionally includes an
additional heteroatom selected from oxygen, sulfur, and nitrogen;

[0012] each X7 is independently hydrogen, hydroxyl or -NR®R’, wherein R® and
R’ are each independently hydrogen or C1-Cs alkyl; or alternatively R® and R” join together
with the witrogen to which they are bound to form a 4- to 7-membered heterocycelyi
optionally substituted with 1 or 2 C1-Cs alkyl groups, wherein the heterocyclyl optionally
mncludes an additional hetercatom selected from oxygen, sulfur, and nitrogen;

[0013]  atleast one of X', X2 X°, X¥ and X7 is present;

[6014] Al and A? are each independently selected from the group consisting of
Cs-Cip haloalkyl, Cs-Cy alkenyl, Cs-Cyp alkyuyl, {Cs-Crp alkoxy3-{CHimw—, (Cs-Cio aryl)-
(CH)m— optionally ring substituted with one or two halo, Ci-Cs alkyl, Ci-Cs haloalkyl, or
{5-Ce alkoxy groups, and (C3-Cs cycloalkyD-(CHolua— optionally ring substituted with 1 or 2
C1-Cs alkyl groups; or alternatively A’ and A? join together with the atoms to which they are

bound to form a 5- to 6-membered cyclic acetal substituted with 1 or 2 Ca-Cio alkyi groups;

[8015] nl, 02 and n3 are each mdividually an integer between 1 and 4; and
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[6016] nd is an integer between zero and 4.

[0017] Some embodiments feature a lipid nanoparticle composition comprising:
an ionizable lipid as described herein; a phospholipid; a polyethvlene glycol-ipid; a
cholesterol; and optionally a nucleic acid.  Further embodiments are directed toward a
method of delivering a nucleic acid to a subject in need thereof, comprising administering to
the subject in need the lipid nanoparticle composition.

6018] These and other embodimenis are described in greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[8019] FiG. 1 illustrates a reaction scheme for preparing compounds of the
Formula (1).

[6020] FIG. 2 summarizes the structures of the compounds of Examples 1-148.

DETAILED DESCRIPTION

Detuntions

[8021] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as s commonly understood by one of ordinary skill i the art. All
patents, applications, published applications and other publications referenced herein are
ncorporated by reference m their entivety unless stated otherwise. In the event that there are
a plurality of definttions for a term herein, those mn this section prevail unless stated
otherwise.

[6022] As used herein, any "R" or “X” group(s) such as, without Himitation, R,

-

R R RY RS RS R XE X2 X3, X4 X0 X8 X7 Aland A’ represent substituents that can be
attached to the ndicated atom(s). Such R, X and A groups may be referred to herein in a
general way as “R” groups. An R group may be substituted or unsubstituted.  If two "R”
groups are said to "join together” it will be understood that the R groups and the atoms to
which they are bound can form a cyclic structure such as a cycloalkyl, cycloalkenyl, arvi
heteroaryl or heterocycle. For example, without limitation, if R® and R® of an NR?* R® group

are indicated to "join together," it means that they are covalently bonded to one ancther to

form a ring;
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In addition, if two “R” groups “join together” with the atom(s) to which they are attached to
form a ning as an alternative, the R groups are not limited to the vanables or substituents
defined previously.

[8023] Whenever a group 158 described as being “optionally substituted” that
group may be unsubstituted or substituted with one or more of the indicated substituents.
Likewise, when a group is described as being “unsubstituted or substituted” if substituted, the
substituent(s} may be selected from one or more of the indicated substituents. If no
substituents are indicated, it s meant that the indicated “optiomally substituted” or
“substituted” group may be subsiituted with one or more group(s) individually and
independently selected from alkyl, alkenyl, alkynyl, cyeloalkvl, cveloalkenvl, acylalkyl,

hydroxy, alkoxy, alkoxyalkyl, amincalkyl, amino acid, aryl, hetercaryl, heterocyclyl

aryl{alkyl), hetercaryl{alkyl), heterocyclyl{aliyl), hvdroxyalkyl, acyl, cvano, halogen,
thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamy!, C-amido,
N-amido, S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy, isocvanato, thiocyanato,
isothiocyanato, azido, nitro, silyl sulfenyl sulfinyl, sulfonyl, haloalkyl halcalkoxy,
trihalomethanesulfonyl, trihalomethanesulfonamido, an amino, a mono-substituted amino
group and a di-substituted amino group.

[8(24] As used herein, “C, to Cp” in which “a” and “b” are integers refer to the
number of carbon atoms in an alkyl, alkenyl or alkyoyl group, or the number of carbon atoms
1o the ring of a cycloalkyl, cycloalkenyl, aryl, heteroaryl or hetercalicyclyl group. That is,
the alkyl, alkenvl, alkynyl, ring{s) of the cycloalkyl, ring(s) of the evcloalkenyl, ring(s) of the
aryl, ring(s) of the heteroarvl or ring(s) of the hetercalicyclyl can contain from “a” to “b”,
melusive, carbon atoms. Thus, for example, a “Cy to C4 alkyl” group refers to all alkyl
groups having from 1 to 4 carbons, that 15, CHsz~-, CHaCH,-, CH;CHCH,-, (CHapCH-,
CH;CHCHCHe~, CHCHCH(CH:)- and (CHspC-. M no “a” and “b” are designated with
regard to an alkyl, alkenvl, alkynyl, cycloalkyl, cvcloalkenyl, aryl, hetercaryl or
hetercalicyelyl group, the broadest range described 1n these definitions 1s to be assumed.

[8025] As used herem, “alkyl” refers to a straight or branched hydrocarbon chain

that comprises a fully saturated (no double or triple bonds) hydrocarbon group. The alkyi
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group may have 1 to 20 carbon atoms (whenever it appears herein, a numerical range such as
“1 1o 207 refers to each integer in the given range; e.g., 1 1o 20 carbon atoms” means that
the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, erc., up to and
inciuding 20 carbon atoms, although the present definition also covers the occurrence of the
term “alkyl” where no numerical range is designated). The alky! group may also be a
medium size alky! having 1 to 10 carbon atoms. The alkyl group could also be a lower alkyl
having | to 6 carbon atoms. The alky! group of the compounds may be designated as “C1-Cs
alkyl” or similar designations. By way of example only, “C:i-Cy alky!” indicates that there
are one to four carbon atoms in the alkyl chain, e, the alkyi chain is selected from methyl,
ethyl, propvl, iso-propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl Typical alkyl groups
melude, but are i no way limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary
butvl, pentyl and hexyl. The alkyi group may be substituted or unsubstituted.

[026] As used herein, “alkenyl” refers to an alkyl group that contains i the
straight or branched hydrocarbon chain one or more double bonds. EHxamples of alkenyi
groups nclude allenyl, vinviroethyl and etheoyl  An alkenyl group may be unsubstituted or
substituted.

(60271 As used herein, “alkyoyl” refers to an alkvl group that contains in the
straight or branched hydrocarbon chain one or more triple bonds. Examples of alkynyls
nclude ethynyl and propynyl. Au alkyoyl group may be unsubstituted or substituted.

[0028] As used herein, “cycloalkyl” refers to a completely saturated (no double or
triple bonds) mono- or multi- cyclic hydrocarbon ring systems. When composed of two or
more rings, the rings may be joined together n a fused, bridged or spiro fashion.  As used
herein, the term “fused” refers to two rings which have two atoms and one bond in common.
As used heremn, the term “bridged cycloalkyl” refers to compounds wherein the cycloalkyi
contains a himkage of one or more atoms connecting non-adjacent atoms. As used herem, the
term “spiro” refers to two rings which have one atom in common and the two rings are not
linked by a bridge. Cycloalkyl groups can contain 3 to 30 atoms in the ring{s), 3 to 20 atoms
in the ning(s}, 3 to 10 atoms n the ring(s), 3 to & atoms n the ring{s) or 3 to 6 atoms in the
ring(s). A cycloalkyl group may be unsubstituted or substituted. Typical mono-cycloalkyl
groups include, but are in no way himited to, cyeclopropyl, cyclobutyl c¢vclopentyl,

cyclohexyl, cvcloheptyl and cyclooctyl  Examples of fused cycloalkyl groups are
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decahydronaphthalenyl,  dodecahvdro-1H-phenalenyl and  tetradecahydroanthracenyl,
examples of bridged cycloalkyl groups are bicyclofl.1.1ipentyl, bicyclo{2.1.1}heptane,
adamantanyl, and norbornanyl;, and examples of spiro cycloalkyl groups mnclude
spire{3.3 theptane and spiro[4.5]decane.

{60291 As wused herein, “cycloalkeny!” refers to a mono- or mulii- cvelic
hydrocarbon ring system that contains one or more double bonds in at least one ring;
although, if there is more than one, the double bonds cannot form a fully delocalized pi-
electron system throughout all the rings {otherwise the group would be “aryl” as defined
herein}. Cycloalkenyl groups can contain 3 to 10 atoms in the ring(s) or 3 to 8 atoms in the
ring(s). When composed of two or more rings, the rings may be connected together in a
fused fashion. A cycloalkenyl group may be unsubstituted or substituted.

[60306] As used berein, “aryl” refers to a carboevchic {all carbon) monocyclic or
multicyclic aromatic ring system {including fused ring systems where two carboeyclic rings
share a cheroical hond) that has a fully delocalized pi-electron system throughout all the
rings. The number of carbon atoms in an aryl group can vary. For example, the aryl group
can be a Cs-Cis aryl group, a Cs-Cio aryl group, or a Cs aryl group. Examples of aryt groups
melude, but are not himited to, benzene, naphthalene and azulene. An aryl group may be
substituted or unsubstituted.

2

(06031 As used herem, “heteroaryl” refers to a monocychic or multicyche
aromanic ring system {a ring system with fully delocalized pi-electron system} that contain(s)
one, two, three or more heteroatoms, that is, an element other than carbon, mcluding but not
funited to, mitrogen, oxygen and sutfur. The number of atoms in the ring{s) of a heteroaryi
group can vary. For example, the heteroaryi group can contam 4 to 14 atoms in the ring{s), S
to 10 atoms 1 the ring{s) or 5 to 6 atoms m the ring(s). Furthermore, the term “heteroary]”
mcludes fused ring systerms where two rings, such as at least one aryl ring and at least one
heteroaryi ring, or at least two heteroaryl rings, share at least one chemical bond. Examples
of heteroary] rings include, but are not limited to, those describad herein and the following:
furan, furazan, thiophene, benzothiophene, phthalazine, pyrrole, oxazole, benzoxazole, 1,23~

oxadiazole, 1,2 4-oxadiazole, thiazole, 1,2 3-thiadiazole, 1,2 4-thiadiazole, benzothiazole,

imidazole, benmmidazole, indole, indazole, pyrazole, benzopyrazole, isoxazole,

benzoisoxazole, isothiazole, triazole, benzotriazole, thiadiazole, tetrazole, pyriding,
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pyridazine, pyrimidine, pyrazine, puring, pteridine, guincline, isequinoline, quinazoline,
quinoxaline, cinnoline and iriazine. A hetercaryl group may be substituted or unsubstituted.

{80321 As used herein, “heterocyelyl” or “hetercalicyclyl” refers to three-, four-,
five-, six-, seven-, eight-, nine-, ten-, up to 18-membered monocvelic, bicychie, and tricychic
ring system wherein carbon atoms together with from 1 to § hetercatoms constitute said ring
system. A heterocycle may optionally contain one or more unsaturated bonds situated in
such a way, however, that a fully delocalized pi-eleciron system does not occur throughout
all the rings. The heteroatom(s) s an element other than carbon mncluding, but not limited to,
oxygen, sulfur, and nitrogen. A heterocycle may further contain one or more carbonyl or
thiocarbony! functionalities, so as to make the definition include oxo-systems and thio-
systems such as lactams, lactones, cyclic imides, cychic thiotmides and cyclic carbamates.
When composed of two or more rings, the rings may be joined together in a fused or spiro
fashion, as described herem with respect to “cycloalkyl” Additionally, any mirogens in a
heterocyclyl may be quatermized.  Heterocyclyl or heteroalicyclic groups may be
unsubstituted or substituted.  Examples of such “heterocyclyvl” or “heteroalicyely!” groups
melude, but are not limited to, those described herein and the following:  1,3-dioxin, 1,3-
dioxane, 14-dioxane, 1,2-dioxolane, 1,3-dioxolane, 1.4-dioxolane, 1 3-oxathiane, 1,4-
oxathuin, 1,3,4-oxadiazol-2(3H)-one, 1,2 3-oxadiazol-5(ZH}-one, 1 3-oxathiolane, 1,3~
duthiole, 1,3-dithiolane, 1 4-oxathiane, tetrahvdro-1,4-thiazine, 1,3-thiazinane, 2H-1,2-
oxazine, maleinmde, succiumide, barbituric acid, thiobarbituric acid, dioxopiperazine,
hydantoin, dihydrouracil, trioxane, hexahydro-1,3 5-triazine, imidazoline, imidazolidine,
isoxazoling, isoxazolidine, oxazoling, oxazolidine, oxazolidinone, thiazoline, thiazolidine,
morpholine, oxirane, piperiding N-oxide, piperidine, piperazine, pyvrrolidine, pyrrolidone,
pyrrolidione, 4-piperidone, pyrazoline, pyrazohidineg, 2-oxopyrrolidine, tetrahydropyran, 4H-
pyran, tetrabydrothiopyran, thiamorpholine, thiamorpholine sulfoxide, thiamorpholine
sulfone, and their benzo-fused analogs (e.g., benzimidazolidinone, tetrahydroquinoline, and
3,4-methylenedioxyphenyl).

(00331 As wused heretn, “aralkyl” and “aryl{alovl)” refer to an aryl group
connected, as a substituent, via a lower atkylene group. The lower alkylene and arv! group of
an aralkyl may be substituted or unsubstituted.  Examples include but are not himited to

benzyl, Z-phenvlalkyl, 3-phenylatky] and naphthylalkyl

<3
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[6034] As used herein, “hetercaralkyl” and “hetercaryl{alkyl)” refer to a
hetercaryl group connected, as a substituent, via a lower atkylene group. The lower alkylene
and heteroaryl group of heteroaralkyl may be substituted or unsubstituted. Examples include
but are not limited to 2-thienylalkyl, 3-thienylaikyl, furyialkyl, thienylalkyl, pyrrolylalicvi,
pyridvialkyl isoxazolylalkyl, imidazolylalkyl and their benzo-fused analogs.

[0035] A “heteroalicvelyl{alkyl)” and “heterocyclyl{alkyly” refer to a heterocyclic
or a heteroalicyclylic group connected, as a substituent, via a lower alkylene group. The
lower alkylene and heterocyclyl of a hetercalicyelyl{alkyl) may be substituted or
unsubstituted.  HExamples include but are not limited tetrahydro-2H-pyran-4-vl{methyl},
piperidin-4-yi{ethyl), piperidin-d-yl{propyl), tetrahydro-2H-thiopyran-d-yl{methy!}, and 1,3-
thiazinan-4-yl{methyl}.

[8036] “Lower alkylene groups” are straight-chamned ~CHj- tethering groups,
forming bonds to connect molecular fragments via their terminal carbon atoros. Examples
mnciude but are not himited to methylene (-CHy-), ethylene ((CHoCH»-), propylene (-
CHyCH:CH-), and butylene ((CHCHCHRCHz-). A lower alkylene group can be
substituted by replacing one or more hydrogen of the lower alkvlene group with a
substituent(s) listed under the defirution of “substituted.”

[8037] As used herein, “alkoxy” refers to a group of the forroula —~OR wherein R
15 an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a cycloalkenyl, aryl, hetercaryl, heterocyelyl,
cycloalkyl{alkyl), aryl{alkyl}, hetercaryli{alkyl} or heterocyclyl{alkyl) as defined heremn. A
non-timiting list of alkoxys are methoxy, ethoxy, n-propoxy, T-methylethoxy (isopropoxy),
cyclopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy, cyclobutoxy, phenoxy and
benzoxy. An alkoxy may be substituted or unsubsiituled.

[0038] As used heremn, “acyl” refers to a hydrogen, an alkyl, an alkenyl, an
alkynyl, a cyeloalkyl, a cycloalkenvl, arvl, hetercarvl, beterocycelyl, cycloalkyl{alkyt),
aryl{atkyl}, heteroarvi{alkyl} or heterocyclyl(alkyl} connected, as substituents, via a carbonyt
group. Examples include formyl, acetyl, propanoyl, benzoyl and acrvl. An acyl may be
substituted or unsubstituted.

[8039] As used herein, “acylalky!” refers to an acyl connected, as a substiiuent,
via a lower alkylene group. Examples include aryl-C(=0)-(CH2)w- and heteroary-C(=0)-

{CH: -, where 1 is an integer in the range of 1 to 6.
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(60481 As used herein, “alkoxyalkyl” refers to an alkoxy group connected, as a
substituent, via a lower alkylene group. Examples include Cig alkyl-O-(CHz )y ,wherein nn is
an integer in the range of 1 to 6.

[8041] As used herein, “amunocalkyl” refers to an optionally substinted amino
group connected, as a substituent, via 3 lower alkviene group. Examples include HaN{CH: Ju-
,wherein n is an integer in the range of 1 t0 6.

[0042] As used herein, “hydroxvalkyl” refers to an alkyl group in which one or
more of the hydrogen atoms are replaced by a hydroxy group. Exemplary hydroxyalkyl
groups include but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl,
and 2,2-dihydroxyethyl. A hydroxyalkyl may be substituted or unsubstituted.

[0043] As used herein, “haloalkyl” refers to an alkyl group in which one or more
of the hydrogen atoms are replaced by a halogen {e.g., mono-haloalkyl, di-haloalky! and tri-
haloalkvl). Such groups mclude but are not houted to, chloromethyl, fluoromethyl,
diftuoromethyl,  tritfluoromethyl, chloro-fluorcalkyl,  chloro-diffuorcalkyl  and  2-
fluorcisobutyl. A haloalkyl may be substituted or unsubstituted.

[0044] As used herein, “haloalkoxy” refers to an alkoxy group in which one or
more of the hydrogen atoros are replaced by a halogen {eg. mono-haloalkoxy, di-
haloalkoxy and tri- haloalkoxy). Such groups nclude but are not lumited to, chloromethoxy,
fluoromethoxy,  difluoromethoxy,  trifluoromethoxy,  chloro-fluorcalkyl,  chloro-
diftuoroalkoxy and 2-flucroisobutoxy. A haloalkoxy may be substituted or unsubstituted.

[8045] A “sulfenyt” group refers to an “~-SR” group 1 which R can be hydrogen,
an alkyl, an allenyl, an alkynvi, a cycloalkyl, 3 cycloalkenyl, aryl, heteroaryl, heterocyclyl,
cycloalkyl{alkyly, aryl(alkyl), hetercaryl{alkyl) or heterocyclyl(alkyl}. A sulfenyl may be
substituted or unsubstituied.

[0046] A “sulfiny]” group refers to an “-5{=0}-R” group mn which R can be the
same as defined with respect to suifenyl. A sulfinyl may be substituted or unsubstituted.

{00471 A “sulfonyi” group refers to an “SO,R” group m which R can be the same
as defined with respect to sulfenyl A sulfonyvl may be substituted or unsubstituted.

[8048] An “G-carboxy” group refers to a “RC=0¥0-" group in which R can be

hydrogen, an alkyvl, an alkenyl, an alkynyl, a cycloaliyl, a cyeloalkenyl, aryl, heteroaryl,

-0
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heterocvelyl, cycloallyl{alkyl), aryl{alkyl), heteroaryl{alkyl} or heterocyclyl{alivl), as
defined herein. An O-carboxy may be substituted or unsubstituted.

[0049] The terms “ester” and “C-carboxy” refer to a “-C(=0)0OR” group in which
R can be the same as defined with respect to G-carboxy. An ester and C-carboxy may be
substituted or unsubstituted.

[0050] A “thiocarbonyl” group refers to a “-C{=8}R” group mn which R can be the
same as defined with respect to O-carboxy. A thiocarbonyl may be substituted or
unsubstituted.

(80511 A “trihalomethanesulfonyl” group refers to an “X3C80;-" group wherein
each X is a halogen.

{0052} A “trihalomethanesulfonamido” group refers to an “XaCS{ORNRA)-
group wherein each X ts a halogen, and Ra hydrogen, an alkyl, an alkenyl, an alkynyl, a
cycloalkyl, a cycloalkenyl, aryl, hetercaryl, heterocyclyl, cycloalkyl{alkyl), aryl{alkyl},
heteroarvi{alky]) or heterocyclylalkyl).

80531 The term “armnmno” as used herein refers to a ~NH:z group.

8054] As used herein, the term “hydroxy” refers to a —OH group.

8055} A “cyano” group refers to a “-CN” group.

8056 The term “azido” as used herewn refers to a —Ns group.
8058
$059
8860

[
f
[
{0056}
(00571 An “isocvanato” group refers to a “-NCO” group.
{ i A “thiocyanato” group refers to a “-CNS” group.
{ 1 An “1sothiocyanato” group refers to an “ -NCS” group.
[ 1 A “carbony!l” group refers to a C=0 group.

[8061] An “S-suffonamide” group refers to a “~-SCN(RaRg)” group in which Ra
and Re can be imdependently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cycloalkenyl, aryl, heteroaryl, heterocyclyl, cycloalkyl{alkyl), aryl(alkyvl}, heteroaryi{alkyl)
or heterocyclyl{alkyi}). An S-sulfonamido may be substituted or unsubstituted.

[0062] An “N-sulfonamido” group refers to a “RSO:N{RA)-" group in which R
and Ra can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cyclealkyl, a
cycloalkenyl, aryl, hetercaryl, heterocyclyl, cycloalkyl{aliyl), aryl{alkyl}, hetercaryl{alkyl}

or heterocyclyl{alky!}. An N-sulfonamido may be substituted or unsubstituted.

-10-
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[6063] An “QO-carbamyl” group refers to a “~OC(=0N{RRp)" group in which
Ra and Ry can be independently hydrogen, an alkyl, an alkenyl, an alkvnvl a cycloalkyl, a
cycloalkenyl, arvl, hetercaryl, heterocyclyl, cycloalkyl{alkyly, arvi{alkyl}, hetercaryl{alkyl)
or heterocyclyl{(alkyl}. An O-carbamy! may be substituted or unsubstituted.

[0064] An “N-carbamy!l” group refers to an “ROCHEOIN{RA)-" group in which R
and Ra can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cveloalkenyl, aryl, heteroaryl, heterocyclyl, cycloalkyl{alkyl), arvi{alkyl}, heteroaryi{alkyl)
or heterocyclyl{alkyl}. An N-carbamyl may be substituted or unsubstituted.

[0665] An “O-thiocarbamy!” group refers to a “-OC{=S}-N{RaRg)”’ group in
which Rs and Rs can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a
cycloalkyl, a cycloalkenyl, aryl, heterocaryl, heterocyclyl, cycloalkyl{alkyl), aryl{alkyl},
heteroaryl{alkyl}) or heterocyclyl{alkyly.  An O-thiocarbamyl may be substituted or
unsubstituted.

[8066] An “N-thiccarbaroyl” group refers to an “ROC(E=SIN(RAY group in
which R and Ra can be wmdependently hydrogen, an alkyl, an alkenyl, an alkynyi, a
cycloalkyl, a cvcloalkenvl, aryl, heteroaryl, heterocyclyl, cycloalkyl{alkyl), arvlalkviy,

heteroarvi{alkyl) or heterocyelvi{alkvl).  An N-thiocarbarmyl may be substituted or

unsubstituted.

60671 A “C-amido” group refers to a “-C{(=0}N{RaRp)” group i which Ra and
Rp can be independently hydrogen, an alkyl an alkenyl, an alkynyl, a cycloalkyl, a
cycloalkenyl, aryl, heteroaryl, heterocyclyl, cycloalkyl{alkyl), aryl{alkvl}, hetercaryl{alkyl}
or heterocyclvi{alkyl}). A C-amido may be substituted or unsubstituted.

[0068] An “N-amido” group refers to 8 “RCEGIN{RAY group m which R and
Ra can be mdependently bydrogen, an alkyl, an alkenyl, an alkyoyl, a cycloalkyl, a
cycloalkenyl, aryl, heteroaryl, heterocyclyl, cycloalkyl{alkyl), aryl(alkyvl}, heteroaryi{alkyl)
or heterocyclyi{alkyi}. An N-amido may be substituted or unsubstituted.

[3069] A “urea” group refers to “N(R}C(=0)-NRAREp group n which R can be
hydrogen or an alkyl, and Ra and Ry can be independently hydrogen, an alkyi, an alkenyl, an
alkynyl, a cycloalkyl, a cycloalkenyl, aryl, hetercaryl, heterocyclyl, cvcloalkyl{alkyh),
aryl{atkvl}, hetercarvi(alkyl) or heterocyclyl{alkvl}, A wrea may be substituted or

unsubstituted.

-i1-
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(60701 An “oxime” group refers to “-C{(=N-OH}R.” in which Ra can be
idependently an alkyl, an alkenyl, an alkynvi, a cycloalkyl, a cycloalkenyl, aryl, hetercarvi,
heterocvelyl, cycloalkyl{alkyl), aryl(alkyl}, hetercaryl{alkyl} or heterocyclyl{alkvl). An
oxime may be substituted or unsubstituted.

[0071] An “acyl hydrozone” refers to “-C{=N-NH-acyl}-Ra.” in which the acyl
portion has the structure as provided herein for “acyl”, and Ra can be independently an alkyl,
an alkenyl, an alkynyl, a cycloalkyl, a cycloalkenyl, aryl, hetercaryl, heterocyclyl,
cycloalkyl{alkyl), arvi{alkyl}, hetercarvi(alkyvl) or heterocyelyl{alkyl).  An acyl hydrozone
may be substituted or unsubstituted.

[8672] A “hydrazing” refers to “-NHNRaRp” in which Ra and Rp can be
mdependently hydrogen, an alkyl, an alkenvl, an alkynyl, a cycloalkyl, a cycloalkenyl, aryl,
heteroaryl, heterocyelyl, cycloalkylalkyl), aryi{alkyl}, heteroaryl{alky) or
heterocyelyli{alkyl). A hydrazine may be substituted or unsubstituted.

[0073] The term “halogen atont” or “halogen” as vsed herein, means any one of
the radio-stable atoms of column 7 of the Periodic Table of the Elements, such as, fluorine,
chlorine, bromine and iodine.

[6474] As used herein, “------" mdicates a single or double bond, unless stated
otherwise.

[6075] Where the numbers of substituents is not specified {(e.g. haloalkyl), there
may be one or more substituents present. For example “haloalkyl” may include one or more
one or more of the same or different alkoxy groups containing one, two or three atoms.

[B8076] As used herem, the abbreviations for any protective groups, amino acids
and other compounds, are, unless indicated otherwise, m accord with their common usage,
recognized abbreviations, or the IUPAC-IUB Commission on Biochemical Nomenclatare
(See, Biochem. 11:942-944 (1972)}.

{6077} The terms “protecting group” and “protecting groups” (and the

AEER

abbreviation “P(G”) as used herein refer to any atom or group of atoms that s added to a
molecule in order to prevent existing groups in the molecule from undergoing unwanted
chemical reactions. Examples of protecting group moieties are described in T. W. Greene and

P. G M. Wauls, Profective Groups in Organic Synthesis, 3. Ed. John Wiley & Sons, 1999,
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and in JFW. McOnme, Profective Groups in Ovganic Chemistry Plenum Press, 1973, both
of which are hereby incorporated by reference for the limited purpose of disclosing switable
protecting groups. The protecting group motety may be chosen in such a way, that they are
stable to certain reaction conditions and readily removed at a convenient stage using
methodology known from the art. A non-limiting list of protecting groups include benzyl,
substituted benzyl, alkvicarbonyls and alkoxycarbonyils {eg, t-butoxycarbonyl (BOC),
acetyl, or isebutyryl); aryialkylcarbonyls and arvialkoxyecarbonyis {e ., benzvioxycarbonyl);
substituted methy! ether {e.g. methoxymethy! ether); substituted ethyl ether; a substituted
benzyl ether; tetrahydropvranyl ether; siyls {(eg, tnmethylsiyl, triethylsilyl,
triisopropylsilyl, t-butyldimethylsiyl, tri-iso-propylsilyloxymethyl, [2-
{(trimethylsilyl}ethoxymethyl or t-butyldiphenylsiiyl); esters (e.g. benzoate ester); carbonates
{e.g. methoxyructhylcarbonate), sulfonates {e.g tosylate or mesvlate); acychic ketal (e.g.
dimethyl acetal}; cyclic ketals (e g, 1,3-dioxane, 1,3-dioxolanes, and those described heren);
acyclhic acetal; cyclic acetal (e, those described herein), acyclic hemacetal, cyclic
hemuacetal; ¢vehe dithioketals (e, 1,3-duthiane or 1 3-dithiolane); orthoesters (e.g., those
described herein) and tnarylmethyl groups {e.g., tnityl, monomethoxvintyl (MMTr); 4,4~
dunethoxvirityl (DMTr); 4,4, 4" trimethoxytrity] (TMTr); and those described herein).

[8078] The term “leaving group” {(and the abbreviation "1’} as used herein
refers to any atom or moiety that s capable of being displaced by another atom or moiety ina
chemical reaction. More specifically, in some embodiments, “leaving group” refers 1o the
atomy or motety that is displaced 1o a nucleophilic substitution reaction. In some
embodiments, “leaving groups” are any atoms or moteties that are conjugate bases of strong
acids.  Examples of suitable leaving groups inchude, bui are not hmited to, tosylates,
mesylates, trifluoroacetates and halogens (e.g., I, Br, and Cl). Non-limiting characteristics
and examples of leaving groups can be found, for example in Organic Chemisiry, 2d ed,,
Francis Carey (1992}, pages 328-331; fntroduction to Organic Chemistry, 24 ed., Andrew
Streitwieser and Clayton Heathcock (1981}, pages 169-171; and Organic Chemistry, 5% ed.,
John McMurry (2000}, pages 398 and 408; all of which are incorporated herein by reference
for the limited purpose of disclosing characteristics and examples of leaving groups.

(80791 The term “pharmaceutically acceptable salt” refers to a salt of 2 compound

that does not cause significant irritation to an organism to which it s administered and does
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not abrogate the biclogical activity and properties of the compound. In some embodiments,
the salt is an acid addition salt of the compound. Pharmaceutical salts can be obtamed by
reacting a compound with inorganic acids such as hydrohalic acid (e.g., hydrochloric acid or
hydrobromic acid), sulfuric acid, nitric acid and phosphoric acid.  Pharmaceutical salts can
also be obtained by reacting a compound with an organic acid such as aliphatic or aromatic
carboxylic or sulfonic acids, for example formic, acetic, succinic, lactic, malic, tartaric, ciiric,
ascorbic, nicotinic, methanesulfonic, ethanesulfonic, p-toluenesulfonic, salicvlic or
naphthalenesulfonic acid. Pharmaceutical salts can also be obtained by reacting a compound
with a base to form a salt such as an ammonium salt, an alkali metal salt, such as a sodium or
a potassium salt, an alkaline earth metal salt, such as a calcium or a magnesium salt, a salt of
organic bases such as dicycichexvlamine, N-methyl-D-glucamine,
tris(hvdroxymethymethylamine, Ci-Cr  alkylamine, cyclohexylamine, iriethanolamine,
ethylenedianune, and salts with amuno acids such as arginine and lysine.

[6088] Terms and phrases used i this application, and vanations thereof,
especially in the appended claims, unless otherwise expressly stated, should be construed as
open ended as opposed to limiting.  As examples of the foregoing, the term “mncluding’
should be read to mean “including, without hmitation,” “including but not himited 1o, or the
fike; the term “comprising’ as used herein s synonymous with “including,” ‘contaung,” or
“characterized by,” and is inclusive or open~ended and does not exclude additional, unrecited
elements or method steps; the term “having’ should be interpreted as “having at least;” the
term “includes” should be mmterpreted as “includes but is not imited 10, the term “example’ is
used to provide exemplary instances of the item in discussion, not an exhaustive or limiting
list thereof, and use of terms bike ‘preferably,” ‘preferred,” ‘desired,” or ‘desirable,” and
words of simular meaning should not be understood as 1mplying that certain features are
critical, essential, or even important to the structure or function, but instead as merely
intended to highlight alternative or additional features that may or may not be utilized in a
particular embodiment. In addition, the term “comprising” 1S 0 be interpreted synonymously
with the phrases "having at least" or "including at least". When used in the context of a
process, the term "comprising” means that the process includes at least the recited steps, but
may include additional steps. When used in the context of a compound, composition or

device, the term "comprising” means that the compound, composition or device icludes at
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least the recited features or components, but may also mclude additional features or
components. Likewise, a group of items linked with the conjunction ‘and’ should not be read

o, bui rather

=2

as requiring that each and every one of those items be present in the groupin
should be read as "and/or’ unless the context indicates otherwise. Similarly, a group of items
linked with the conjunction ‘or’ should not be read as requiring mutual exclusivity among
that group, but rather should be read as ‘and/or” unless the context indicates otherwise.

(0081 With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from
the singular to the plural as 1s appropriate to the context and/or apphication. The various
singular/plural permutations may be expressly set forth herein for sake of clarity. The
mdefinite article “a” or “an” does not exclude a plurality. The mere fact that certain
measures are recited in ourtually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.  Any reference signs in the
claims should not be construed as limiting the scope.

[6082] It 15 understood that, v any compound described herein having one or
more chiral centers, if an absolute stereochemistry 1s not expressly indicated, then each
center may 1ndependently be of R-configuration or S-configuration or a mixture thereof
Thus, the compounds provided herein may be enantiomerically pure, enantiomerically
enriched, racemic nuxture, diastereomerically pure, dastereomerically enriched, or a
stereoisomeric nuxture. In addition it 18 understood that, in any compound described herem
having one or more double bond{s} generating geometrical 1somers that can be defined as B
or Z, each double bond may mdependently be E or Z, or a mixtare thereof.

[6083] Likewise, 1t 1s understood that, in any compound described, all fautomeric
forms are also intended to be mcluded.

[6084] it 1s to be understood that where compounds disclosed herein have unfilled
valencies, then the valencies are to be filled with hydrogens or isotopes thereof, eg.,
hydrogen-1 (protium} and hydrogen-2 {deuterium}.

[B085] It 13 understood that the compounds deseribed herein can be labeled
isotopically.  Substitution with isotopes such as deuterium may afford certain therapeutic
advantages resulting from greater metabolic stability, such as, for example, increased in vive

half-life or reduced dosage requirements. Fach chemical element as represented i a
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compound structure may include any isotope of said element. For example, in a compound
structure a hydrogen atom may be explicitly disclosed or understood to be present in the
compound. At any position of the compound that a hydrogen atom may be present, the
hydrogen atom can be any isotope of hydrogen, including but not limited to hydrogen-1
(protium} and hydrogen-2 (deuterium). Thus, reference herein to a compound encompasses
all potential isotopic forms unless the context clearly dictates otherwise.

{60861 it is understood that the methods and combinations described herein
include crystalline forms {also known as polymorphs, which include the different crystal
packing arrangements of the same elemental composition of a compound), amorphous
phases, salts, solvates, and hydrates. In some embodiments, the compounds described herein
exist m solvated forms with pharmaceutically acceptable solvents such as water, ethanol, or
the like. In other embodiments, the compounds described herein exist 1o unsolvated form.
Solvates contain erther stoichiometric or non-stoichiometric amounts of a solvent, and may
be formed during the process of crystalhization with pharmaceutically acceptable solvents
such as water, ethanol, or the ke, Hydrates are formed when the solvent is water, or
alcoholates are formed when the solvent 15 aleohol. Tn addition, the compounds provided
herein can exist in unsolvated as well as solvated forms. In general, the solvated forms are
considered equivalent to the unsolvated forms for the purposes of the compounds and
methods provided herein.

{00871 Where a range of values 15 provided, it 15 understood that the upper and
lower lomoit, and each mtervening value between the upper and lower limit of the range is
encompassed within the embodiments.

[B088] As used herein, an "RNA" refers to a nibonucleic acid that may be
natorally or non-naturally occurring. For example, an RNA may jnclude modified and/or
non~-naturally occurring components such as one or more nuocleobases, nucleosides,
nucleotides, or linkers. An RNA may include a cap structure, a chain ternunating nucleoside,
a stem loop, a polyA sequence, and/or a polyadenvlation signal. An RNA may have a
nucleotide sequence encoding a polypeptide of interest. For example, an RNA may be a
messenger RNA (mRNA}. Translation of an mRNA encoding a particular polypeptide, for
example, i vivo translation of an mRNA inside a mammalian cell, may produce the encoded

polypeptide. RNAs may be selected from the nonlimiting group consisting of small
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interfering RNA (siRNA), microRNA (miRNA}, Dicer-substrate RNA (dsRNA), small
hairpin RNA (shRNA), mRNA, single-guide RNA (sgRNA), cas? mRNA, and mixtures
thereof.

[8089] The terms “polypeptide”, “peptide”, and “protein”, may be used
interchangeably to refer a siring of at least three amino acids linked together by peptide
bonds. Peptide may refer to an individual peptide or a collection of peptides. Peptides can
contain natural amino acids, non-natural amino acids {i.e., compounds that do not occur in
natare but that can be incorporated into a polypeptide chain}, and/or amino acid analogs.
Also, one or more of the amino acids in a peptide may be maodified, for example, by the
addition of a chemical entity such as a carbohydrate group, a phosphate group, a farnesyl
group, an isofarnesy! group, a fatty acid group, a linker for conjugation, functionalization, or
other modification, etc. Modifications may mclude cychization of the peptide, the

meorporation of B-amino acids, ete.

EERNAY EEIN14

[0090] As used heren, the terms “treat,” “treating,” “treatment” and “therapeutic
use” refer to the elumuination, reduction or amelioration of one or more symptoms of a disease
or disorder.  As used heremn, a “therapeutically effective amount” refers to that amount of a
therapeutic agent sufficient to wediate a chnically relevant elimunation, reduction or
amelioration of such symptors. An effect s chinically relevant if its magmituade s sufficient
to 1npact the health or prognosis of a recipient subject. A therapeutically effective amount
may refer to the amount of therapeutic agent sufficient to delay or mimimize the onset of
disease, e.g., delay or minimize the spread of cancer. A therapeutically effective amount
may also refer to the amount of the therapeutic agent that provides a therapeutic benefit in the
treatment or management of a disease.

[6091] The compositions described herein are preferably provided in unit dosage
form.  As used herein, a "unit dosage form" 15 a composition confaining an amount of a
compound or composition that is svitable for admimistration fo an animal, preferably
mammal subject, in a single dose, according to good medical practice. The preparation of a
single or unit dosage form however, does not mmply that the dosage form is administered
once per day or once per course of therapy. Such dosage forms are contemplated to be
administered once, twice, thrice or more per day and may be administered as infusion over a

period of time {e.g, from about 30 munutes to about 2-6 howrs), or administered as a
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contingous infusion, and may be given more than once during a course of therapy, though a
single administration is not specifically excluded. The skalled artisan will recognize that the
formudation does not specifically contemplate the entire course of therapy and such decisions
are left for those skilled in the art of treatment rather than formulation. As used herein, the
term “prophylactic agent” refers {0 an agent that can be used in the prevention of a disorder
or disease prior to the detection of any symptoms of such disorder or disease. A
“prophvlactically effective” amount is the amount of prophylactic agent sufficient to mediate
such protection. A prophylactically effective amount may also refer to the amount of the
prophylactic agent that provides a prophvlactic benefit in the preveniion of disease.

[8092] The compositions useful as described above may be in any of a variety of
suitable forms for a variety of routes for admimstration, for example, for oral, nasal, rectal,
topical (including transdermal), ocular, otracerebral, intracranial, intrathecal, intra-arterial,
mntravenous, mtramuscular, or other parental routes of adnunistration. The skiled artisan
will appreciate that oral and nasal compositions comprise compositions that are admunistered
by inhalation, and made using available methodologies. Depending upon the particular route
of admimstration desired, a vanety of pharmaceutically-acceptable carriers well-known 1n
the art may be used Pharmmaceutically-acceptable carriers include, for example, sohd or
hqud fillers, diluents, hydrotropies, surface-active agents, and encapsulating substances.
Optional pharmaceutically-active materials may be included, which do not substantially
mterfere with the inhibitory activity of the compound. The amount of carrier employed n
conjunction with the compound is sufficient to provide a practical quantity of material for
administration per umt dose of the compound.  Techniques and compositions for making
dosage forms useful in the methods described herein are descnbed in the following
references, all incorporated by reference heren: Modern Pharmaceutics, 4th Ed., Chapters 9
and 10 (Banker & Rhodes, editors, 2002}, Lieberman ef o/, Pharmaceutical Dosage Forms:
Tablets {1989); and Ansel, Introduction to Pharmaceutical Bosage Forms 8th Edition (2004).

[0093] As used herein, the terms “individual,” “host,” “subject,” and “patient” are
used interchangeably herein, and refer to a mammal, inchuding, but not limited to, humans,
rodents, such as mice and rats, and other laboratory animals.

[0094] As used herein, the term “pharmaceutically acceptable carrier”

encompasses any of the standard pharmaceutical carriers, such as a phosphate buffered saline
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solution, water and emulsions such as an oil/water or water/cil emulsion, and various types of
welting agents.

[0095] The term "PEG-hipid" refers to a lipid modified with polvethylene giyeol
Exemplary PEG-lipids, include but are not limited to C1aPEGsss, Ci1aPEGioeo, CraPEGz000,
C1aPEGaooe, and CisPEGoooe.

[0096] The term "oligonucleotide” refers to short DNA, RNA, or DNA/RNA

molecules or oligomers containing a relatively small number of nucleotides.

A, Lipid Manoparticles

[8097] Effective, targeted delivery of biologically active substances such as small
molecule drugs, proteins, and nucleic acids is a continuing challenge in the field of medicine.
The delivery of nucleic acids specifically is made difficult by the relative 1ostabiity and low
cell permeability of nucleic acids. ¥t has been discovered that lipid nanoparticles having
ionizable lipids as described herein can more effectively deliver nucleic acids to specific
tissues 1o the body. In one embodiment, lipid nanoparticles can be formulated by mixing
nucleic acids with ionizable lipids, PEG-lipids, phospholipids, cholesterol, and optionally a
nucleic acid. In some embodiments, the lipid nanoparticles do not contain a targeting ligand.
In some embodiments, the disclosed lipid nanoparticles preferentially target T cells over
hepatocytes in the absence of a targeting ligand.

[$098] Lipid nanoparticle sizes vary. In one embodiment, the lipid nanoparticles
can have an average hydrodynamic diameter from between about 30 to about 170 nm. The
hipid nanoparticles can have an average hydrodynamic diameter that is about 30 nm, 35 nm,
40 nm, 45 nm, 30 om, 55 nm, 60 nm, 65 e, 70 nm, 75 nm, &0 nm, 85 nm, 90 nm, 95 nm,
100 oy, 105 oy, 110 oy, 115 oy, 120 s, 125 nom, 130 i, 135 nmy, 140 nm, 145 nm, 150
nm, 155 nm, 160 nm, 165 nm, 170 nm, or any range having endpomts defined by any two of
the aforementioned values. For example, in an embodiment the nanopariicles have an
average hydrodynamic diameter from between 50 nm t5 100 nm.

1. Compounds

{80991 Some embodiments described herein relate to a compound of Formula (1}:

~i0.
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[8109] In various embodiments, the compound of Formula (1) 18 an wonizable
lipid as described elsewhere herein. In various embodiments, R' in Formula (1) 18 Co-Cao
alkvl or Co-Cop alkenyl with 1-3 units of unsaturation. For example, in some embodiments

R’ in Formula (I} is Co-Cyo alkenyl with 2 units of unsaturation, such as a {7 alkenyl group

of the formula A N N N AT g
[8101] In various embodiments, X' and X* in Formula (I} are each independently
AGH)r

absent or selected from —O—, ~NR*- and X’ wherein R? is hydrogen or C-Cs alkyl, a is
an integer between | and 6, X' is independently hydrogen, hydroxyl or ~-NR®R’, and R® and
R are each independently hydrogen or C1-Ce alkyl; or alternatively R® and R join together
with the nitrogen to which they are bound to form a 4- t¢ 7-membered heterocyclyl
optionally substitited with 1 or 2 C1-Cs alkyl groups, wherein the heterocycly!l optionally
includes an additional heteroatom selected from oxygen, sulfur, and nitrogen. In some
embodiments, X' is absent, X’ is absent, or both X' and X* are absent. As described
elsewhere herein, X'-X7-X*-X* does not contain any oxygen-oxygen, oxygen-nitrogen or
nitrogen-nitrogen bonds to one another. Accordingly, X' and X° cannot both be —O— and
cannot both be -NR’— Similarly, X! and X? cannot be ~O— and -NR>—, respectively, nor —
NR’— and —O—, respectively.

[0102] In various embodiments, X' is -0~ In various embodiments, X° is ~O—

AGH)-
In some embodiments, X' is X° | such as ~«(CHa ), ~CH(OH)- or ~{(CH2}a1 CH{OH} In
(GH)er

some embodiments, X is X' | such as ~(CHa)y—, ~CH{OH)- or «CHz)ut CH(OH)—- In
various embodiments, each a is independently 1, 2, 3, 4, 5 or 6. In various embodiments, X!
is ~NR°R’. In various embodiments, X* is ~-NR°R’. In some embodiments, R® is hydrogen

or C1-Ce alkyl In some embodiments, R’ is hydrogen or 1-Ce alkyl In other
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embodiments, R® and R join together with the nitrogen to which they are bound to form a 4-
to 7-membered heterocyclyl optionally substituted with 1 or 2 {1-Cs alkyl groups. In some
embodiments, the 4- to 7-membered heterocycly! formed by the joining together of R® and R’
optionally includes an additional heteroatom selected from oxygen, sulfur, and nitrogen.

[6163] in various embodiments, X° and X* in Formula (I) are each independently
absent or selected from:

0104 {1} 4- to §-membered heterocyclyl optionally substituted with 1 or 2 C-Cs
alkyi groups;

[6105] {2} 5- to 6-membered hetercaryl optionally substituted with 1 or 2 C3-Cs
alkyi groups;

[8106] (3} 5- to 6-membered aryl optionally substituted with 1 or 2 Ci-Cs alkyl
groups;

[0167] {4) 4~ to T-membered cycloalkyl optionally substituted with 1 or 2 C1-Ce
atkvl groups;

[0108] {5y ~0—; or

[0109]  (6) -NR'-, wherein each R’ is independently a hydrogen atom or €1-Cs
alkyl,

[0110]  In some embodiments, X is absent, X* is absent, or both X° and X* are
absent. As described elsewhere herein, X-X2-X°-X* does not contain any oxygen-oxygen,
oxygen-nitrogen or nitrogen-nitrogen bonds to one another. Accordingly, X? and X7 cannot
hoth be ~0— When X2 is ~0O- or -NR2- then X° cannot be ~-NR -, Somilarly, when X s -
O- or -NR’~ then X7 cannot be ~NR*- Likewise, X% and X* cannot both be ~O— and cannot
both be ~-NR- Similarly, 3X° and X* cannot be O~ and -NR3-, respectively, nor ~NR>- and
-0, respectively.

(9111} In various embodiments, X° and X* in Formula (I) are each independently
a 4- to 8-membered heterocyclyl optionally substituted with 1 or 2 (-Cs or Ci-Cs alkyl
groups. For example, in various embodiments X° and X* are each independently azetidinyl,
methylazetidinyl, pyrrolidinyl,  methylpyrrolidinyl,  pipendinyl,  methylpipendiny],
piperazinyl, methylpiperazinyl, dimethylpiperazinyl, morpholinyl, diazepanyl,
methyldiazepanyl, octahydro-2H-quinoliziny ) azabicyelo[3.2. Toctyl, methyl-

azabicyclof3.2. Tioctyl, diazaspire{3.5nonyl or methyldiazaspiro{3.5nonyl.
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(0112} In various embodiments, X' and X* in Formula (1) are each independently
a 5- to 6-membered heteroaryvl optionally substituted with 1 or 2 C-Cs or C1-Cs alkyl groups.
For example, in various embodiments X° and X* are each independently pyrrolyl,
methylpyrrolyl, imidazolyl, methylimidazolyl, pynidinyl, or methylpyridinyl

{0113 in various embodiments, X° and X* in Formula (I) are each independently
a 3- to 6-membered aryl optionally substituted with 1 or 2 Ci-Ce or C1-Cs alkyl groups. For
example, in various embodiments X° and X* are each independently phenyl, methylphenyl,
naphthyl or methyinaphthyl.

(6114} in various embodiments, X’ and X* in Formula (I} are each independently
a 4- to 7-membered cycloalkyl optionally substituted with 1 or 2 C1-Ce or C1-Ca alkyl groups.
For example, in various embodiments X° and X* are each independently cyclopentyl,
raethyleyelopentyl, eyclohexyl, or methyloyclohexyl.

[0115] In various embodiments, X in Forroula (I) is -O—  In other embodiments,
X% in Fornla (1) 15 -0~ In various embodiments, X° is —-NR*—, wherein R* 15 a hydrogen
atom or C1-Ce alkyl, such as a Ci-Cs alkyl. For exaruple, in various embodiments X° is —
N{CHa)—, ~N{CH,CH:)-, or N({CHCH,CH:}— In other embodiments, X* is -NR’~, wherein
R i5 a hydrogen atom or C:i-Cs alkyl, such as a Ci-Ca alkyl For example, in various
embodiments X* is —N(CH3)—, -N{CH>CH3)—, or N(CH.CHCH3)—,

5

[0116] In various embodiments, X7 i Formula (1) 15 <{(CH:—, wherein b 15 an
integer between 0 and 6. In some embodiments, b is 0, in which case X° is absent. In other
embodiments, bis 1,2, 3,4 Soré.

(8117} In various embodiments, X® in Formula (I} is hydrogen, Ci-Cs alkyl, 3- to
6-mernbered heteroary! optionally substituted with 1 or 2 Cy-Ce alkyl groups, or -NR'R®. In
some embodiments, R* and R are each independently hydrogen or C)-Cs alkyl
Alternatively, in other embodiments R* and R” join together with the nitrogen to which they
are bound to form a 4- to 7-membered heterocyclyl optionally substituted with 1 or 2 C1-Cs
alkyi groups, wherein the 4- to 7-membered heterocyclyl optionally includes an additional
heteroatom selected from oxygen, sulfur, and nitrogen.

[G118] In various embodiments of Formula (1), at least one of X!, X2, X%, X* and
X3 is present. For example, in various embodiments at least two of X', X2, X°, X4 and X°

are present in Formula (I} In other embodiments, at least three of X X2 X X4 and XC are



WO 2021/141969 PCT/US2021/012282

present in Formula {I). For example, in some embodiments, at least four of X', X?, X7 X*,
and X* are present in Formula {13. In other embodiments, all of XX X3 X4 and X7 are
present in Formula (1),

[0119]  In some embodiments, X° is hydrogen. In other embodiments, X® is (1-Cs
alkyl, such as €1-Cs alkyl (e.g., methyl, ethyl or propyl}. In other embodiments, X° is 5- to
t-membered heteroaryl optionally substituted with 1 or 2 C1-Cs alkyl groups. For example,
in various embodiments X° is pyrrolyl, methylpyrrolyl, imidazelyl, methylimidazolyi,
pyridinyl, or methylpyridinyl. In other embodiments, X® is -NR*R®. For example, in some
embodiments X° is -NH;, -NHCH:, -NHCHCH:, -NHCHCH:CH;, -N(CHsp,
N(CHz(CH: ), or -N(CHCH:CHs),. Alternatively, in other embodiments, R* and R’ join
together with the nitrogen to which they are bound to form a 4- to 7-membered heterocyclyl
The 4- to 7-membered heterocyely] can be optionally substituted with 1 or 2 Ci-Co alkyl
groups, such as Ci-Ca alkyl, and/or the 4- to 7-membered heterocyelyl can optionally include
an additional hetercatom selected from oxygen, sulfur, and nitrogen. For example, 1o some
embodiments X® is azetidinyl, methylazetidinyl, pyrrolidinyl, roethylpyrrolidiny], piperidinyi,
moethylpiperidinyl, piperazinyl, methylpiperazinyl, dimethylpiperazinyl, morpholinyl,
diazepanyl, or methyldiazepanyl.

[0120] In various embodiments, each X in Formula (I) is hydrogen. Tn other
embodiments, each X’ is hydroxyl In other embodiments, each X is —NR®R’. For
embodiments in which a is between 2 and 6, each X’ can be the same or different. For
example, in various embodiments X is «(CHy)a CH(X ), where ais 2, 3,4, S or 6. In some
embodiments for which X7 15 -NR°R’, R® and R’ are each independently hydrogen or C-Cs
altkyl such as Ci-Cs allyl. For example, in some embodiments X7 is ~NH, ~NHCH:, -
NHCHoCH3,  -NHCHCHoCHs,  -N(CHs),  -N(CHaCHz)e, or  -N{CHCH.CHs )
Alternatively, in some embodiments for which X7 is ~NR°R’, R® and R’ join together with
the mitrogen to which they are bound to form a 4- to 7-membered heterocycly! optionally
substituted with 1 or 2 C1-Ce alkyl groups. Alternatively, in other embodiments for which X7
is ~NR°R”, the R® and R can join together with the nitrogen to which they are bound to form
a 4- to 7-membered heterocyclyl. The 4- to 7-membered heterocyclyl can be optionally
substituted with 1 or 2 C1-Cs alkyl groups, such as Ci-Cs allyl, and/or the 4- to 7-membered

heterocyclyl can optionally include an additional hetercatom selected from oxygen, sulfur,
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and nitrogen. For example, in some embodiments X® is azetidinyl, methylazetidinyl,

pyrrolidinyl, methylpyvrrolidinyl, piperidinyl, methylpiperidinyl, piperazinyl,

methylpiperaziny], dimethylpiperazinyl, morpholinyl, diazepanyl, or methyldiazepanyl.
(0821} In various embodiments, A' and A? in Formula (I} are each independently

selected from:

[6122] (1} Cs-Cy2 haloalkyl;

[0123] {2) Cs-Cp alkenyl;

[0124]  (3) Cs-Cralkynyl:

[0125] {4) (Cs-Cro alkoxy 3-{CHz J—

[8126] (5} (Cs-Cio aryl)-{CHa)uws— optionally ring substituted with one or two halg,
C1-Cs alkyl, C1-Ce haloalkyl, or C1-Cs alkoxy groups; and

(8127} (6) (Cs-Cs cycloalkyD-(CHaju— optionally ring substituted with 1 or 2 Cy-
Ce alkyl groups;

[0128] or alternatively Al and A? join together with the atoms to which they are
bound to form a S- to 6-membered cyclic acetal substituted with 1 or 2 Cu-Cio alkyl groups.

[0129] In variwous embodiments of Formula (I), nl, n2 and n3 are each
ndividually an ateger between | and 4 (ie, 1, 2, 3 or 4), and v4 1s an integer between zero
and 4 (e, 0, 1,2, 3 or 4). In various embodiments, A and A% have the same chemical
structure.

[0130] In various embodiments of Formula (I}, A' and A? are each independently
a Us-Cp halealkyl For example, in various embodiments the Us-Cy halealkyl 18 a C5-Cio
fluorcalkyl such as a Cs fluorcalkyl, a Oy fleorocalkyi, a Cs fluoroaikyl, a Co flusroalkyl, a Cio
fluorcalkyl, a Cu fluorcalkyl, or a T fluorcalkyl. The number of halogen atoms attached to
the Cs5-Cy2 haloalkyl can vary over a broad range, depending on the length of the alkyl chain
and the degree of halogenation. For example, in various embodiments the Cs-Cyp baloalkyl
contains between 1 and 25 halogen atoms, such as 1,2, 3, 4,5, 6,7, 8,9, 10 or 11 halogen
atoms. In various embodiments, the Cs-Ciz haloalkyl 15 a Cs-Cia fluoroalkyl that comprises a
fluorinated end group such as CF3{CF2 s~ where nS 15 an integer in the range of O to 5. For
example in various embodiments the Cs-Cyy fluorcalkyl is CF3{CF2ins(CHo Jus—, where nS is
an integer in the range of 0 0 5, n6 s an integer in the range of O to 1, and n5 + 06+ 1 15

equal to number of carbons m the CUs-Cya fluorsalkyl.
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(0131} In various embodiments of Formula (I}, A' and A? are each independently
a Cs-Cyz alkenyl.  The position of the alkenyl double bond(s) can vary. For example, in
various embodiments the Cs-Cyz alkenyl 1s CHsCHyCH=CH(CHo)wy—, where n7 is an integer
in the range of 1 to 8, such as CHyCHCH=CH{CHz}+— In some embodiments, the Cs-Ci2
alkenyl 1s branched, such as, for example, (CH:pC=CH{TH: g CH{CH: }-(CH2)us— wherein
n& and n9 are each independently 1, 2 or 3.

[6132] in various embodiments of Formula (I}, A' and A? are each independently
a Cs-Ciz alkynvl  The position of the alkynyl triple bond(s) can vary. For example, in
vartous embodiments the Cs-Cizalkynyl 1s CHiCHC=C(CH, Juio—, where n10 is an integer in
the range of 1 to 8, such as CH3CHC=C{CH:)s— In some embodiments, the Cs-Cis alkynyl
is branched, such as, for example, (CH: ) CHC=C{CH i —CH{CH: {CHz Ju1o— wherein nil
and n12 are each independently 1, 2 or 3and nli +nl2 s intherange of 210 3.

[0133] In various erobodiments of Formula (1), A' and A? are each independently
a {Cs-Cio alkoxy-{CH2w— Tn various embodiments, each n2 is independently an integer in
the range of 1 to 4 (1e, 1, 2, 3 or 4). The position of the oxvgen{s) can vary. For example,
1o various embodiments the {Cs-Cip alkoxy -{CHapo— 18 CHO(CH Jas—{(CHa)dno—, where ni3
15 an teger in the range of 1 to 11, such as CHsO{CH,)y— To other embodiments the (Cs-
Crz alkoxyi(CHam— 15 CH3(CH2)ws—O—~(CH)nis—{(CH2)w—, wherein ni4 and nl3 are each
ndependently integers between | and 8, and nl4 + ni5 15 an integer in the range of 4 to 11,
such as CH(CHay-O-(CHop—(CHidw— In some embodiments, the Cs-Cy alkoxy 1s
branched, such as, for example, CHy{CH puis~CHCH: {CHa - {CHo Jnr—, wheremn ni6
and n17 are each mdependently 1, 2, 3, 4 or 5 and n16 + nl7 is an integer in the range of 2 to
9.

[8134] In varicus embodiments of Formula (I}, A" and A% are each independently
8 {(C5-Cio aryD-{CHa s~ optionally ring substituted with one or two halo, C1-Cs alkyl, Ci-Cs
haloalkyl, or Ci-Cs alkoxy groups. In various embodiments, each n3 is independently an
integer between 1 and 4 (i.e, 1, 2, 3 or 4). In some embodiments, the Us-Cio aryl is a phenyl
For example, in various embodiments the {Cs-Cio aryl)-{CHz s~ 18 CsHs{CHa b~ optionally
ring substituted with one or two halo, C1-Cs alkyl, €1-Cs haloalkyl, or C1-Cs alkoxy groups.
In an embodiment, the optionally ring substituted {Cs-Cio aryD-(CHo)ws~ is CFi-{sHa
{CHihe— such as CHE-LeHe-CHo— or CF3-Cely—{CHa ). In another embodiment, the

8.
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optionally ring substituted (Cs-Cio aryi{CHadu— 15 CHi{CHais~CeHa—~{CHo Juz—, wherein
nl8 11, 2or3and n2 s 1, 2, 3 or 4, such as CH3{CH »~CosHy—CHo—- or CH{CH: 3-CoHy—
(CHa o

[0135] In various embodiments of Fornula (1), A' and A? are each independently
a {{3-Cy cycloalkyD-(CHo)us— optionally ring substituted with 1 or 2 C1-Ce alkyl groups. In
various embodiments, each nd is independently an integer between O and 4 (12, 0,1, 2, 3 or
4). In some embodiments, the C3-Cx cycloalkyl is a cyclohexyl or eyclopentyl. For example,
in various embodiments the (Cs-Cs cycloalkyD-(CHo)ua— 158 CoHy—(CHz ue— optionally ring
substituted with 1 or 2 C1-Cs alkyl groups, such as CeHu—(CHz)—, CoHyi—(CHa)s— or CH—
CsHio—{CHa )~

[0136] Alternatively, in other embodiments of Formula (I}, A' and A” join
together with the atoms to which they are bound to form a 5- {o 6-membered cyclic acetal
substituted with 1 or 2 Cs-Cio alkyl groups. For example, in an embodiment, A' and A” join

together with the atoms to which they are bound to form a 6-membered cyclic acetal that 15

ring substituted with 2 Ce alkyl groups as follows: . In another
embodiment, A' and A® join together with the atoms to which they are bound to form a $-
membered cvclic acetal that i ring substituted with 2 Cg alkyl groups as
NP N &) 5
N -
Q

follows: W

[8137] In one embodiment, the disclosed lipid nanoparticles include an tonizable
lipid. The iontzable hipid typically includes an aming-containing groep on the head group.
In various embodiments, the ionizable hipid 15 a compound of the Formula (I}, In some
embodiments, the onizable lipid is present in the lipid nanoparticle at 35, 45, 50, or 65 mole
percent, based on total moles of components of the lipid nanoparticle.  In another
embodiment, the ionizable lipid is present at about 33 mol % to about 36 mol %, based on

total moles of components of the lipid nanoparticle. In vet another embodiment, the
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ionizable lipid 1s present at about 35 mol %, based on total moles of components of the lipid
nanoparticle.

[0138] Additional embodiments relate to a lipid nanoparticle composition
comprising. an ionizable lipid; a phospholipid; a polyethylene glycol-lipid; a cholesterol; and
optionally a nucleic acid. In some embodiments, the ionizable lipid comprises a structure
according to any one of Formulas (1), (Ia}, (1), (1a), (Iib}, and (Iic). In some embodiments,
the amount of ionizable lipid is present in the range of about 35 to 65 mole percent, based on

total moles of components of the lipid nanoparticle.

3. Sterols

{8139 in some embodiments, the disclosed lipid nanoparticles include one or
more sterols. In one embodiment, the sterol 15 cholesterol, or a variant or dertvative thereof.,
In some embodiments, the cholesterol 15 modified, for example oxidized. Unmodified
cholesterol can be acted upon by enzymes to form vanants that are side-chain ot ting
oxidized. The cholesterol can be oxidized on the beta-ring structure or on the hydrocarbon
tail structure. Exemplary cholesterols that are considered for use o the disclosed lipid
nanoparticles include but are not limited to 25-hvdroxycholesterol (23-CH), 200-
hydroxycholesterol  (200-OH), 27-hvdroxychoelesterol, 6-keto-Sa-hydroxycholesterol, 7-
ketocholesterol, 7B-hvdroxycholesterol, To-hydroxycholesterol, 7B-25-dihydroxycholesterol,
beta-sitosterol, stigmasterol, brassicasterol, campesterol, or combinations thereof, In one
embodiment, side-chain oxidized cholesterol can enhance cargo delivery relative 1o other

cholestero! variants. In one embodiment, the cholestero! 1s an unmodified cholesterol.

4, PEG-Lipids

[8140] In some embodiments, the disclosed nanopasticle compositions also
include one or more PEG or PEG-modified lipids. Such lipids may be alternately referred to
as PEGylated lipids or PEG-lipids. Inclusion of a PEGylating lipid can be used to enhance
lipid nanoparticle colloidal stability in vitro and circulation time in vivo., In some
embodiments, the PEGylation is reversible in that the PEG moiety 1s gradually released in
blood circulation. Exemplary PEG-lipids mclude but are not limited to PEG conjugated to

saturated or unsaturated alkyl chains having a length of (s-Cy PEG-modified
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phosphatidylethanolamines, PEG-modified phosphatidic acids, PEG-modified ceramides
(PEG-CER), PEG-modified dialkylamines, PEG-modified diacylglycerols (PEG-DAG),
PEG-modified dialkylglvcerols, and muixtures thereof For example, a PEG lipid may be
PEG-c-BOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPE, PEG-DSG or a PEG-
DSPE tipid.

5, Phospholipids

[8141) The phosphelipid component of the nanoparticle may include one or more
phospholipids, such as one or more {(polyyunsaturated lipids. The phospholipids may
assemble into one or more lipid bilayers. In some embodiments, the phospholipids may
nclude a phospholipid moiety and one or more fatty acid moieties.

[0142] In some embodimuents, the phospholiptd moiety ncludes but 18 not himuted
{0 phosphatidy]l choline, phosphatidyl ethanolamine, phosphatidyl glveerol, phosphatidyl
sering, phosphatidic acid, 2-lysophosphatidvl choline, and sphingomyelin.  In some
embodiments, the fatty acid moiety mcludes but s not limited to lauric acid, myristic acid,
mynistoleic acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid, alpha-
linolenic acid, erucic acid, phytanic acid, arachidic acid, arachidonic acid, eicosapentaenoic
acid, behenic acid, docosapentaenoic acid, and docosahexaenoic acid. Non-natural species
meluding natural species with modifications and substiutions ncluding  branching,
oxidation, cyclization, and alkynes are also contemplated. For example, a phospholipid may
be functionalized with or cross-linked to one or more alkynes (e.g., an alkenyl group in which
one or more double bonds is replaced with a triple bond). Under appropriate reaction
conditions, an alkyne group may undergo a copper-catalyzed cycloaddition upon exposure to
an azide  Such reactions may be useful m functionalizing a lipid biayer of a nanoparticle
composition to facilitate membrane permeation or cellular recognition or in conjugating a
nanoparticle composition 1o a usefuf component such as a targeting or imaging moiety (.2, a
dye}.

[0143] Exemplary phospholipids include but are not himited to 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPCY, 1,2-disleoyl-sn-glycero-3-phosphoethanclamine
(DOPE), 1,2-dilinoleoyl-su-glycero-3-phosphocholine (DLPC), 1,2-dimvristoyl-su-glycero-
phosphocholine  (DMPC),  1,2-dicleovl-su-glycero-3-phosphocholine (DOPCY,  1,2-

8-
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dipalmitoyl-su-glycero-3-phosphocholine {(DPPRC), 1,2-diundecanoyl-su-glycers-
phosphocholine (DUPC), bpalmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-di-
0-octadecenyl-su-gly cero-3-phosphocholine (18.0 Dhether PCy, 1-olepyl-2-
cholesterylhemisuccinoy  l-sm-glyecers-3  -phosphocholine (OChemsPC), 1-hexadecyl-sn-
glycero-3-phosphocholine {16 Lyso PC), 1,2-dibinclenoyl-su-glycerc-3-phosphocholine,
1,2~-diarachidonoyl-sn-glycero-3-phosphocholine, 1,2-didocosahexaenovl-su-glycero-3-

phosphocholine, 1 2-diphytanovl-sn-glycero-3-phosphosethanolamine (ME 160 PE), 12-

distearoyl-sn-glycero-3-phosphoethanclamine, 1,2-dilinoleovyl-su-glycero-3-
phosphoethanolamine, 1,2-dilinolenoyl-su-glycero-3-phosphoethanclamine, 1,2-
diarachidonoyl-sn-glycero-3-phosphoethanclamine, i,2-didocosahexaenovl-su-glycero-3-

phosphoethanolanune, 1,2-dioleovl-sn-glycerc-3-phospho-rac<{1 -glycerol} sodium salt
(DOPG), dipalmuoylphosphatidyvlglycerol (DPPG),
palmitovioleoylphosphatidylethanolamine  (POPE), distearoyvl-phosphatidyl-ethanolamme
(DSPE), dipalmitoyl phosphatidyl ethanolamine (DPPE), dimvristoylphosphoethanolamine
(DMPE), 1-stearoyi-2-oleoyl-phosphatidy  ethanolanune (SOPE), 1-stearoyl-2-oleovl-
phosphatidyicholine (SGPC), sphingomyelin, phosphatidyicholine,
phosphatidylethanolamine, phosphatidyiserine, phosphatidylinositol, phosphatidic  acid,
palnutoyloleoyt phosphatidvicholine, tysophosphatidylcholine,
lysophosphatidylethanolamine (LPE). In a preferred embodiment, the phospholipid s DSPC.
In another embodiment, the phosphohipid 1s DMPC.

E. Carge
{0144 In one embodiment, the disclosed hipid nanoparticle composiitons mclude

a therapeutic or prophylactic agent for delivery to a subject. In some embodiments, the
therapeutic or prophylactic agent 15 encapsulated by the hipid nasoparticle.  In one
embodiment, the lipid nanoparticles are loaded with one or more nucleic acids.

[0145] Representative nucleic  acids  include but are not limited to
deoxyribonucleic acid (DNA), ribonucleic acid (RNA) RNA, DNA, single-stranded RNA,
single-stranded DNA, double-stranded RNA, double stranded DNA, triple-stranded DNA,
siRNA, shRNA, sgRNA, mRNA, miRNA, and antisense DNA.  In an embodiment, the
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nucleic acid s siRNA, miRNA, mRNA, expressing DNA| anti-sense oligonucleotide, or
mmunostimulatory oligenucleotide.

[8146] CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)
based gene editing requires two components: a guide-RNA and a CRISPR-associated
endonuclease protein {(Cas}. The guide RNA directs the Cas nuclease to the specific target
DNA sequence. Cas then creates a double-strand break in the DNA at that site. In one
embodiment, the disclosed lipid nanoparticles can be used to carry the components required
for CRISPR-based gene editing. In one lipid nanoparticle, the nucleic acid cargo s a guide-
RNA. In such an embodiment, a second lipid nanoparticle can contain nucleic acid cargo
that encodes an RNA-guided endonuclease. The two lipid nanoparticles can be administered
together. Exemplary RNA-guided endonucleases include but are not limited to Cas®, CasX|
Cas¥, Cas13, or Cpfl.

[0147] In one embodiment, the cargo 1s SIRNA. Short Interfering RNA (51RNA)
is a double-stranded RNA that can induce sequence-specific post-transcriptional gene
stlencing, thereby decreasing or even inhibiting gene expression. In one example, an siRNA
friggers the specific degradation of homologous RNA molecules, such as mRNAs, within the
region of sequence identity between both the SiRNA and the target RNA. For example, WO
02/44321 discloses siIRNAs capable of sequence-specific degradation of target mRNAs when
base-paired with 3' overhanging ends, herein imcorporated by reference for the method of
making these stRNAs. Sequence specific gene silencing can be achieved in mammalian cells
using synthetic, short double-stranded RN As that mumic the siRNAs produced by the enzyme
dicer (Elbashir, et al. (2001} Nature, 411:494 498) (Ui-Tey, et al. (2000) FEBS Leit 479.79-
82.

[0148] In one embodiment, the cargo is messenger RNA (mRNA}. Messenger
RNA 15 g single-stranded RNA that can be translated into the protein 1t encodes using cellular
protein synthesis machinery once the carge reaches the cell cytoplasm. Translation and
stability of mRINA ¢an be affected by modifications of the 3° and 37 UTR which s
responsible for recruiting RNA binding proteins and microRNAs, which can all have an
effect on transiational activity (Sahin, et al (2014) Nat Rev Drug Disco 13 759-580) (Kartko

et al (2008} Mol Ther 11:1833-1840).
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[0149] in one embodiment, the lipid nanoparticle contains less then 1.0 mg/ke
mhibitory nucleic acid. The nanoparticle can coniain 1.0, 0.9, 0.8, 0.7, 0.6, or 0.5 mg/kg
inhibitory nucleic acid. In another embodiment, the bipid nanoparticle containg 0.5 mg/kg
mhibitory nucleic acid. This is an advantage over current technology in which nanoparticles
require high doses of nucleic acid (> 1 mg/ke) to achigve gene silencing, doses of which are
not approve for human delivery. The disclosed technology can achieve gene silencing using
0.5 meg/kg inhibitory nucleic acid in a lipid nanoparticle that does not include targeting
figands.

(6159 in some embodiments, the nucleic acids, including but not himited to
cligonuclectides, are modified or include one more modified nucleotides to increase stability,
half-life, and/or nuclease stability. To limit nuclease sensitivity, the native phosphodiester
oligodeoxyribonucleotide, native  phosphodiester  oligonibouucleotide,  ribonucleotide
polymers, and deoxyribonucleotide polymers can nclude one more different modifications.
Exemplary modifications, include but are not limited to phosphorothioate (PS) bonds, 2"-0
Methyl (2'OMe), 2' Fluoro bases, inverted dT and ddT, phosphorylation of the 3'end of
oligonucleotides, locked nucleic acids, and ncluding a phosphoramidite C3 Spacer.

{61511 The phosphorothioate bond substitutes a sulfur atom for a non-bridging
oxygen i the phosphate backbone of an oligonucleotide. Approximately 50% of the time
(due to the 2 resulting stereosomers that can form), PS medification renders the
mternucleotide linkage more resistant to nuclease degradation. In some embodiments, the
nucleic acids include one or more PS bonds, for example at least 3 PS bonds at the 5" and 3
oligonuclectide ends to nhibit exonuclease degradation.  Some nucleic acid include PS
bonds throughout the entire oligonucleotide to help reduce attack by endonucleases as well.

[81582] A natorally occurting post-transcriptional modification of RNA, 2'0Me 15
found m tRNA and other small RNAs. In some embodiments, the nucleic acids or
oligonuclectides are directly synthesized to contain 2'OMe. This modification increases the
Tm of RNARNA duplexes, but results in only small changes in RNADNA stability. It
prevents attack by single-stranded endonucleases, but not exonuclease digestion. In some
embodiment, these nucleic acids or oligonuclectides are also end blocked DNA

oligonuclectides that include this modification are typically 5- to 10-fold less susceptible to
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DNases than unmodified DNA. The 2'0Me modification 13 commonly used in antisense
oligonucleotides as a means to increase stability and binding affinity to target transcripts.

[8153] 2-Fluoro bases have a fluorine-modified ribose which increases binding
affimty {Tm} and also confers some relative nuclease resistance compared to native RNA.
In some embodiments, the nucleic acids or oligonucleotides include 2' fluore bases in
conjunciton with PS-modified bonds.

[6154] fnverted dT can be incorporated at the 3’ end of an oligonucleotide,
leading to a 3'-3' linkage that will inlubit degradation by 3' exonucleases and extension by
DNA polymerases. In addition, placing an mverted, 2,3 dideoxy-dT base (§' Inverted ddT)
at the 5’ end of an oligonucleotide prevents spuricus ligations and may protect against some
forms of enzymatic degradation.

[0155] Sore erabodiments provide nucleic acids or oligonucleotides that include
a phosphoramadite C3 Spacer.  The phosphoramidite C3 Spacer can be incorporated
mternally, or at either end of an oligo to mitroduce a long hydrophilic spacer arm for the
attachment of fluorophores or other pendent groups. The 3 spacer also can be used to
wohibit degradation by 3' exonucleases.

[6156] In some embodiments, the nucleiw acids or oligonucleotides include
locked nucleic acids. Locked nucleic acids mclude modified RNA nucleotides in which the
2-03 and 4'-C atoms of the ribose are joined through a methviene bridge This additional
bridge himits the flexabibity normally associated with the ring, essentially locking the
structure into a rigid conformation. LINAs can be mserted mto both RNA and DNA
oligonucleoctides.

[8157] Other types of cargo that can be delivered via the disclosed nanoparticles
melude but are not limited to chemotherapeutic agents, cvtotoxic agents, radicactive ions,
small molecules, proteins, polynacleotides, and nucleic acids.

[8158] Representative chemotherapeutic agents include, but are not himited to
amsacrine, bleomyein, busulfan, capecitabine, carboplatin, carmustine, chlorambucil,
cisplatin, cladribine, clofarabine, crisantaspase, cvclophosphamide, cvtarabine, dacarbazine,
dactinomycin, daumorubicin, docetaxel, doxorubicin, epirubicin, etoposide, fludarabine,
fluprouracil, gemcitabine, hydroxycarbamide, idarubicin, ifosfamide, innotecan, leucovorin,

liposomal doxorubicin, liposomal daunorubicin, lomustine, melphalan, mercaptopuring,
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mesna, methotrexate, mitomycin, mitoxanirone, oxaliplatin, paclitaxel, pemetrexed,
pentostatin, procarbazine, raltitrexed, satraplatin,  streptozocin, tegafur-uraci,
temozolomide, temiposide, thiotepa, Uoguanine, topotecan, tregsuifan, vinblastine,
vincristine, vindesine, vinorelbine, or a combination thereof. Representative pro-apoptotic
agents include, but are not limited to fludarabinetaurosporine, cyclohexinmuide, actinomycin B,
lactosylceramide, 15d-PGI{(2) and combinations thereof

[6159] Some embodiments relate to a method of delivering a nucleic acid to a
subject 1n need thereof, comprising administering to the subject a lipid nanoparticle
composition as described herein. In some embodiments, the nucleic acid 15 siRNA, miRNA,

mRNA, expressing DNA, anti-sense oligonucleotide, or immunostimulatory oligonucleotide.

B. Exemplary Lipid Nanoparticle Formulations

[0160] In one embodiment, the lipid nanoparticle formulation includes about 30
mol % to about 70 mol % ionizable lipid, about S mel % to about 25 mol % phospholipid,
about 25 mol % to about 45 mol % cholesterol, and about 0 mol % to about 5 mol % PEG-
hipid. In another embodiment, the lipid navoparticle formulation mclude about 45 mol %
wonizable hipid, about 9 mol % phospholipid, about 44 mol % cholesterol, and about 2 mol %
PEG-lipid. In another embodiment, the hipid nanoparticle forraulation include about 50 mol
% 1onizable hipid, about 2 mol % phospholipid, about 38 mol % cholesterol, and about 3 mol
Yo PEG-lipid.

[0i61] One embodiment provides a lipid nanoparticle formulation including
about 40 mol % to about 60 mol % 1onizable lipid of Formula (I}, about § mol% to about 15
mol % 1-2-distearoyl-sn-glycero-3-phosphocholine, about 1 mol % to about 5 mol %
CiaPEGaooe, and about 30 mol % to about 47 mol % cholesterol, based on the total moles of
these four ingredients.

[0162] Another embodiment provides a lipid nanoparticle formulation inchiding
50 mol % ionizable lipd of Formula (1), 9 mol % 1-Z-distearovi-sn-glycers-3-
phosphocholine, and 3 mol % CisPEGz000. 38 mol % cholesterol, based on the total moles of

these four ingredients.
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[0163] Another embodiment provides a lipid nanoparticle formulation in which
the mass ratio of (ionizable lipid, cholesterol, lipid-PEG, and phospholipidymRNA is

between about 2:1 and 50:1.

C. Pharmaceutical compositions

[0164] Pharmaceutical compositions including the disclosed lipid nanoparticles
are provided. The lipid nanoparticle compositions can be formulated in whole or in part as
pharmaceutical compositions.  Pharmaceutical compositions may include one or more
nanoperticle compositions. For example, a pharmaceutical composition may include one or
more nancparticle compositions including one or more different therapeutic and/or
prophylactics including but not limited to one or more nucleic acids of different types or
encode different agents. In some embodiments the pharmaceutical compositions include one
or more pharmaceutically acceptable excipients or accessory ingredients including but not
hinuted to a pharmaceutically acceptable carrier.

[6165] Pharmaceutical compositions  containing  the uvanoparticles can be
formulated for admimstration by parenteral (intramuscular, intraperiioneal, intravenous (IV)
or subcutaneous wnjection), transdermal (either passively or using iontophoresis or
electroporation), or transmucosal (nasal, vagmal, rectal, or sublingual) routes of
administration or using bhioerodible mserts and can be formulated n dosage forms
appropriate for each route of administration.

[8166] In some in vivo approaches, the nanoparticle compositions disclosed
herein are administered to a subject in a therapeutically effective amount. As used herein the
term “effective amount” or “therapeutically effective amount” means a dosage sufficient to
freat, inhubit, or alleviate one or more sympioms of the disorder being treated or o otherwise
provide a desired pharmacologic and/or physiologic effect. The precise dosage will vary
according to a vanety of factors such as subject-dependent variables {eg, age, mmune
system health, eic ), the disease, and the treatment being effected.

[8167] For the disclosed nanoparticles, as further studies are conducted,
mformation will emerge regarding appropriate dosage levels for treatment of varicus
conditions in various patients, and the ordinary skilled worker, considering the therapeutic

context, age, and general health of the recipient, will be able to ascertain proper dosing. The
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selected dosage depends upon the desired therapeutic effect, on the route of administration,
and on the duration of the treatment desired. For the disclosed nanoparticles, generally
dosage levels of ¢.001 mg to 5 mg of nucleic acid per kg of body weight daily are
administered to mammals.  More specifically, a preferential dose for the disclosed
nanoparticles 1s 0.01 mg / kg to 0.25 mg/kg . For the disclosed nanoparticles, generally
dosage levels of 0.2 mg to 100 mg of the four components (ionizable lipid, cholestersl, PEG-
lipid, and phospholipid) / kg of body weight are administered to mammals. More specifically,
a preferential dose of the disclosed nanoparticles 1s 0.05 mg / kg to 0.5 mg / kg of the four
components / kg of body weight.

[8168) in certain embediments, the lipid nanoparticle composition is administered
locally, for example by injection directly into a site to be treated. Typically, the mjection
causes an increased localized concentration of the lipid vanoparticle composition which s
greater than that which can be achieved by systemic adoumistration. The lipid nanoparticle
compositions can be combined with a matrix as described above to assist in creating an
mereased localized concentration of the polypeptide compositions by reducing the passive

diffusion of the polvpeptides out of the site {o be treated.

1. Formulations for Parventeral Administration

[0169] In some embodiments, the nanoparticle compositions disclosed herein,
meludimg those containing hipid nanoparticles, are administered 10 an aqueous solution, by
parenteral injection. The formulation may also be in the form of a suspension or emulsion.
In general, pharmaceutical compositions are provided including effective amounts of a lipid
nanoparticle, and optionally include pharmaceutically acceptable diluents, preservatives,
solubilizers, emulsifiers, adjuvants and/or carriers. Such compositions optionally mclude one
or more for the following: diluents, sterile water, buffered saline of various buffer content
{e.g., Tris-HCL, acetate, phosphate), pH and ionic strength; and additives such as detergents
and solubilizing agents (e.g., TWEEN 20 {polysorbate-20}, TWEEN 80 (polysorbate-80)},
anti-oxidants {e.g., ascorbic acid, sodium metabisulfite}, and preservatives {e.g., Thimersol,
benzyl alcshol) and bulking substances (e g., lactose, mannitol). Examples of non-aqueous
solvents or vehicles are propylene glycol, polyethylene glycol, vegetable oils, such as olive

oil and corn otl, gelatin, and jectable organic esters such as ethyl oleate. The formulations
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may be lyophilized and redissolved/resuspended immediately before use. The formulation
may be sterilized by, for example, filtration through a bacteria retaining filter, by
incorporating sterilizing agents into the compositions, by rradiating the compositions, or by

heating the compositions.

2. Controlled Delivery Polvimeric Matrices

[6179] The lipid nanoparticles disclosed herein can also be administered in
controlled release formulations. Controlled release polymeric devices can be made for long
term release systemucally following implantation of a polymeric device {rod, cylinder, film,
disk) or injection (muicroparticles). The matrix can be in the form of microparticles such as
microspheres, where the agent 1s dispersed within a solid polymeric matrix or microcapsules,
where the core 15 of a different material than the polymeric shell, and the peptide 1s dispersed
or suspended in the core, which may be liquid or solid in nature. Unless specifically defined
herein, mucroparticles, microspheres, and oucrocapsules are used interchangeably.
Alternatively, the polymer may be cast as a thin slab or film, ranging from nanometers to
four centimeters, a powder produced by grinding or other standard techniques, or even a gel
such as a hydrogel.

(0171} Either non-biodegradable or biodegradable matrices can be used for
delivery of lipid nanoparticles, although in some embodiments biodegradable matrices are
preferred.  These may be unatural or synthetic polymers, although syuthetic polymers are
preferred i some embodiments due 1o the betier characterization of degradation and release
profites. The polymer 1s selected based on the period over which release is desired. In some
cases, limear release may be most useful, although in others a pulse release or “bulk release”
may provide more effective results. The polymer may be i the form of a hydrogel {typically
mn absorbing up to about 90% by weight of water), and can optionally be crosshinked with
multivalent ions or polymers.

{0172} The matrices can be formed by solvent evaporation, spray drying, solvent
extraction and other methods known to those skilled in the art. Bigerodible microspheres can
be prepared using any of the methods developed for making microspheres for drug delivery,

for example, as described by Mathiowitz and Langer, J. Controlled Release, 5:13-22 (1987);
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Mathiowitz, et al., Reactive Polymers, 6:275-283 (1987); and Mathiowitz, et al, J. Appl
Polymer Sci., 35:755-774 (1988).

[8173] The devices can be formulated for local release to treat the area of
implantation or injection — which will typically deliver a dosage that is much less than the
dosage for treatment of an entire body — or systemic delivery. These can be implanted or

mjected subcutaneously, into the muscle, fat, or swallowed.

. Methods of Manufacturing Linid Nanoparticles

[0174] Methods of manufacturing lipid nanoparticles are known inthe art. In one
embodiment, the disclosed lipid nanoparticles are manufactured using microfluidics.  For
exemplary methods of using microfluidics to form lipid nanoparticles, see Leung, AKK, et
al., J Phys Chem, 116:18440-18450 (2012}, Chen, D, et al., J Am Chem Soc, 134:6947-6951
(2012}, and Belliveau, NM,, et al, Molecular Therapy- Nucleic Acids, 1. €37 {2012).
Briefly, the cargo, such as an oligonucleotide or siRNA, is prepared in one buffer. The other
lipid nanoparticle components {iomzable lipid, PEG-lipid, cholesterol, and DSPC) are
prepared 1o another buffer. A syringe pump mtroduces the two solutions wnto a nucrofluidic
device. The two solutions come nto contact within the microfluidie device to form lipid
nanopariicles encapsulating the cargo.

[6175] Methods of screening the disclosed lipid nanoparticles are discussed in
International Patent Application No. PCT/US/2018/058171, which s ncorporated by
reference in s entirety. The screening methods characterizes vehicle delivery formudations
to identify formulations with a desired tropism and that deliver functional cargo to the
cytoplasm of specific cells. The screening method uses a reporter that has a functionality that
can be detected when delivered to the cell. Detecting the function of the reporter 1n the cell
indicates that the formulation of the delivery vehicle will deliver functional cargo to the cell.
A chemical composition identifier is included in each different delivery vehicle formulation
to keep track of the chemical composition specific for each different delivery vehicle
formulation. In one embodiment, the chemical composition identifier is a nucleic acid
barcode. The sequence of the nucleic acid bar code 15 paired to the chemical components
used to formulate the delivery vehicle in which 1t is loaded so that when the nucleic acid bar

code 15 sequenced, the chemical composition of the delivery vehicle that delivered the
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barcode is identified. Representative reporters include, but are not limited to siRNA, mRNA,
nuclease protein, nuclease mRNA, small molecules, epigenetic modifiers, and phenotypic

modifiers.

K, Methods of Use

[0176] Methods of using the disclosed lipid nanoparticles to deliver cargo, for
example nucleic acids, to specific cells or organs are disclosed herein. In some
embodiments, the nanoparticles deliver therapeutic or prophylactic agents to specific cells or
organs in a subject in need thereof in the absence of a targeting ligand. In another
embodiment, the disclosed lipid nanoparticles are useful to treat or prevent diseases in a
subject in need thereof.

(8177} In some embodiments, the disclosed nanoparticles are delivered directly to
the subject. Tn other embodiments, the lipid nanoparticles are contacted with cells ex vive,
and the treated cells are administered to the subject. The cells can be autologous cells, for
exarmple immune cells mcluding but not himited to T cells or cells that differentiate into T
cells. Tn some embodiments, the disclosed lipid nanoparticles may be used as vehicles for

adoptive cell transfer.

1. Methods of Delivering Carge o Cells

[0178] Methods of delivering a therapeutic and/or prophylactic nucleic acids to a
subject in need thereof are provided herein.

[6179] In some embodiments, the disclosed lipid nanoparticle composition targeis
a particular type or class of cells {eg., cells of a particular organ or system thereof). For
example, a nanoparticle composition mcluding a therapeutic and/or prophylactic of interest
may be specifically delivered to immune cells in the subject. Exemplary immune cells
include but are not limited to CD&+, CD4+, or CDEACD4+ cells. In other embodiments, the
lipid nanoparticies can be formulated to be delivered in the absence of a targeting hgand to a
mammalian liver hepatocytes, liver immune cells, spleen T cells, or lung endothelial cells.
Specific delivery to a particular class or type of cells indicates that a higher proportion of
lipid nanoparticles are delivered to target type or class of cells. In some embodiments,

specific delivery may result in a greater than 2 fold, 5 fold, 10 fold, 15 fold, or 20 fold



WO 2021/141969 PCT/US2021/012282

increase in the amount of therapeutic and/or prophylactic per 1 g of tissue of the targeted

destination.

2. Methods of Gene Resulation

[0180] Methods of using the disclosed hpid nanoparticles for gene regulation are
provided herein. In one embodiment, the lipid nanoparticles can be used for reducing gene
expression in a target cell in a subject in need thereof. The lipid nanoparticle can deliver the
mhibitory nucleic acid to the target cell in the subject without a targeting ligand. The
mhibitory nucleic acid can be siRNA

[8181) Another embodiment provides methods of using the disclosed lipid
nanoperticles for editing a gene n a cell in a subject in need thereof.

[0182] In one embodiment, the cell that is targeted for gene regulation 18 an
mnmune cell. The immune cell can be a T cell, such as CDB8+ T cell, CD4+ Toeell, or T
regulatory cell. Other exemplary tmumune cells for gene editing 1nclude but are not limited to
macrophages, dendritic cells, B cells or natural killer cells. Tn some embodiments, the cell
that 1s targeted for gene regulation 1 a hepatocyte.

[6183] Exemplary genes that can be targeted mclude but are not limited to T cell
receptors, B cell receptors, CTLA4, PD1, FOXO1, FOX03, AKTs, CCRS, CXCR4, LAGS,
TIM3, Killer immunoglobulin-like receptors, GITR, BTLA, LFA-4, T4, LFA-1, Bp35,
CD27L receptor, TNFRSFE, TNFRSFS, (D47, CDS2, ICAM-1, LFA-3, L-selectin, Ki-24,
MBI, B7, B70, M~-CSFR, TNFR-IL, IL-7R, OX-40, CD137, CBI37L, CDB30L, CD40L, Fasl,,
TRAIL, CD257, LIGHT, TRATL-R1, TRAILR2, TRAIL-R4, TWEAK-R, TNFR, BCMA,
R7DC, BTLA, B7-H1, B7-H2, B7-H3, ICOS, VEGFR2, NKG2D, JAGI, GITR, CD4,
CCR2, GATA-3, MTORCE, MTORCZ, RAPTOR, GATOR, FOXP3, NFAT, HL.2R, and IL7.
{ther exemplary genes that can be targeted include but are not limited 1o OCT, GoPase, Mut,
PCCA, PCCB, and PAH.

[0184] Exemplary tumor-associated antigens that can be recognized by T cells
and are contemplated for targeting, imclude but are not limited to MAGEL, MAGE3,
MAGES, BAGE, GAGE, NYESO-1, MARTI/Melan A, MCIR, GP100, tyrosinase, TRP-1,
TRP-2, PSA, CEA, Cyp-B, Her2/New, hTERT, MUCI, PRAME, WT1, RAS, CDK-4,
MUM-1, KRAS, MSLN and f-catenin.
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3. Subijects to be Treated

[8185] in some embodiments, the subjects treated are mammals experiencing
cancer, autoimmune disease, infections disease, organ transplant, organ failure, protein
deficiency, or a combination thereof In an embodiment, the subject is a human. In some
embodiments, the methods described herein may cause hepatocytes to translate certain
protemns. In some embodiments, the methods described herein may be used to deliver one or

more DNA, mRNA, sgRNA, or siRNA to a hepatocyie.

EXAMPLES

[8186] General notes: All reactions were run using anhydrous grade solvents
under an atmosphere of nitrogen 1 flasks or vials with magnetic stirring, unless otherwise
noted. Anhydrous solvents were purchased from Sigma-Aldrich and used as received. Flash
column chromatography was performed using a Biotage Selekt or Teledyne-Isco Combiflash
Nextgen300+ with prepacked Biotage Sfar silica gel cartridges. Thin laver chromatography
was performed using Merck silica gel 60 plates, and compounds were visualized using
wdine. Nuclear magnetic resonance {(NMR) spectroscopy was performed using a Varian
INOVA 3500 MHz specirometer; chenical shifts are reported in § parts per mithion {ppm}
upfield of tetramethylsilane, referenced to residual solvent peak of CHCl: at & = 7.26 ppm.
Liguud chromatography-mass spectrometry (LCMS) was performed using a Waters Acquity
UPLC H-class Plus with QDa detector (ESE equipped with a Waters Acquity UPLC BEH
C18 column {130 A, 1.7 pM, 2.1 mm x 50 mm). Compounds were analyzed using one of the
following general LCMS methods. Method A solvent A = water + 0.1% formic acid, solvent
B = acetonirile; gradient from 90%A, 10%B to 5%A, 95%B over 3 munutes, then hold at
95%B for 2 mmutes, then ramp back to 10%B over T minute; flow rate = 0.5 mL/mun
Method B: Column- XTERRA RP 18 (4.6 x 50 mmy), 5p, (mobile phase: initally 50% {0.1%
HCOOH in WATER] and 50% [0.1% HCOOH in (76:30y ACN: THF]; then o 2% [0.1%
HCOOH in WATER] and 98% [0.1% HCOOH 1w {70:30) ACN: THF] in 2.65 min, held this
mobile phase composition up to 3.75 min, and finally back to initial condition, 1 50%
[0.1% HCOOH in WATER] and 50% [0.1% HCOOH in (70:30) ACN: THF] in 4.90 min,

held this mobile phase composition up to 5.10 mun. Flow =1.2 m{/nun

-4(}-
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LIST OF ABBREVIATIONS
[6187] DCM: dichloromethane
[0188] DIPEA: N N-diisopropylethylamine
[0189] DMAP: 4-{dimethylammo}pyridine
[0194] DMPC: 1,2-Dimyristoyi-sn-glycero-3-phosphocholine
(0191} DSPC: 1,2-Distearoyl-sn-glycero-3-phosphocholine
[0192] EDC: N-(3-Dimethylaminopropvl}-NV'-ethylcarbodiimide hyvdrochloride
(61931 Eq: Equivalents
]

(0194 ESE electrospray 1onization

{61951 LCMS: higuid chromatography-mass spectrometry
[8196] LNP: Lipid navoparticle

[0197] NMR: Muclear magnetic resonance

[0198] PPTS: pynidinium p-toluenesulfonate

[0199] RT: retention time

[62069] Example lipids were prepared according to the synthetic scheme
ilustrated m FIG. 1

(6201 Representative synthetic procedures are illustrated using the preparation of
Example 1 3-({4,4-bis({{Z)-oct-5-en-T-vhoxy butanoyHoxy)-2-{{({ (3~
{diethylammo)propoxy earbonyljoxy ymethylipropyl (92,127 -octadeca-9,1 2-dienoate

[6202] Step 1. 4,4-bis{{{Z}-oct-5-en-1-yloxybutanemirile (Intermediate {a)

\K\/\mray\/‘?’ §

M/é

\g\/, intermediale fa

[06263] The following is representative of General Procedure A: to a vial
contaiming pyridinium p-ioluene sulfonate (0.12 g, 0.48 mmol, 0.05 Eq) was added 4,4~
diethyoxybutanenitrile (1.5 g, 9.5 mmol, 1 Eq} and cis-5-octen-1-0l (3.7 g, 29 mumol, 3 Eq).
The vial was tightly capped, and the resulting mixture was heated at 105 °C for 72 h. After

this time, the mixture was ailowed to cool o room temperature. The crude material was

-41-
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purified by flash column chromatography {106 g silica, 0 to 100% dichlioromethane in
hexanes over 20 minutes). Obtained 4,4-bis({{Z}-oct-5-en-1-yl)oxyibutanenitrile (1.14 ¢, 37
%) as a coforless oil. 'H NMR (500 MHz, Chioroform-d) § 5.43 — 527 (m, 4H), 4.56 (t, J =
5.3 Hz, 1H), 3.61 (dt, J= 9.3, 6.6 Hz, 2H), 3.44 (dt, J= 9.3, 6.6 Hz, 2H), 2.42 (4, J = 7.4 Hz,
2H), 2,12~ 1.91 {m, OH), 1.66 — 1.54 {m, S5H), 1.49 - 1.36 {m, 4H), 0.96 (1, J = 7.6 Hz, 6H).
[0204] Step 2: 4,4-bis{{{Z}-oct-5-en-1-yljoxybutanoic acid (Intermediate [ia}

O
E
C/\/imermedime ta

[8205] The following is representative of General Procedure B: to a vial
containing 4,4-bis{{{Z}-oct-5-en-1-yl)oxy tbutanenitrile (Intermediate I3, 1.14 g, 3.54 mmol, 1
Eq) was added potassium hydroxide {0.60 g, 10.6 mmol, 3 Eq) followed by ethano! (3.5 mL)
and water (3.5 mL). The vial was tightly capped, and the reaction mixture was heated to 110
°C for 18 h. After this time, the mixture was allowed to cool to room temperature. The
mixture was diluted with ethyl acetate (20 mL), and the pH was adjusted to ~3 by the
addition of 1M HCL The resulting biphasic mixture was separated, and the aqueous phase
was extracted two more times with ethyl acetate (2 x 20 mL). The organie extracts were
combined, dried over sodium sulfate, filtered and concentrated to afford 4,4-bis{{{ Z)-oct-5-
en-1-yhoxy)butanoic acid (1.16 g, 96% vield) as a sticky white sohid. 'H NMR (400 MHz,
Chloroform-d) & 5.41 — 5.24 (m, 4H), 4.45 (t, J= 5.6 Hz, 11}, 3.51 (dt, J= 9.0, 6.7 Hz, 2H),
339(dt, /=90, 67 Hz, 2H), 217 (t, J=76Hz, 2H), 208 - 1.98 (mw, 8H), 1 81 {q, /=73
Hz, 2F), 1.59 — 1.52 (m, 4H), 1.44 — 1.32 (m, 4H), 0.94 (1, J= 7.5 Hz, 6H).

[6286] Step 3. 3-hydroxy-2-(hydroxymethyhpropyl {92,127)-octadeca-9,12-
dienocate {Intermediate IT)

NN
O
Q OH

intermediate i HO”
(62671 To a mwxture of  trimethylolmethane (30 g 1 Hg, 28

momol} i dichloromethane (100 mL) was added linoleic acid (7.9 g, 1 Eg, 28 wmmol),

47
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DIPEA (55 g, 74 mbL, 1.5 Eg, 42 mmol), and DMAP (069 g 02 Eg, 57 mmol}
Added EDC (8.1 g, 1.5 Eq, 42 mmol} last, and stirred at 23 °C for 18 h. After thus time, the
reaction mixture was concentrated and purified by flash column chromatography (200 ¢
sifica, 0 to 90% ethyl acetate in hexanes over 20 munuies) Obtained 3-hydroxy-2-
(hydroxymethylipropyl (9Z,12Z}-0ctadeca-9,12-dienoate {2.6 g, 25 %) as a colorless oil. 'H
NMR (500 MHz, Chioroform-d) & 543 - 327 (m, SH), 424 (d, /= 6.3 Hz, 2H), 3.76 {ddt, .J
=21.1,11.1, 5.3 Hz, 4H), 2.77(d, J = 6.8 Hz, 2H), 2.61 — 2.55 (m, 2H), 2.36 — 2.29 {m, 2H),
210 - 198 (m, 6H), 1.66 — 1.58 (m, 2H), 1.41 — 1.21 {m, 12H), 0.92 - 0.85 {m, 3H}.

[6208] Step 4: 3-{{(4,4-s{{{Z}-oct-5-en-1-yyoxy)butanoy Doxy }-2-
(hydroxymethyDpropyl (92,127)-0ctadeca-9,12-dienoate {Intermediate [Va).

PN N

O
| i
M’A\/}!\Q/j/\\ﬂf'i

I/\/\/ X
R GMG
(6]
msﬁ\er/meéiate iVa

[6269] The following 1s representative of General Procedure C: to a mixture of
4,4-bis{{{Z}-oct-5-en-1-vioxy)butanoic acid (Tntermediate Ta, 591 mg, 1 Eq, 1.74 romol}
dichioromethane (16 mLl} was added 3-hydroxy-2-(hydroxymethylipropyl (92,1243-
octadeca-9,12-diencate {Intermediate Hi, 640 mg, I Eq, 1.74 mmol}, DIPEA (673 mg, 504
ul, 3 Eq, 5.21 mmol), and DMAP {(42.4 mg, 0.2 Eq, 347 pmol). Added EDC {666 mg, 2 Eq,
3.47 romol} fast, stirred at 23 °C for 18 h. After this time, the reaction muxture was
concentrated and purified by flash column chromatography (50 g siica, 0 to 40% ethyl
acetate 1o hexanes over 12 column volumes) Obtained 3-({4.4-bis{{{Z}-oct-5-en-1~
yloxybutanoy Doxy-2-(hvdroxymethylipropyl (92,127)-octadeca-9,12-diencate (450 mg,
38 %) as a colorfess oil. 'H NMR (500 MHz, Chloroform-d} § 543 —5.27 (m, 8H), 4.49 (t, J
= 5.5 Hz, 1H), 423 ~ 4.12 (m, 4H), 3.65 ~ 3.60 (m, 2H), 3.58 (dt, J = 9.3, 6.6 Hz, 2H), 3.41
(dt, J =93, 6.6 Hz, 2H), 2.81 ~ 2.73 (m, 2H), 2.41 (¢, J = 7.5 Hz, 2H), 2.32 (dd, /= 7.9, 7.2
Hz, 2H}, 225 - 215 (m, 2H}, 2.12 - 1.97 {m, 12H), 1.94 (ddd, /= 8.0, 7.2, 5.5 Hz, 2H), 1.67
~1.53 {m, 8H), 1.45-1.26 (m, 17H)}, 0.96 (t, J = 7.6 Hz, SH}, 0.92 ~ 0.87 {m, 3H}

-43-
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[6218] Step 5 3-{{4,4-bss{{{ Zy-oct-5-en-1-ylioxy Ybutanoyoxny)-2-{{{(3-
{diethylamino)propoxy earbonyljoxy ymethypropyl (92,127 )-octadeca-9,12-dienoate

(Example 1)

(8211} The following is representative of General Procedure D! 1o a solution of 3-
({4, 4-bis({{£)-oct-3-en-1-yhoxybutanoylioxy }-2-(hydroxymethylpropyl (92,122)-octadeca-
9,12-diencate {(Intermediate IVa, 100 mg, 1 Eq, 145 ymol) in dichloromethane (1 mL) was
added pyridine (22.9 mg, 23.3 ul, 2 Eq, 289 pmol), DMAP (4.42 mg, 0.25 Eq, 36.2 umol},
and 4-nutrophenyl chloroformate (383 g, 2 Eq, 289 umeol). The resulting mixture was
stured tor 1 h at 23 °C. After this time, to 1t was added DIPEA (74.8 mg, 101 pl., 4 Eq, 579
umol) and 3-{diethylammo)propan-1-0l {76.0 mg, 85.9 uL, 4 Eq, 579 pmol}. The resulting
mixture was stirred for an additional 18 h at 23 °C. After this time, the reaction mixture was
dituted with dichloromethane (10 ml), washed with 0.75 M aqueous sodium carbonate
solution (3 x 10 mL}), water {10 mL), and saturated aqueous sodium chioride (10 mL}. The
resulting organic layer was dried over sodium sulfate, concentrated, and the residue purified
by flash columu chromatography (10 g silica, 0 to 25% methanol 1o dichloromethane over 12
minutes}. Obtained 3~{{4,4-bis{{{ Zy-oct-5~en-1-yloxy }butanoyyory )} 2 ({({3-
{diethylammo)propoxy Jearbonyljoxy imethylipropyl (97,127 -cctadeca-9,12-diencate (81
mg, 66 %) as a pale yellow oil. 'H NMR (500 MHz, Chloroform-d) § 543 — 5.27 {m, 8H),
449 (t, J=55Hz 1H}, 422 ~4.11 {m, 8H), 3.57 (dt, /=93, 0.6 Hz, 2H), 3.41 (dt, /=93,
6.6 Hz, 2H), 2.81 — 2.74 (m, 2H), 2.51 {q, J = 7.1 Hz, 6H), 2.45 - 2.36 (m, 3H), 2.31 (dd, J =
80,72 Hz, 2H), 211 — 1.97 {m, 14H), 1.92 (ddd, /=82, 7.1, 5.5 Hz, 2H}, 1.86 - 1.77 (m,
2H), 1.65 ~ 1.53 (m, SH), 1.49 - 1.23 (m, 14H), 1.01 (t, J = 7.1 Hz, 6H), 0.95 {t, J= 7.5 Hz,
6H}, 0.92 — 0.86 (m, 3H). LCMS (Method A} found my/z for (M+H} = 8487 RT = 3.73 min.

-44-
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(62124 Example 20 3-{{4,4-bis{{{Z}-oct-5-en-T-yhioxy ybutanoyoxy -2-{{{4-

AN

pvnohdm i »E)hutanoyl}cxy)methyl)propy (92,127 )-octadeca-9,12-dienoate

\/\)l\ LA

O
C/\/ Example 2

[6213] The following is representative of General Procedure E: to a mixture of 3-
{{4,4-bis({{Z}-oct-S-en-1-yhoxy)butanovhoxy}-2-(hydroxymethylpropyl {97,127)-0ciadeca-
9,12-dienocate (Intermediate 1Va, 78 mg, 1 Eqg, 0.11 mmol} in dichloromethane (1 mL) was
added 4-(pyrrolidin-1-yhbutanoic acid hydrochloride (26 mg, 1.2 Eqg, 0.14 mmol, DIPEA
(73 mg, 98 ul, S Eq, 0.56 mmol), and DMAP (2.8 mg, 0.2 Eq, 23 pmol}. Added EDC (43
rog, 2 Eq, 0.23 mmol} tast, stured at 23 °C for 18 h. Aftet this time, the reaction mixture was
concentrated and purified by flash column chromatography (10 g silica, 0 to 20% methanol
m DCM  over 12 column  volumes) Obtained  3-((4,4-bis({{(Z}-oct-5-en-1-
yioxybhutanoy Hoxy }2-({{4-(pyrrolidin-1-yDbutanoyoxyimethypropyi (97,1273~
octadeca-9,12-diencate {74 mg, 78 %) as a colorless oil. 1 NMR (500 MHz, Chloroform-
dy 6542 528 {m, 8H), 449 (1, J=5.6 He, 1H}, 415~ 410 (m, 6H), 3.57 (dt, /=93, 6.6
Hz, 2H), 3.41 (dt, J = 93, 6.6 Hz, 28D, 2.77 (tdq, 7 = 7.1, 1.4, 0.8 Hz, 2H), 2.57 — 2.43 {m,
6H), 2.43 — 2.35 (m, SH), 2.30 (dd, J = 8.0, 7.2 Hz, 2H), 2.11 — 1.97 (m, 128, 1.92 (ddd, J =
83,72, 56Hez 2H}, 189~ 1.73 (m, 6H), 1.68 ~ 1.52 {m, 8H), 1 48 - 1.24 (m, 16H}, 0.95 {1,
J=76 Hz, 6H), 0.92 - 0.85 {m, 3H). LCMS (Method A} found n/z for (M+H) = 8307 RT
=375

[8214] The following Intermediates Ib-Ih were prepared according to General

Procedure A, varying the alcohol building block

Yf \/O\’/\/ N
1]

\/ intermediate ib
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[8215] Intermediate  1b,  4,4-bis{(3,7-dimethyloct-G-en-1-vijoxy}butanenitrile:

prepared from rac-citronellol on a 2.5 mmol scale, yield 0.87 g {24%).

F
FW’OMN
F F . o
F
Fw intermediate ic
F

F
[0216] intermediate  Ic, 4,4-bis{{4,4,5,5,5-pentafluoropentyloxy tbutanenitrile:

prepared from 4,4,5,5,5-pentafluoropentan-1-ol ona 9.5 mmol scale, yield 1.8 g (45%).

F F N
FN/“\.«/\\/Q\K\//
F F e (@]
F

F W intermediate id
F

F

(02171 Intermediate  Id, 4,4-bis{(5,5,6,6,6-pentatluorchexvijoxy)butanenitrile;

A e ]

prepared from 3,5,6,6,6-pentafluorchexan-1-0l on a 9.5 mmol scale, vield 0.70 g (16%).

% N
Q\;g/\\//’

intermediate Is
[6218] Intermediate Ie, 4,4-b18{(4,4,5,5,6,6,7,7.7-

nonaftuorcheptyDoxy)butanenitrile: prepared frorn 4,4,5.5,6,6,7.7, 7-nonafluoroheptan- -ol

ona 9.5 muol scale, yield 2.0 g (34%).
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[8219] Intermediate  If,  4,4-bis{(7.7,8.8,B-pentafluorooctyljoxybutanenitrile:
prepared from 7,788 8-pentafluorooctan-1-ol on a 9.5 mmol scale, vield 1.6 g (33%) 'H
NMR (500 MHz, Chloroform-d} 6 457 (t, J = 5.3 Hz, 1H}, 3.61 {dt, J= 9.2, 6.5 Hz, 2H)},
3.45 (dt, J = 9.3, 6.5 Hz, 2H), 2.43 (1, J = 7.3 Hz, 2H), 2.09 — 1.91 {m, 6H), 1.65 ~ 1.53 (m,
8H), 1.47 - 1.35 (m, SH).

[8228] Intermediate g, 4,4-bis{4-(trifluoromethyl)phenethoxybutaneniirile:

prepared from {(4-triflucromethyiphenyljethanol on a 9.5 mmol scale, vield 2.2 g (52%).

O
C]\\j intermadiate h

[8221] Intermediate Th, 4,4-bis(3-cyclohexylpropoxvibutanenitrile: prepared from
3-cyclohexylpropan-1-ol on a 9.5 mmol scale, vield 2.3 g (68%).
[0222] The following Intermediates Wb-ilh were prepared from the

corresponding Intermediates Ih-Th according to General Procedure B,
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[8223] Intermediate Hb, 4,4-bis{(3,7-dunethyioct-6-en-1-yhoxyibutanoic acid:
prepared from 4,4-bis((3,7-dimethyloct-6-en-1-yhoxy jbutanenitrile (Intermediate th) ona 2.3
mmol scale, yield 0.88 g (97%). 'H NMR (500 MHz, Chloroform-d) & 5.09 (dddd, J = 7.1,
57,29, L4 Hz, 2H), 451 {t, J= 5.5 Hz, 1), 3.62 (dddd, /= 162, 14.0, 6.9, 1.5 Hz, 2H),
3.45 (ddt, J= 167,92, 67 Hz, 2H), 245 {t, /=73 Hz, 2H), 2.06 - 1.89 {m, 6H), 1.68 (d, J
=14 Hz, 6H), 1.66 ~ 1.52 (m, 8H), 1.42 - 1.29 (m, 5H), 1.16 (dddd, J= 134,98, 78 358
Hz, 3H), 0.89 (dd, J = 6.6, 1.7 Hz, 6H).

F 0O
F N
F\}MOMOH
F E O
Fo
F intermediaie Hle
& F

[0224] Intermediate Ifc, 4,4-b1s{{4,4,5,5,5-pentaflucropentyljoxytbutanoic acid:
prepared from 4,4-b1s{(4,4,5,5, S-pentafluoropentyljoxy)butanenitrile (Intermediate Ic) on a
4.3 mmol scale, yield 1.6 g (83%). 'H NMR (500 MHz, Chloroform-d) 5 4.55 (¢, .J = 5.4 Hz,
1H), 3.65 (dt, J = 9.5, 6.1 Hz, 2H), 3.49 (dt, J = 9.5, 6.1 Hz, 2H), 2.43 (1, J = 7.2 Hz, 2H),
2.22 - 2.06 (m, 4H), 1.92 — 1.82 (m, 6H).

F . o 0
FW \]/\/j\QH
F O
F
i F intermediale lid
£
F F

[0225] Intermediate Hd, 4,4-bis((5,5,6,6,6-pentafluorchexyoxybutancic acid:
prepared from 4,4-bis((5,5,6,6,6-pentafluorchexyljoxy ybutavenitrile (Intermediate Id) on a

1.6 mmol scale, vield 0.53 g (73%:.
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{32261 Intermediate He, 4,4-11s((4,4,5,5,6,6,7,7, T-nonaflucrcheptyjoxythutanoic
acid: prepared from 4.4-bis({4,4,5,5,6,6,7,7, T-nonaftuorcheptyl Joxy ybutanenitrile
(Intermediate Ie) on a 3.3 mmol scale, yield 1.9 g (91%). 'H NMR (500 MHz, Chloroform-d)
6455, .J=55Hz, 1H), 3.65(dt, /=95, 61 Hz, 2H), 3.50 (dt, /=95, 6.1 Hz, 2H), 2.43

(td, J= 7.2, 3.5 Hz, 2H), 2.18 (tt, J = 18.5, 7.8 Hz, 4H), 2.02 - 1.83 {m, 6H).

infermediate I

[6227] Intermediate 1T, 4,4-bis({7,7,8,8,8-pentafluorooctyhoxy)butanoic  acd:
prepared from 4,4-bis((7,7,8,8,8-pentafluorooctyoxy)butaneniirile (Intermediate [f) ona 3.1
mmol scale, vield 1.6 g (96%). 'H NMR (500 MHz, Chioroform-d) § 4.50 (t, J = 5.5 Hz,
1H), 3.57 (dt, J = 9.4, 6.6 Hz, 2H), 3.41 (dt, J = 9.4, 6.6 Hz, 2H), 2.38 (1, J = 7.5 Hz, 2H),
2.08 ~ 1.87 {m, 6H), 1.69 —~ 1.51 {m, 8H), 1.4F —~ 1.38 (m, J= 3.5 Hz, 8H).

O
Hearaa
T S

F
F : intermediate Hg

£ P
F
[6228] Intermediate 1lg, 4,4-bis(4d-(influoromethyliphensthoxybutancic acd:
prepared from 4,4-bis{(4-(irifluoromethyiphenethoxy)butanenitrile (Intermediate Ig) on a 5.0

mmol scale, yield 1.7 g (74%). 'H NMR (500 MHz, Chloroform-d) § 7.52 {d, / = 7.6 Hz, 4H)
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727 (d, J= 7.6 Hz, 4H), 4.49 (, J = 5.5 Hz, 1H), 3.66 {dt, J = 9.4, 6.6 Hz, 2H), 3.53 (dt, J =
9.4, 6.6 Hz, 2H), 2.84 {1, J = 6.6 Hz, 4H), 231 (t, J = 7.3 Hz, 2H), 1.88 (1d, J = 7.4, 5.6 Hz,
2H).

QA/ i
@\(\)k on
0
O\j intermediate ith

[0229] Intermediate Hh, 4 4-bis(3-cvclohexylpropoxy)butancic acid: prepared
from 4,4-bis(3-cyclohexylpropoxy)butanenitrile (Intermediate th) on a 6.5 mmol scale, yield
1.9 2 (79%). 'H NMR (500 MHz, Chloroform-d} 6 4.50 (t, J = 5.5 Hz, 1H), 3.55 (dt, J = 9.3,
6.8 Hz, 2H), 340 (dt, /=93, 6 8 Hz, 2H)}, 241 {t, /=73 Hz, 2H), 1.92 (td, /=74, 5.4 Hz,
2H), 1.76 — 1.49 (m, 14H), 1.33 — 1.06 {m, 12H), 0.94 — 0.73 {m, 4H).

[8238] The following Intermediates IVb—IVh were prepared from the

corresponding Intermediates Hb—1th and Intermediate HY according to General Procedure C.
PN NN

(/\/‘\/\/{Ui s
o;j OH

M\/OY\AO
O
infermediate IVh
=

[8231] Intermediate Vb, 3-({4,4-bis((3,7-dimethyloct-6-en-1-
yljoxy pbutanoyijoxy)-2-thydroxymethyhpropyl (9Z,127)-octadeca-9,12-diencate: prepared
from 4,4-bis{(3,7-dimethyloct-6-en-1-yl}oxy}butanoic acid (Intermediate Iib) on a 1.1 mmol
scale, yield 0.37 g (45%). '"H NMR (500 MHz, Chloroform-d) 8 5.43 — 5.28 (m, 4H), 5.13 -
5.06 (m, 2H), 4.49 (t, J= 5.5 Hz, 1H), 4.23 — 4.12 (m, 4H), 3.68 — 3.55 (m, 4H), 3.50 — 3.38
{m, 2H), 2.80 = 274 (o, 2H), 241 (1, J =75 Hz, ZH), 235 - 2.25(m, 2H), 2.25 = 2.15 {(m,
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2H), 2.10 — 1.89 (m, 10H), 1.74 — 1.66 (m, 6H), 1.66 — 1.51 {m, 12H), 1.44 — 1.23 {m, 18H),
1.22 — 1.11 (m, 2H), 0.96 - 0.84 {m, OH).

F G
Fﬁ\j intermediate Ve

: F

(0232} Intermediate Ve, 3-{(4,4-b1s{{4,4,5,5,5-
pentafluoropenty Doxy jbutanoyloxy}-2-(hydroxymethypropyl (8Z,122)-octadeca~9,12-
dienoate: prepared from 4,4-bis{((4,4,5,5,5-pentafluoropentyyoxybutanoic acid (Intermedhate
Iic) on a 1.4 mmol scale, vield 0.40 g (37%). 'H NMR (500 MHz, Chloroform-d} § 543 —
5.28 (m, 4H), 4.53 (t, J= 5.5 Hz, 1H), 4.23 ~ 4.08 (m, 4H), 3.68 ~ 3.57 (m, 4H), 3.49 (dt, J =
9.5, 6.0 Hz, 2H), 2.80 - 2.74 (m, 2H), 2.40 (t, /=74 Hz, 2H), 2.32 (dd, /= 7.9, 7.2 Hz, 2H),
223-200(m, 11H), 1.99 — 1.81 (m, 6H), 1.68 - 1.55 {(m, 4H), 1.40 - 1.24 (m, 11H), 0.91 -
0.86 (m, 3H).

J,//\A/”\
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[0233] Intermediate vd, 3-{4,4-b15{(5,5,6,6,6-
pentafluorchexylioxy tbutanoyljoxy)-2-(hy droxymethy Dpropyl (8Z,122)-octadeca~9,12-

dienoate: prepared from 4,4-bis({5,5,6,6,6-pentafluorohexy Doxyvibutancic acid (Intermediate

Hid) ona 1.1 mmol scale, yield 0.20 g (23%).

j/\DH

FF o
FW&NQ ke
F_F ¢

F
F\]FL i F intermediate Ve
FLF
F F
[0234] Intermediate Ve, 3-{{4,4-bi3((4,4,5,5,6,6,7,7,7-

nonafluoroheptyl}oxybutanoy Hoxy p-2-(hydroxymethylipropyl (92,122)-octadeca-9,12~
diencate:  prepared from 4,4-bis{{4,4,5,5,06,6,7,7 7-nonafluoroheptyjoxybutancic  acid
{(Intermediate e} on a 1.4 mmol scale, yield 0.50 g (37%). 'H NMR (500 MHz, Chloroform-
dy 6 8543 - 8528 (m, 4H), 4.54 (1, /= 5.5 Hz, 1H), 424 — 4.08 (1, 4H), 3 68 — 3.60 (m, 4H),
351 (dt, 7=95,61 Hz 2H), 280 - 274 (m, 2H), 241 (t, J=7.4 Hz, 2H), 2.32 (dd, /= 8.0,
7.2 Hz, 2H), 2.26 — 2.11 (m, SH), 2.10 — 2.01 (m, SH), 1.99 — 1.84 (m, 6H), 1.65 — 1.59 {m,
ZH), 1.57 (s, ZH), 1.40 — 1.23 (m, 12H), 0.92 — 0.86 {m, 3H).
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[0235] Intermediate IVE, 3-{{(4,4-b1s((7,7,8,8,8~
pentaflucrooctyDoxy batanoy Hoxy }-2-{hydroxymethylpropyl (87,127 -0ctadeca-9,1 2~

diencate: prepared from 4,4-bis{{7,7,8,8 &-pentafluorcoctyljoxybutanoic acid {Intermediate
1y on a 1.1 mmol scale, vield 0.39 g (41%). 'H NMR (500 MHz Chloroform-d} & 5.43 —
528 (m, 4H}, 449 ¢, J=55Hz 1H), 423 ~ 412 (m, 4H}, 3.62(t, J= 59 Hz, 2H), 3.57 (dt,
J=93,65He 2H), 341 (dt, /=93, 6.0 Hz, 2H), 2.81 — 2.74 (m, 2H}, 2.41 (1, /= 7.5 Hz,
2HG, 232 (dd, J= 7.9, 7.2 Hz, 2H}, 2.24 - 2.16 (m, 2ZH), 2.10 —~ 1.89 (m, 12H), 1.66 - 1.57
(m, OH}, 1,46~ 1.24 (m, 21H), 0.92 — 0.86 (m, 3H).

PN
O
|
O
L\E/\GH
0/
F _ o)
F N intermediate Vg
s:\?"/ P
F
02361  Intermediate Vg, 3-((4,4-bis(4-

{irifluoromethyDphenethoxy tbutanoyiloxy }-2~-{(hydroxymethyhpropyl {97,127-octadeca-

9,12-diencate:  prepared  from 4 4-bis{d-(trifluoromethy Dphenethoxylbutancic aad
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(Intermediate Iz} on a 1.4 mmol scale, vield 0.38 g (35%). "H NMR (500 MHz, Chloroform-
d) 8 7.54 —7.50 {m, 44}, 7.29 - 726 (m, 4H}, 543 - 5.28 (m, 4H), 448 {1, J = 5.5 Hz, 1H),
422 —4.06 {m, 5H), 3.69 - 3.62 {m, 2H}, 3.60 (t, J =57 Hz, ZH), 3.57 - 3.47 {m, ZH), 2.85
{t, /= 67 Hz, 4H), 2.80 - 2.74 (m, 2H), 2.38 - 2.23 {m, 4H}, 2.23 - 2.12 {m, ZH), 2.10 -
2.01 {m, 4H), 1.95 — 1.85 {m, 2H), 1.65 — 1.56 {m, 4H}, 1.41 - 1.23 (m, 11H), 6.92 - 0.86
{m, 3H}.

L\E/\GH
O\/\/ Q/
O /\\/L\\ o
8]
Ovr intermediale Vh

(62371 Intermediate  1Vh,  3-{{4,4-bis(3-cyclohexylpropoxylbutanoyhoxy)-2-
(hydroxymethyDpropyl (82,127 -octadeca-9,12-dienoate:  prepared  from  4,4-bis(3-
cyclohexvipropoxyibutancic acid (Intermediate 11h) on a 1.4 mmol scale, yield 0.40 g (41%}
H NMR (500 MHz, Chloroform-d) § 5.43 — 5.28 (m, 4H), 4.49 (1, J = 5.5 Hz, 1H), 423 -
411 (m, 4H), 3.62 (1, /= 5.8 Hz, 2H), 3.55 (dt, /=93, 6.8 Hz, 2H), 3.39 (dt, /= 9.3, 6.8 Hz,
ZH), 277 (und, J=7.0, 1.4, 0.7 Hz, 2H)}, 241 (¢, J= 75 Hz, 2H), 232 {dd, /= 7.9, 7.2 Hz,
2H), 225 — 2,16 {m, 1H), 2.09 — 2.01 {m, 4H), 1.93 {(ddd, /=79, 72, 5.5 Hz, 2H), 1.74 —
1.50 (m, 18H), 1.42 — 1.09 {m, 25H), 0.92 - 0.83 (m, 7H).

62381 The following examples 3-11 were prepared from Intermediate IVa

according to General Procedure D
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[8239] Example 3, 3-((4.4-bis{({Z)-oct-5-en-1-yDoxybutanoyljoxy }-2-(({({(1-
ethyipiperidin-3-ylimethoxy)carbonyhoxy)methyDpropyl  (92,122)-0ctadeca-9,12-dienoate:
prepared from Intermediate {Va and (1-ethylpipenidin-3-ylmethanol on a 0.15 mmol scale,
yield 0.082 g {(66%). 'H NMR (500 MHz, Chloroform-d} § 543 — 527 {m, 8H}, 449 (1, J =
5.6 Hz, 1H), 4.22 — 4.12 (m, 6H), 4.09 — 3.93 (m, 1H), 3.57 (dt, J = 9.3, 6.6 Hz, 2H), 3.41
(dt, /=94, 66 Hz, 2H), 280 - 274 (m, 2H}, 247 - 236 (m, 4H), 2.31 (dd, J=8.0, 72 Hz,
2H), 212 - 1.96 {m, 12H), 1.96 — 1.85 (m, 3H), 1.8§2 - 1.67 (m, 3H}, 1 .67 — 1.51 (m, 10H),
1,48 — 124 {(m, 21H), 1.08{t, /=72 Hz, 3H), 0.96 {t, /= 7.6 Hz, GH), 0.92 — 0.85 {m, 3H).
LCMS (Method A): found mv/z for (M+H) = 860.6, RT =375 mun.

O
U\/ Example 4

[02440] Example 4, 3*((4,4-bis('((Z}mct-S»em'E—vi}oxv}butarawl)oxy)»Z»{(((S-
{dipropvlaminc)propoxy jcarbonyljoxy ymethylipropyl {97,127 octadeca-9,12-dienoate:
prepared from Intermediate 1Va and 3-{dipropylamnojpropan-1-0l on a 0.072 mmol scale,

vield 0.057 g (90%). LCMS (Method A} found m/z for (M+H)} = 876.6, RT = 3.76 min.
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[8241) Example 5, 3-((4.4-bis(({Z)-oct-5-en-1-yDoxyjbutanoylpoxy )-2-({({{(2-(1-
methylpyrrolidin-2-yhethoxy)carbonyljoxyimethyUpropyl (92,122)-octadeca-9,12-dienocate:
prepared from Intermediate IVa and 2-(1-methylpyrrolidin-2-ylethan-1-ol on a 0.072 mmol
scale, vield 0.042 ¢ (69%). LOMS (Method A): found m/z for (M+H) = 846.7, RT = 3.72

motn.

O O
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C/\"O Example 8

[06242] Example 6, 3-({44-bis{{{Z}-oct-5-en~-1-yHoxyYbutanoyljoxy 3-2-({(({{1-
ethylpyrrolidin-3-vlymethoxycarbonyDoxyymethyDpropyl (97,122)-octadeca-9,12-dienoate:
prepared from Intermediate IVa and (1-ethylpyrrolidin-3-ymethanol on a 0.072 mmol scale,

vield 0.039 g (64%). LCMS (Method A} found w/z for (MHH) = 8466, RT = 3.72 min.
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[8243] Example 7,  3-((4.4-bis({{Z)-oct-5-en-1-yHoxy ybutanoylyoxy }-2-(({(3-
(diethylammo}-2-hydroxypropoxy)carbonyloxyimethylpropyl (92,122 -octadeca-9,12-
dienoate: prepared from Intermediate IVa and 3-(diethylanuno)propane-1,2-diol on a 0.072
mmol scale, vield 0.002 g (3%). LCMS (Method A} found mv/z for (M+H) = 864.6, RT =
3.66 min,

Lo,

1”\;”\/

/j/‘\ /L\G ’\\/’\N
/\/\/0

L\/ Example 8

[0244] Example 8§,  3-({4.4-bis{{{Zy-oct-5-en-1-yhoxy pbutanoyioxy)-2-¢{({ {3~
{dimethylamnopropoxyearbonyoxy ymethyDpropyi {97,1273-octadeca-9,12-dienoate:
prepared from Intermediate IVa and 3~{dimethylaminopropan-1-of on a 0.077 mmol scale,

yield 0.022 g (35%). LCMS (Method A): found m/z for (M+H) = 8207, RT =3.77 min.
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[6245] Example 9, 3-({44-bis{({{Z}-oct-3-en-1-yhoxybutanoyhoxy)-2-({{(3-
{pyrrolidin-1-ylpropoxy jearbonyHoxy ymethypropyl {9712y -octadeca-9,12-dienoate:
prepared from Intermediate [Va and 3-{pyrrolidin-1-ylipropan-1-0l on a 0.077 mmol scale,

vield 0.027 g (41%). LCMS (Method A): found m/z for (M+H) = 846.7, RT =3.76 min.

e IR N

| i <::/j”\oj\cv“/(wj
lNVO\/\iQ

o
@/\/ Exampls 10

(0246} Example 10, 3-((4,4-bis({{ Z}-oct-5-en~-T-yHoxy Yhutanoy Doxy 3-2-((((2-(1-
methylpiperidin-2-yhethoxyicarbonyljoxy)methylpropyl (92,127 -octadeca-9,12-diencate;
prepared from Intermediate IVa and 2-(T-methyipipendin-Z-yhethan-1-0l on a 0.087 mmol
scale, yield 0.039 g (52%). LCMS (Method A): found m/z for (M+H) = 860.6, RT = 3.83

min.
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(0247} Example 13, 3-{{(3-(azetidin-1-ylpropoxy carbonyhoxy)-2-({{(4,4-
bis{{{Z)-cct-5-en-1-vloxybutanoyoxy ymethypropyl {927,127y -octadeca-9,12-dienoate:
prepared from Intermediate IVa and 3-(azetidin-1-yhpropan-1-ol on a 0.087 mmol scale,
yield 0.041 g (57%). LCMS (Method A): found nvz for (M+H)}=832.5, RT=3.74 min.

[68248] The following exaraples 12 and 13 were prepared from Totermediate TVa

according to General Procedure E.

CA\”Q Example 12

[8249] Example 12, 3-((4,4-bis{{(Z)-oct-S-en~-1-yvljoxybutanoyhoxy 3-2-(((3-(4-
methylpiperazin-1~-yDpropanoyhoxy yethylypropy! (97,12 -octadeca-9,12-dienoate:
prepared  from  Intermediate IVa  and  3-(d-methylpiperazin-t-yhipropancic  acid
dihydrochloride on a 0.072 mmol scale, vield 0.036 g (91%). 'H NMR (500 MHz,
Chioroform-d} 8 542 —~ 5.27 {m, 8H), 449 (¢, J = 5.6 Hz, 1H), 421 ~ 4.10 {m, 6H}, 3.64 ~
3.53 {m, 2H), 3.41 (dt, J = 9.3, 6.6 Hz, 2H), 2.80 —2.74 (m, 2H), 2.72 — 2.65 (m, 2H), 2.62 —
2.46 (m, 6H), 2.46 — 2.35 (m, TH), 2.35 — 2.23 (m, 4H), 2.12 — 1.96 (m, 13H), 1.96 — 1.89
(m, 2H), 1.67 - 1.52 (m, 9H), 1.48 — 1.23 (m, 15H), 0.95 (1, J = 7.6 Hz, 6H), 0.92 ~ 0.86 {m,
3H). LCMS (Method A): found mv/z for (M+H)} = 845.6, RT = 3.67 min.
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[08258] Example 13, 3-({4,4-bis{({(Z3-oct-3-en-1-yloxy }butanoylloxy)-2-
({(({92,122)-cctadeca-9,12-dienoyhoxy ymethvipropyl 1,3-dimethyipvrrolidine-3-

carboxylate: prepared from Intermediate 1Va and 1, 3-dimethylpyrrolidine-3-carboxylic acid
on a 0.077 mmol scale, yield 0.007 ¢ (11%). LCMS (Method A): found m/z for (M+H) =
816.6, RT =376 mun.
[0251] The following examples 14-22 were prepared from Intermediate IVh
according to General Procedure D
=

O

o 9
\/“O’J\o’”\/\m’”\
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j/ Example 14

Y

{02521 Example 14, 3-({4,4-bis{(3,7-dimethvioct-6-en-1-vhoxyYbutanoyljoxy }-2-
(({(3-{diethylamno}propoxy)carbonyDoxymethypropyl  (92,127)-0ctadeca-9,12-dienocate:
prepared from Intermediate IVh and 3-(diethylaminolpropan-1-of on a 0.13 mmol scale,
yield 0.056 g (46%). 'H NMR (500 MHz, Chloroform-) § 5.43 — 5.28 (m, 4H), 5.13 - 5.06
(m, 2F), 4.48 (1, J = 5.5 Hz, 1H), 422 — 4.10 (m, 8H), 3.66 — 3.55 (m, 2H), 3.50 — 3.38 (m,
2H), 2.80 — 2.74 (m, 2H), 2.51 (q. J = 7.1 Hz, 6H), 2.48 — 2.37 (m, 3H), 2.31 (dd, /= 8.0, 7.
Hz, 2H), 2.05 (dd, J=7.2, 1.1 Hz, 3H), 2.02 — 1.89 (m, 3H), 1.81 (p, /=67 Hz, 2H), 1.73 -
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1.50 {m, 23H), 1.45 -~ 1.23 {(m, 17H}, 1.22 - 1.11 (m, 2H)}, 1.01 {¢, J = 7.1 He, 6H), 0.95 ~
0.82 (m, 9H). LCMS (Method A): found m/z for (M+H) = 904.8, RT = 4.06 min.

PASACH
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[08253] Example 15, 3-{(4,4-bis{(3,7-dimethyloct-6-en-1-yHoxy Ybutanoyljoxy)-2-
{{{{{1-ethylpiperidin-3-yDmethoxy}carbonyboxy yuethylpropyl (92,122)-octadeca-9,12-
dienoate: prepared from Intermediate IVb and (1-ethyipiperidin-3-yDmethanol on a 0.13
mmol scale, yield 0.070 g (§7%;). LCMS (Method A} found m/z for (M+H) = 9167, RT =
4.06 man.

j\oﬁ\cf\@i\im\
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[8254] Example 16, 3-((4,4-bis{(3,7-dimethyioct-6-en-1 -yhoxybutanoyljoxy 3-2-
(({{(1-ethylpyrrolidin-3-yimethoxy)carbonyoxy ymethy Dpropyl (87,127 0ctadeca~9,12~

diencate: prepared from Intermediate IVh and (1-ethylpyrrohidin-3-yhmethanol on a (.08
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mmol scale, yield 0.040 ¢ {55%). LCMS {Method A} found m/z for (M+H)} = 9027, RT =
4.00 min.

Example 17
\r\/

[8255] Example 17, 3-{(4,4-bis{{3,7-dimethyloct-6-en-1-yhoxy Ybutanoyoxy)-2-
{{{{(2-(1-methylpipendin-3-yljethoxy carbonyoxyymethylipropyl  (92,127)-octadeca-9,12-
dienoate: prepared from Intermediate IV and 2-(1-methylpiperidin-3-vhethan-1-ol on a 0.08
mmol scale, yield 0.038 g (52%). LCMS (Method A} found m/z for (M+H) = 9168, RT =

3.94 min.

\(WWQ\K\A
Exampie 18

[08256] Example 18, 3-({4,4-bis{(3,7-dimethvloct-6-en-1-yHoxy }butanoylioxy}-2-
({({(4-morpholinobutoxy)carbonyhoxyymethyBpropyl {97,127y-octadeca-9,12-dienoate:
prepared from Intermediate IVh and 4-morpholinobutan-1-ol on a 0.08 mmol scale, yield

0.039 g (52%). LCMS (Method A): found m/z for (M+H) =932.6, RT =395 mmn.
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(02571 Example 19, 3-{(4,4-bis{(3,7-dimethyloct-0-en-1-yhoxy }butanovioxy)-2-
{{{{{{(1r 4r)-4-morpholinocyclohexylioxyicarbonylyonymethyDpropyl  {9£,127)-octadeca-
9,12-diencate: prepared from Intermediate IVb and rans-4-morpholinocyclohexan-1-0l on a

0.08 mmol scale, yield 0.036 g (47%;). LCMS (Method A): found m/z for (M+H) = 958.¢,

RT =3.95 min

o

\{/\/\K( Example 20

[8258] Example 20, 3-{(4,4-bis{(3,7-dimethvioct-6-en-1-yhoxybutanoyljoxy }-2-
({({4-(4-methylpiperazin-1-yvhbutoxy)carbonvhioxvimethyvDpropyl  (97,122)-octadeca-9,12-
dienoate: prepared from Intermediate IVb and 4-(4-methylpiperazin-i-yhbutan-1-ol on a
0.08 mmol scale, yield 0.027 g (36%). LCMS (Method A): found nv/z for (M+H) = 9457,
RT =395 min
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[8259] Example 21, 3-{(4,4-bis{(3,7-dimethyloct-6-en-1-yhoxybutanoyljoxy }-2-
((({{((1 R 35,55)-8-methyl-8-azabicyclof[3 .2 1]octan-3-vDoxy)carbonyljoxy ymethy Dpropyl
{97,127 -octadeca-9, 1 2-dienoate: prepared from Intermediate IVh and pseudotropine on a
0.08 mmol scale, vield 0.019 g (26%). LCMS {(Meathod A} found m/z for (M+H} = 914.6,
RT =3 88 min,

Example 22

\]/\/

[0260] Example 22, 3-((4,4-bis{(3,7-dimethyloct-6-en-1-yhoxy }butanoyhoxy)-2-
{{{{{2-{{dimethylamino)methy}benzvloxy)carbonylloxy imethyljpropyl  {92,127}-octadeca-
9,12-dienoate: prepared from Intermediate Ivb and {2-
{({dimethylamino)methyl}phenylimethanol on a 0.08 mmol scale, vield 0.030 g (40%). LCMS
{(Method A} found m/z for (M+H} =938.8 RT =428 min
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[8261] The following examples 23-30 were prepared from Intermediate Vb

according to General Procedure E.
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[8262] Example 23, 3-({4,4-bis{(3,7-dimethyloct-6-en-1-yhoxy }butanoyyony)-2-
{{{4-(pyrrolidin-1-yibutanoylioxy ymethyDpropyl (87,122} -octadeca-9,12-dienoate: prepared
from Intermediate IVb and 4-(pyrrolidin-1-yhibutanoic acid hydrochloride on a 0.09 mmol
scale, yield (0.052 g (64%). LUMS (Method A found m/z for (M+H) = 8867, RT = 3.98

min.
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[8263] Example 24, 3-{(4,4-bis{(3,7-dimethvioct-6-en-1-yhHoxybutanoyljoxy }-2-
({((3-(4-methylpiperazin-1-yhpropanoyljoxy ymethylpropyl (97,127)-octadeca-9,12-dienoate:
prepared  from  Intermediate Vb and  3-(d-methyipiperazin-1-yijpropanocic  acid
dihydrochloride on a 0.09 mmol scale, vield 0.060 g (72%). LCMS (Method A): found m/z
for (M+H)=901.8, RT = 4.08 min.
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[0264] Example 25, 3-((4,4-bis{(3,7-dimethyloct-6-en-1 -yvhoxyYbutanoyljoxy 3-2-
({((9Z,122)-octadeca-9,12-dienoy Hoxy ymethy Dpropyt 1-ethyl-{1,4'-bipiperidine]-4-
carboxylate: prepared from Intermediate Vb and U-ethyl-[1,4"-bipiperidine}-4-carboxyhc
acid dihvdrochloride on a 0.08 mmol scale, yield 0.021 g (27%). LCMS (Method A}): found
m/z for (M-+H} = 969.8, RT = 3.60 min.

o O

o X
Y\/\TNC?}/\AO LN
Y

[0265] Example 26, 3-{(4,4-is{(3,7-dimethyloct-6-en-1-yloxy }butanovioxy)-2-
{{{{92,12%)-octadeca-9,1 2-dienoyiYoxy ymethylipropyl I-(pyridin-d-yDpiperidine-4-
carboxylate: prepared from Intermediate Vb and 1-(pynidin-4d-yl)piperidine-4-carboxylic
acid on a 0.08 mmol scale, vield 0.020 g (27%). LCMS (Method A} found m/z for (M+H) =
9355, RT =3 %8 min.
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Exampls 27

[0266] Example 27, 3-((4,4-bis{(3,7-dimethyloct-6-en-1 -yvhoxyYbutanoyljoxy 3-2-
({(5-{dimethylaminoc)pentanoylioxy ymethyhipropyl (97,127 -octadeca-9,12-dienoate:
prepared from lntermediate IVb and S-{dimethylammo}pentanoic acid hydrochioride on a
0.08 mmol scale, yield 0.057 g (81%). LCMS (Method A): found nv/z for (M+H) = 874.8,

RT=3.95 min.
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(62671 Example 28, 3-{(4,4-is{(3,7-dimethyloct-0-en-1-yloxy }butanovioxy)-2-
{{{4-{dipropylamincibutanoy Doxy imethylpropy! (97,122)-0ctadeca-9,12-diencate: prepared
from Intermediate IVh and 4-(dipropylamincibutancic acid hydrochloride on a (.08 mmol

scale, yield 0.062 g (84%). LCMS (Meathod A} found nv/z for (M+H) = 916.8, RT = 4.00

min.
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[0268] Example 29, 3-{(4,4-bis{(3,7-dimethyloct-6-en-1 -yvhoxyYbutanoyljoxy 3-2-
({(G-morpholinopentanoyloxy)methyDpropyl  (92,12Z)-¢ctadeca-9,12-diencate:  prepared
from Intermediate IVb and S-morpholinopentanoic acid hydrochloride on a 0.08 mmol scale,

yield (0.064 g {87%). LCMS (Method A}: found m/z for (MHH) = ¢16.8, RT = 3.96 min.
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[0269] Example 30, 3-((4,4-bis{(3,7-dimethyioct-6-en-1 -yhoxybutanoyljoxy 3-2-

Exampis 30

((2-(1 -methylpipendin-d-yljacetoxy)methyDpropyl (97, 127)-octadeca~9,12-diencate:
prepared from Intermediate IVb and 2-(1-methylpipernidin-d-yhacetic acid on a .08 mmol
scale, yield 0.040 g (56%). LCMS (Method A): found m/z for (M+H) = 8867, RT = 3.96

min.

[8278] The following examples 31 and 32 were prepared from Intermediate [Ve

according to General Procedure D
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(8271} Example 31, 3-({4,4-bis{({4,4,5,5,5-pentafluoropenty Hoxy)butanoyljoxy -
2-({{(3~{drethylaminopropoxy jcarbonyDoxy ymethy Dpropyl (92,122 -0ctadeca-9,12~
diencate: prepared from Intermediate IV and 3-{diethvlaming)propan-1-ol on a 6.13 mmol
scale, vield 0.042 g (35%). LCMS (Method A} found m/z for (M+H) = 9485 RT = 3.49

min.

O
|
S S
F O

F\T/{V\/Q\M{D

F F G

F F /r Example 32
b

&

F

(02724 Example 32, 3-((4,4-bis{(4,4,5,5,5-pentatlucropentyJoxythutanoyHoxy)-
2-{{{{(1 -ethylpiperidin-3-yDmethoxyjcarbonyhioxyymethy propyl  (92,127)-octadeca-9,12-
dienoate: prepared from Intermediate 1Ve and (1-ethylpiperidin-3-yhimethanol on a 0.13
mmol scale, yield 0.050 g (41%;). LCMS (Method A} found m/z for (M+H) = 960.6, RT =

3.52 min.
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[8273] The following examples 33 and 34 were prepared from Intermediate IVd

according to General Procedure D
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[8274] Example 33, 3-({4,4-bis((5,5,6,6,6-pentafluorohexyloxy }butanoy oy -2~
{{{(3-(diethylamino)propoxy jcarbonyljoxymethylipropyl  (92,127)-0ctadeca-9,12-diencate:
prepared from Intermediate IVd and 3-(diethylaminojpropan-i-of on a 0.12 mmol scale,
yield 0.044 g (37%). 'H NMR (500 MHz, Chloroform-d) § 5.43 — 529 (m, 4H), 450 (t, J =
5.5 Hz, 1H), 4.22 — 4.09 (m, 8H), 3.60 (dt, J = 9.2, 5.8 Hz, 2H), 3.44 (dt, J = 9.3, 5.8 Hz,
ZEY, 2774, J=6T7Hz, 2R, 251 {q, J=T72Hz 6H), 246 - 237 (m, 3H), 231 (, /=76
Hz, 2H), 2.13 — 1.99 (m, 9H), 1.93 (td, J= 7.5, 5.4 Hz, 2H), 1.86 — 1.76 (m, 2H), 1.73 — 1.56
(m. 11H), 1.41 — 1.24 (m, 12H), 1.01 {, J = 7.1 Hz, 6H), 0.92 — 0.83 (m, 3H). LCMS
{(Method A}, found mv/z for (M+H) =976.6, RT = 3.52 min.
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[8275) Example 34, 3-((4,4-bis((5,5,6,6,6-pentafluorohexyhoxybutanoylioxy }-2-
{({({{{1-ethylpiperidin-3-yDimethoxy}carbonvhoxyymethyhpropyl (92122 -octadeca-9,12-
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dienoate: prepared from Intermediate 1Vd and (1-ethylpiperidin-3-ylimethane!l on a 012
mmol scale, vield 0.035 g (29%). 'H NMR (500 MHz, Chloroform-d} § 5.43 — 5.29 {m, 4H),
451 {t, J =55 Hz, 1H), 4.21 ~ 4.11 (m, 6H), 4.05 (dd, J = 10.6, 5.8 Hz, 1H), 3.96 (dd, J =
10.6, 7.2 Hz, 1H), 3.60 (dt, J = 9.3, 5.8 Hz, 2H), 3.44 (dt, J = 9.3, 5.8 Hez, 2F), 2.89 (dd, J =
353, 111 Hz, 2K, 2.77 (1, J = 6.7 Hz, ZH), 2.47 - 236 (m, 5H), 2.31 {t, J = 7.6 Hz, 2H),
213 - 183 (m, OH), 1.78 — 1.55 (m, 1SH), 142 - 123 {m, 17H), 1.08 {&, J =72 Hz, 3H),
0.89 (t, /=69 Hz, 3H). LCMS (Method A): found m/z for (M+H}=988.4, RT =352 min.

[8276] The followmng examples 35 and 36 were prepared from Intermediate Ve
according to General Procedure D.
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[0277]  Fxample 33, 3-((4,4-bis({4,4,5,5.6,6,7,7,7-

q

nonaftuorcheptyloxy)butanoyloxy }-2-(({{3-
(diethylammo)propoxy yearbonyHoxyymethyhpropyl {97 127y-octadeca-9,12-dienoate:
prepared from Intermediate [Ve and 3-(dhethylaminojpropan-1-ol on a 0.12 mmol scale, yield

0.050 g (36%). LCMS (Method A} found ro/z for (M+H) = 11484, RT =3.72 min.
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[0278]  Example 36, 3-((4,4-bis((4,4,5,5,6,6,7.7,7-
nonafluorchepty DoxyYbutanovijoxy }2-({({{{1-ethyipiperidin-3-
yiymethoxy)carbonyoxymethylipropyt  (97,127)-octadeca-9,12-dienocate: prepared from
Intermediate Ve and (1-ethylpiperidin-3-yljmethanol on a 0.12 mmol scale, yield 0.072 ¢
(51%;). LCMS (Method A): found m/z for (M+H) = 1160.4, RT =3.73 min.

(82791 The following examples 37-45 were prepared from Intermediate IVf
according to General Procedure D
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[8280] Example 37, 3-{(4,4-bis{{7,7,8,8,8-pentaflucrcoctyHoxybutanoyljoxy -2+
({((3-(diethylamino)prepoxy earbony Doxyimethylpropyl  (97,122)-0ctadeca-9,12-diencate:
prepared from Intermediate IV{ and 3-{diethylamino)propan-1-of on a 0.11 mmol scale, yield
0.084 g (71%). 'H NMR (500 MHz, Chloroform-d) § 543 — 5.28 (m, 4H), 448 (t, J =55
Hz, 1H), 422 - 410 (m, 8H), 3.57 {dt, J= 9.3, 6.5 Hz, ZH), 3.41 (dt, /=93, 6.5 He, ZH),
280 -274(m, 2H), 251 (q. /=72 Hz 6H), 245 -236 (m, 3H), 231 (dd, /=8.0,72 Hz
2H), 2.09 — 1.88 (m, 10H), 1.86 — 1.76 (m, 2H), 1.73 — 1.49 (m, 12FL), 1.46 — 1.23 (m, 208,
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101 {t, J = 7.1 He, 6H), 0.92 — 0.86 (m, 3H). LCMS Method A} found m/z for (M+H) =
1032.5, RT = 3.69 min.
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Example 38

[0281] Example 38, 3-((4,4-bis{{7,7,8,8,8-pentatluorooctyoxy Ybutanoylyoxy)-2-
{{{{(}-ethylpiperidin-3-yDmethoxy}carbonyhoxy imethylpropyl (92,122)-octadeca-9,12~
dienoate: prepared from Intermediate IVF and (1-ethylpiperidin-3-yljmethanol on a 0.11
mmol scale, vield 0.081 g (68%). '"H NMR (500 MHz, Chloroform-d) § 5.43 — 5.28 {m, 4H),
449 (t,J=35Hz, 1H), 419{d, /= 6.0Hz ZH), 417 - 4.12 (m, 4H), 405 (dd, /= 106, 5.8
Hz, 1H), 3.96 (dd, J=10.7, 72 Hz, 1H),3.57(dt, /=93, 66Hz 2H), 341 (dt, /=93,65
Hz 2H), 290 (dd, /=351, 11.3 Hz, 2H), 2.80 - 2.74 {m, 2H}, 2.47 - 2.36 {m, SH}, 2.31 (dd,
J=80,72Hz 2H), 211 = 1.79 {m, 11H}, 1.79 - 1.66 (m, 3H), 1.66 - 1.49 (m, 12H), 1,49 -
1.23 {m, 24H), 1.08 (1, J =72 Hz, 3H), 0.94 — 0.86 {m, 2H). LCMS (Method A} found m/z
for (M+H)=1044.6, RT =3.67 min.
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(62821 Example 39, 3-((4,4-bis{{7,7,8,8,8-pentathuoroocty oxy Youtanoviyoxy)-2-
{{{{(3-methylpipendin-4-ymethoxy)carbonyDoxymethyDpropyl  (92,122)-octadeca-9,12-
dienoate: prepared from lntermediate IV and {1-methylpiperidin-4-ylimethano! on a 0.09
mmol scale, vield 0.055 g (63%). LCMS (Method A): found mv/z for (M+H)} = 10365, RT =

3.68 min.
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[0283] Example 40, 3-({4,4-bis({7,7.8,8,&-pentaflucorcocty Hoxythutanoyljoxy -2~
(({(3-{pipendin-1-ylipropoxyjearbonylJoxy)methyDpropyl (92,127)-0ctadeca-9,12-dienocate:
prepared from Intermediate IV and 3-{piperidin-1-yl)propan-1-ol on a 0.09 mmol scale,

yield 0.052 g (58%). LCMS (Method A): found m/z for (M+H} = 1044.5, RT =370 min,
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[8284] Example 41, 3-((4,4~bis((‘7.7,8,8,S—pentafiuorooc‘wi}oxv)butanoyl)oxy‘)«z-
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on a .09 mmol scale, yield 0.050 g (55%). LCMS (Method A} found m/z for (M+H) =
1070.6, RT = 3.65 min.
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[0285] Example 42, 3-((4,4-bis{{7,7,8,8,8-pentatluorooctyoxy Youtanoylyoxy)-2-
{{{(3-(4-methyipiperazin-1-yljpropoxy jcarbonyjoxyymethyDpropyl (92,127)-octadeca-9,12-
dienoate: prepared from Intermediate IVf and 3-{4-methylpiperazin-1-ylipropan-1-ol on a
(.09 mmol scale, yield 0.049 g (54%). LCMS (Method A): found m/z for (M-+H) = 10395,
RT =366 min.
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02861 Example 43, 3-((4,4-bis{{7,7 8,8, 8-pentafluorooctyloxy)butanovhoxy)-2-
{{{{4-(diethylamino}butoxy)ecarbonyoxy imethyljpropy!  (92,122)-octadeca-9,12-dignoate:
prepared from Intermediate IVf and 4-(diethvlamino)butan-1-ol on a 0.09 mumol scale, yield

0.049 g (55%). LCMS (Method A} found m/z for (M+H) = 10465, RT =3 62 nun.
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[0287] Example 44, 3-{(4,4-bis{(7,7,8,8,&-pentafluorcoctyDoxy ybutanoyl joxy}-2-
{((3-B~(pipendin-T-yhipropoxy propoxy jearbonyvoxyimethyhpropyl (97,127)-octadeca-
9,12-dignoate: prepared from Intermediate IV and 3-(3-{pipendin-1-yhipropoxy)propan-1-ol

on a (.09 mmol scale, yield 0.044 g (46%). LCMS (Method A} found m/z for (M+H) =
1102.5, RT = 3.66 min.
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[0288] Example 45, 3-((4,4-bis{{7,7 8,8, 8-pentafluorooctylioxy}butanovhoxy)-2-
{{({{{1,3-dimethylpiperidin-3-yl)methoxy}carbonylioxy imethy Bipropyl {92,122 -octadeca-
9,12-dienoate; prepared from Intermediate IVE and (1,3-dimethyipiperidin-3-ylimethansol on
a 0.06 mmol scale, yield 0.042 g (70%). LCMS (Method A): found m/z for (M+H) = 1044.5,
RT =368 min.
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[0289] Example 46, 3-{(4,4-bis{(7,7,8,8,8&-pentafluorcoctyoxy ybutanoyl joxy-2-
{(4-{pyrrohidin-1-yi}butanovhoxyymethyDpropyl (92,127} -octadeca-9,12-dienoate: prepared
according to General Procedure E from Intermediate IV and 4-(pyrrolidin-1-ybutanoic acid
hydrochloride on a 0.09 mmol scale, vield 0.079 g (91%). "H NMR (500 MHz, Chloroform-
) 5 5.43 ~ 5.28 {m, 4H), 4.51 — 4.46 {m, 1H), 422 — 4.10 (m, 6H), 3.57 (dtd, /= 9.3, 6.6, 1.3
Hz, 2H}, 341 (dt, /= 9.3, 6.5 Hz, ZH), 2.80 — 2.74 {m, 2H), 2.55 - 2.27 {m, 12H}, 2.11 —
1.72 {m, 15H), 1.69 — 1.52 {m, 16H), 1.47 — 1.23 (m, 18H), 0.92 — 0.86 (m, 3H)}. LCMS
(Method AY. found m/z for (M+H)} = 10144, RT = 3.68 min.

[8298] The following examples 47 and 48 were prepared from Intermediate Vg

according to General Procedure D.
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[8291] Example 47, 3-((4.4-bs{d-{triffuoromethyphenethoxybutanoytiory)-2-

{{({{3-{diethylamino)propoxy jcarbonyDoxymethylipropyl  (97,127)-octadeca-9,12-dienoate:
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prepared from Intermediate Vg and 3-{disthylamino)propan-1-of on a 0.12 mmol scale,

yield 0.067 g (56%). LCMS (Method A} found m/z for (M+H} = 9725, RT = 3.58 min,
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(0292} Example 48, 3-{{4,4-bis{4-(trifluoromethyyphenethoxvibutanoyhoxy )-2-
({(((F-ethylpiperidim-3-yhimethoxy yearbonyhoxy ymethyDpropyl (92.122)-0octadeca-9,1 2~
dienoate: prepared from Intermediate IVg and (1-ethyipiperidin-3-ylimethanol on a 0.12
mmol scale, yield 0.045 g (37%). LCMS (Method A} found mv/z for (M+H) = 984.5, RT =
3.56 min.

[0293] The following examples 49 and 50 were prepared from Intermediate IVh
according to General Procedure D,

o
@]
o o)
E\J/\o’ﬁ‘g"\/\w"\

O
Q/\\/OMQ
0
Q\/f Example 43

[6294] Example 49, 3-{(4,4-bis(3-cyclohexylpropoxybutanoyoxy 3-2-({{(3-

{diethylamino)propoxy yearbouyoxy ymethyDpropyl {97,122y -octadeca-9,12-dienoate:
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prepared from Intermediate IVh and 3-{diethylamino)propan-1-of on a 0.14 mmol scale,
yield 0.059 g (48%). LCMS (Method A} found m/z for (M+H)} = 876.6, RT = 4.08 min.
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[8295] Example 50, 3-({4,4-bis3-cyclohexylpropoxyibuianoyioxy - 2-(((((1-
ethyipipenidin-3-ylymethoxy Jearbonyljoxy)methy Dpropyl  (92,122)-octadeca-9,12-dienoate:
prepared from Intermediate IVh and (1-ethyipipenidin-3-yljmethano!l on a 0.14 mmol scale,
vield 0.048 g {39%). LCMS (Method A): found m/z for (M+H) = 888.7, RT = 4.04 mun.

[6296] The following examples ST and 52 were prepared from Intermediate IVh

according to General Procedure E.

Q
O\j Exampie 51

[0297] Example 51, 3-((4,4-bis(3-cyclohexylpropoxy)butanoyloxy-2-({({4-
(pyrrolidin-1-yDbutanoyDoxy)methylpropyl  (97,127)-octadeca-9,12-diencate:  prepared
from Intermediate [Vh and 4-(pyrrolidin-1-yibutanoic acid hydrochloride on a 0.14 mumol
scale, vield 0.104 g (87%). LCMS (Method A} found m/z for (M+H) = 8588, RT = 4.06

min.
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[0298] Example 52, 3-({4,4-bis{3-cyclohexylpropoxybutanoyiyoxy }-2-{{({(3-(4-
methylpiperazin-1-ypropanoylioxy imethypropyl {92,127y -octadeca-9,12-dienoate:
prepared  from  Imtermediate  IVh  and  3-(4-methylpiperazin-1-yijpropanocic  acid
dihydrochloride on a 0.14 mmol scale, vield 0.074 g (61%). LCMS (Method A): found m/z
for MHHY=873.7, RT =417 min.
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Example 53

[6299] Example 53, 3-{(4,4-bis{(3,7-dimethyloct-6-en-1-yhoxy tbutanovhoxy)-2-
(({{{1~-ethylpyrrolidim-3-ymethoxycarbonyDoxyymethypropyl (92, 127)-octadeca-9,12-
dienoate: prepared from Intermediate IVh and (3 -ethylpyrrolidin-3-yDmethanol according to
General Procedure P on a 0.08 mmol scale, yield 40 mg (55%). LCMS (Method A} found
m/z for (M+H) = 9027, RT = 3.99 mmn.

-80-



WO 2021/141969 PCT/US2021/012282

Ty

DYQ
i 3 M

O O

Exampies 54
[4300] Example 54, 3-((4,4-bis{(3,7-dimethvyioct-6-eu-1 -yDoxy)butanoyoxy)-2-
{{{{(1r,4r)-4-morpholinocyclohexyloxyearbonyoxymethyDpropyl  (9Z,127)-octadeca-
9,12-dienoate: prepared from Intermediate IVbh and #sranms-d-morpholinocyclohexan-1-ol

according 1o General Procedure I3 on a 0.08 mmol scale, vield 36 mg (47%). LCMS (Method

Ay found m/z for (M+H} = 958.6, RT = 4.56 mun.
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Exampie 58
[6301] Example 55, 3~-({4,4-bis{(3,7-dimethyloct-6-en-1 -yhoxy ybutanoyhoxy)-2-
{{{{4-(4~methylpiperazin- | -yDbutoxy)earbouyhoxyvimethyDpropyl  (92,127)-0ctadeca-9,12-
diencate: prepared from Intermediate Vb and  4-(4-methylpiperazin-1-ylbutan-1-ol
according to General Procedure I on a 0.08 mmol scale, yield 27 g {36%). LCMS (Method

Ay found m/z for (M+H) = 9457, RT =3 95 min

-&81-
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Example 56
{63021 Example 56, 3-({4,4-bis{(3,7-dimethyloct-6-en-1-yhoxy }butanoytyony)-2-
{{{{{{1r,35,55}-8-methyl-8-azabicyclo[3.2.1Joctan-3-yhioxy jcarbonyoxy)methy Hpropyl
(97,122)-octadeca-9,1 2-diencate: prepared from Intermediate IVh and pseudotropine
according to General Procedure D on a 0.08 mmol scale, yield 19 mg (26%). LCMS (Method

A): found m/z for (M+H)}=914.8 RT =3 88 min.
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(83031 Example 57, 3-({4,4-bis{((3,7-dimethyloct-6-en- 1 -yhoxy Ybutanovhoxy)-2-
{{{{4-morpholinobutoxycarbonyljoxy ymethyipropyl {9Z,122)-octadeca-9,12-dienoate:
prepared from Intermediate IVb and 4-morpholinobutan-1-ol according to General Procedure
D on a 0.08 mmol scale, yield 39 mg (52%;). LCMS (Method A) found m/z for (M+H) =
9327, RT =458 min.

B2
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Exampie 58
[0304] Example 58, 3-{(4,4-bis{(3,7-dimethyloct-6-en-1 -yvhoxyYbutanoyljoxy 3-2-
{((2-(1-methylpipendin-3-yijethoxyyearbonyoxymethyhpropyl (92,127 -0ctadeca~9,12~
dienoate: prepared from Intermediate IVb and 2-{1-methylpipenidin-3-yljethan-1-ol
according to General Procedure I on a (.08 mmol scale, vield 38 mg (52%). LCMS (Method

A} found m/z for (M+H} = 9168 RT =3.94 min,

J

s
N
OYCE
e
\%\AWW\MA\/\T{O\/L\/OMQ”\/L\/\A
o o)

Exampls 59
[8305] Example 59, 3-{(4,4-bis{(3,7-dimethvioct-6-en-1-yhoxybutanoyljoxy )-2-
({(((92,122)-octadeca-9,12-dienoyhoxy ymethy propyt i'-ethyi-{1,4'-bipiperidine]-4-
carboxylate: prepared from Intermediate IVb and 1'-ethyl-[1 4'-bipiperidine}-4-carboxylic
acid dihydrochloride according to General Procedure E on a 0.08 mmol scale, vield 21 mg

{27%). LCMS (Method A): found m/z for (M+H) = 9697, RT =341 min.

-83-
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[6306] Example 60, 3-({4,4-bia{(3,7-dimethyloct-6-en-1-vDoxy}butanoyljoxy -2~
(({(4-(dipropylamingbutanoyiloxy hmethyDpropyl {97,127 -octadeca-9,1 2-dienoate: prepared
from Intermediate IVb and 4-(dipropylaminoibutancic acid hydrochloride according to
General Procedure E on a 0.08 mmol scale, yield 62 mg (84%). LCMS (Method A): found
m/z for (M-+H} = 916.8, RT = 4.00 min.

,b

0

Example §1
(03671 Example 61, 3-{(4,4-bis{(3,7-dimethyloct-0-en-1-yloxy }butanovioxy)-2-
{{{{92,12%)-octadeca-9,1 2-dienoyioxy ymethyiipropyl I-(pyridin-d-yDpiperidine-4-
carboxylate: prepared from Intermediate Vb and 1-(pynidin-4d-yl)piperidine-4-carboxylic
acid hydrochloride according to General Procedure E on a 0.08 mmol scale, yield 20 mg

(27%). LCMS (Method A): found m/z for (M+H) =935.7, RT =3 87 min.

-84~
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Exampie §2
[6308] Example 62, 3-({4,4-bis{(3,7-dimethyloct-6-en-1-yhoxy }butanoyyony)-2-
{{Z-{1-methyipipenidin-4-yljacetoxy ymethylipropyl (92,1 22)-octadeca-2,12-dienoate:
prepared from Intermediate IVh and 2-(1-methyipiperidin-4-yhacetic acid according to
General Procedure E on a 0.08 mmol scale, yield 40 mg (56%). LCMS (Method A} found
avz for (M+H) = 886.7, RT = 3.98 nun.
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Example 63

{83691 Example 63, 3-{(4,4-is{(3,7-dimethyloct-6-en-1-yhoxy }butanovioxy)-2-
{{{S-morpholinopentanoylioxy imethylipropyl  (92,127)-octadeca-9,12-dienoate:  prepared
from Intermediate IVb and S-morpholinopentancic acid hydrochloride according to General
Procedure E on a 0.08 mmol scale, vield 64 mg (87%). LCMS (Method A): found nv/z for
(M+H}=916.9 RT =450 nun.
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[6318] Example 64, 3-({4,4-bis{(3,7-dimethyloct-6-en-1-yloxy }butanoyyony)-2-
{{{5-{dimethylamino)pentanoyljoxymethypropyl (92,1 22)-octadeca-2,12-dienoate:
Example 63, 3-{{4,4-bis{(3,7-dimethyloct-6-en-1 -y ioxy ybutanoyijoxy}-2-{{{5-
morpholinopentanoyloxvimethylipropyl  (97,127)-octadeca-9,12-diencate: prepared from
Intermediate Vb and 5-(dimethylamino)pentanoic acid hydrochloride according to General

Procedure E on a 0.08 mmol scale, vield 37 mg (81%). LCMS (Method A): found nv/z for

(M+H}=8748 RT =395 min.

WM\*;/\/\/W \(\AO/‘\M
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Example §5

(83114 Example 65, 3-({4,4-bis{{({Z}-oct-5-en- I -yloxy tbutanoyyoxy)-2-({({{2-(1-
methylpiperidin-2-yhethoxy)carbonyljoxy imethylpropyl  (92,127)-octadeca~9,12-dienoate:
prepared from Intermediate fVa and 2-(1-methyvipiperidin-2-vhethan-1-ol according to
General Procedure D} on a 0.087 mmeol scale, yield 39 mg {52%;). LCMS (Method A): found
av/z for (M+H) = 860.7, RT = 3.83 nun.

-86-
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Exampie 88
(6312} Example 00, 3-({(3~{azetidin-1-y{}propoxyjcarbonyjoxy-2-({{4,4~
bis{{{Z}-oct-5-en-1-yioxy butanoyvoxyymethy Dpropyi {92, 127)-octadeca-9,12-dienocate:
prepared from Intermediate [Va and 3-(azetidin-1-ylpropan-1-ol according to General

Procedure D on a 0.087 mmol scale, vield 41 mg {(57%). LCMS (Method A): found my/z for

(M+H}=832.6, RT =374 nun.
!
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Example 87

[8313) Example 67, 3-({4,4-bis{(3,7-dimethvloct-6-en-1-yhoxy }butanoylioxy}-2-
({({(2-{(dimethviammnoimethy UbenzyhoxyjcarbonyDoxyymethyDpropyl  (97,127)-octadeca-
9,12~-diencate: prepared from Intermediate Vb and {2~
{{ dimethylaminomethyiphenyiimethanol according to General Procedure D on a 0.087
ramol scale, yield 30 mg {40%). LCMS (Method A} found nv/z for (M+H) = 9387, RT =

428 min.
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Exampls 68
[8314] Example 68, 3-((4,4-b1s{{7,7,8,8, 3-pentafluorcoctyjoxy }butanoyyoxy)-2-
{{{{4-{diethylamino}butoxy)carbony Doxy methyDpropyl (92, 127)-octadeca-~9,1 2-dignoate:
prepared from Intermediate IV and 4-(diethyvlammolbutan-1-6! according to General
Procedure D on a 0.080 mmol scale, yield 49 mg (55%). LCMS (Method A): found m/z for

(M+H} = 10465, RT = 3.63 min.
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Exampile 89

[68315] Example 69, 3-{{4,4-bis({7,7.8,8,8-pertafluoroocty Doxybutanoyhoxy)-2-
({((3-C-~{pipenidin-T-yhipropoxy Jpropoxy jearbonyDoxyimethyhpropyl  (97,127)-octadeca-
9,12-dienoate: prepared from Intermediate IV and 3-(3-{piperidin-1-ylipropoxy)propan-1-ol

according to General Procedure D on a 0.086 mmol scale, vield 44 mg {46%). LCMS

{(Method A). found m/z for (M+H) = 1102.5, RT = 3.66 min.
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Exampie 70
[8316] Example 70, 3-({4,4-bis{{{ Z}-oct-5-en-1-yyoxy)butanoy Doxy }-2-
{{({{9Z,12%)-octadeca-9,1 2-dienoylloxy ymethy Dipropyl 1,3-dimethylpyrrolidine-3-
carboxylate: prepared from Intermediate IVa and 1,3-dimethylpyrrolidine-3-carboxylic acid

according to General Procedure F on a 0.077 mmol scale, yield 7 mg (11%). LCMS (Method

J,;i;\ H

OWO

A): found m/z for (M+H) = 816.6, RT =3 74 min.
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Example 71

[8317] Example 71, 3-({(4d.4-bis({{Z)-oct-5~en-1-yHoxy jbutanoyioxy }-2-({{(3-
{dhimethvlaminojpropoxy jearbonyyoxy ymethyDpropyl {97, 127-octadeca-9,12-dienoate:
prepared from Intermediate TVa and 3~{dimethylammo)propan-1-ol according to General
Procedure I3 on a 0.077 manol scale, yield 22 mg (35%). LCMS (Method A): found w/z for

(MHH} = 8207, RT =376 min.
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[6318] Example 72, 3-({44-bis{{{Z}-oct-5-en-1-yljoxy}butanoyoxy}-2-{{{(3-
{pyrrolidin-1-y Bpropoxy carbonyljoxy ymethylipropyl {92,122}-octadeca-2,12-dienoate:
prepared from Intermediate IVa and 3-(pyrrolidin-1-ylipropan-1-o0l according to General
Procedure D on a 0.077 mmol scale, vield 27 mg (41%). LCMS (Method A): found mv/z for

(M+H} =8467 RT =373 nun.
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Example 73

[6319] Example 73, 3-((4,4-bis{{7,7,8,8,8-pentatluorooctyoxy Ybutancviyoxy)-2-
{{{{(3,3-dimethylpiperidin-3-yl)methoxyjcarbonylioxy ymethyipropyl {97,127)-octadeca-
9,12-diencate; prepared from Intermediate IV and (1,3-dimethyipipendin-3-ylimethano!
according to General Procedure [ on a 0.057 mmol scale, yield 42 mg (70%). LCMS

{(Method AY. found m/z for (M+H) = 1044.3, RT = 3.69 min.
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Example 74

[6328] Example 74, 2-({({4,4-bis{{({Z}-oct-5-en-1-ylJoxybutanoyHoxy methy{}-4-
{{{3-{diethylamino)propoxy jcarbonylloxyibutyl (92,127)-0octadeca-9,1 2-dienoate

(03211 Step 1: 2-(hydroxymethyl}butane-1,4-diol

HO /T\/OH
HO

[0322] To a stirred solution of triethyl ethane-1,1,2-tricarboxylate (5 g, 20.3
mmol) in ferr-butancl (80 mL) was added NaBH: (2.3 g, 60.9 mmol} under argon atmosphere
at 25 °C. The resulting suspension was heated to reflux and methanol (3 mL) was added drop
wise in three portions within 30 min. The resulting solution was heated to reflux for another
3 h. Then the reaction mixture was cocled t0 25 °C and neutralized with SN HCL (2.5 mL}.
The precipitate was filtered and the filtrate was evaporated to afford crude material which
was purified by combiflash column chromatography, eluted with 10-15% MeOH in DCM to
afford 2-(hydroxymethyl)butane-1,4-diol (1.7 g, 69%) as a vellow liquid. "H NMR (400
MHz, DMSO-de): 8 1.34-1.46 (m, 2H), 1.49-1.63 (m, 1H), 3.27-3.48 (m, 6H), 434 (1, J =
5.2 Hz, 2H), 4.40 (1, J= 5.1 Hz, 1H).

[0323] Step 20 2-(2,2-dimethyl-1,3-dioxan-5-yl}ethan-1-0l

O,/\/r/\/OH

[8324] To a stirred solution of 2-{hydroxymethylibutane-1,4-diol (1.7 g, 14.1
mmol} and 2 2-dimethoxypropane {43 ml, 353 mmel} in THF (16 mL) was added p-
toluenesulfonic acid monohydrate (0.36 g, 3.1 mmol) at 25 °C under argon atmosphere. The
reaction mixture was stirred at 25 °C for 16 h. After this time, the reaction was neutralized

with tricthylamine (5 mL}. Solvent was removed under reduced pressure to afford crude
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material which was purified by combiflash column chromatography eluted with 15% ethyl
acetate-hexane to afford 2-(2,2-dimethyl-1,3-dioxan-S-vhethan-1-ol (1.2 g, 53%}) as a pale
vellow liguid. 'H NMR (400 MHz, CDCh): 5 1.41 (s, 6H), 1.50-1.60 (m, 2H), 1.88-1.98 (m,
1H), 3.63 (dd, J= 7.9, 11.8 Hz, 28, 3.70 (&, J = 6.4 Hz, 2H), 3.93 (dd, /= 4.5, 11.8 Hz, 2H).
[0325] Step 3: 2-(2,2-dimethyl-1,3-dioxan-S-yhethyl {(4-nitrophenyl) carbonate

Q'/\\/\\/O A0y
ey :I;; \Q\
/o7 NO

[6326] To a solution of 2-(2,2-dimethyl-1,3-dioxan-S-yhethan-1-0l (400 mg, 2.5
mmol} i DCM (10 mL) was added pyndine (0.4 mi, 5.0 nunol), DMAP (30.5 mg, 0.25

2

mmol), and lastly 4-nitrophenyl chloroformate (604 mg, 2.9 mmol). The reaction was
allowed to stir for 7 hours at 25 °C. After this time, the reaction mixture was diluted with
water (20 mL} and DCM (30 mL}. The organic layer was separated, and the water layer was
extracted with DBCM (10 mbL x 2}, The combined organic layers were dried with Na»SQOq.
Solvent was removed under reduced pressure to afford crude mass which was purified by
combiflash column chromatography eluted with 30% ethyl acetate-hexane to afford 2-(2,2-
dimethyi-1,3-dioxan-5-yhethyl (d-mitrophenyl} carbonate (0302 g, 37%) as a colorless
liquid. "H NMR (400 MHz, CDCI3) 6 1.29-1.34 (m, 6H), 1.62 (g, J = 6.7 Hz, 2H), 1.80 (bs,
1H), 3.54 (q, J =88 Hz, 2H), 3.83 (dd, /=114 Hz 4.0 Hz, 2H}, 428 (1, J = 6.4 Hz, 2H),
787(d, J=90Hz 2H) 831 {(d, /=9.0Hz 2H).

[0327] Step 40 3-(diethylamino}propyl (2-(2,2-dimethyl-1,3-dioxan-5-yl}ethyl}

carbonate

-~

r
7L’j/\/ ~

{6328} To a stired solution of 2-(22-dimethyl-1,3-dioxan-S-yljethyl (4-
nitrophenyl} carbonate (150 mg, 0.46 mmol} in 5 ml DCM were added DMAP (5.6 mg, 6.04
mmol} and pyridine (0.07 mL, 0.9 mamol} at 25 “C and stired for 5 min. Then 3-
(diethylammo}-1-propanol {78.7 mg, 0.6 mmol} was added at 25 °C. The reaction mass was
stirred for at 25 °C for 9 h. The completion of the reaction was judged by TLC {5% MeQOH-

DCM). Reaction mixture was diluted with water and extracted with DCM (3 x 15 mL}.
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Combined organic layer was washed with brine, dried over anhydrous NasSQy, filtered and
concenirated under reduced pressure. Crude matenial thus obtained was punfied by
combiflash column chromatography ehsted with 10% MeOH- DBCM to afford 3-
{(diethylammno)propyl (2-(2,2-dimethyl-1,3-dioxan-5-yhiethyl} carbonate (9% mg, 67%) as
pale vellow liquid. 'H NMR (400 MHz, CDCI3) 8 1.03 (t, /= 7.0 Hz, 3H), 1.40 (s, 3H), 1.63
{q,/=67Hz 1H), 1.80-1.87 (m, 1H), 2.54 (t, /=7.0Hz, 3H), 3.58 {g, /=82 Hz, 1H),3.91
(dd, J=11.8 Hz, 42 Hz, 1H), 4.13 {q, /= 6.2 Hz, 2H).

[0329] Step S0 3-{diethviamunolpropyl  (d-hydroxy-3-{hydroxymethyDbutyl)

carbonate

Hgfij/*\/QEfG\/A\/N\f/
HO ©

[6330] To a stirred solution of 3-(diethylammoipropyl (2-(2,2-dimethyl-1,3-
dioxan-S-yl}ethyly carbonate (92 mg, 0.3 mmol} i1 MeOH (I mb) was added IN HCH (0.9
mL, 0.9 mmol} at 25 °C. The reaction mass was stirred for 2 h. The completion of the
reaction was judged by TLC (5% MeUH-DCM). Reaction mixture was concentrated and
azeotroped with toluene for two times to afford crude product 3-(diethylamino}propyl (4~
hydroxy-3-(hvdroxymethylibutyl) carbonate {120 mg}, which was directly used for next step

without purification.

(0331} Step 6: 4-{{(3-(diethylamino}propoxy Jcarbonylioxy )}-2-
(hydroxymethylibutyl (97,127)-0ctadeca-9,12-dienoate
G
P OJ\ o
N P Tt N Q\j\v OH

[0332] To a stirred solution of linoleic acid {0.08 mL, 0.26 mmol} in 3 mL DCM
were added EDC (82.9 mg, 0.43 mmol) and DMAP (7.2 mg, 0.06 mmol) at 25 °C and stirred
for 5 min. DIPEA (0.147 ml, 0.86 mmol} and 3-{dicthylamino}propyl (4-hydroxy-3-
(hydroxymethylYbutyl) carbonate (80 mg, 0.29 mmol) were added at 25 °C. Then the reaction

mixture was stirred at 25 °C for 16 b The completion of the reaction was judged by LCMS
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of crude reaction mixture. Reaction mixture was diluted with water {10 mL} and extracted
with DCM {15 mL x 3). Combined organic laver was washed with brine (10 mL), dried over
anhydrous Na:S04, filtered and concentrated under reduced pressure. Crude material thus
obtained was purified by combiflash column chromatography eluted with 10% MeOH- DUM
to afford 4-({((3-(diethylamino)propoxy jcarbonyljoxy)-2-(hydroxymethyhbutyl (9Z127)-
octadeca-9,12-diencate {42 mg, 27%) as pale yellow liquid. 'H NMR (400 MHz, CDCI3) §
0.87 (d, J = 6.6 Hz, 3H), 1.00-1.10 {m, 5E), 1.24-1.29 (m, 20H), 1.69-1.83 (m, 4H), 2.02 (¢, J
= 6.6 Hz, 5H), 2.30 (1, J = 7.3 Hz, 2H), 2.50-2.55 {m, 5H), 2.7S (d, J = 7.3 Hz, 2H), 3.54-
361 (m, 2H), 4.13-4.23 (m, 5H), 5.34 (¢, J = 4.5 Hz, 4H).

[8333] Step 70 2-({{4.4-bis{{{ Zy-oct-5-en-1-vDoxy thutanoyDoxy ymethy H)-4-({(3-
{diethylammo)propoxy earbonyhoxyibutyl (97,127)-octadeca~9,12-dienocate (Example 74}
o a stirred solution of 4.4-bis{{({Z)-oct-5-en-1-yNioxybutanoic acid (Intermediate [lay (24.1
mg, 0.07 mmoly n 2 ml, DCM were added EDC (22.3 mg, 012 mmol) and DMAP (1.9 mg,
0.015 nmumol} at 25 °C and stured for 3 nun. Theo DIPEA (0.04 ml, 0.23 mmol) and 4-({((3-
(diethylammo)propoxy jcarbonyljoxy 1-2-(hy droxymethy hbuiyl (9Z,122)~octadeca-9,12-
diencate {42 mg, 0.08 mmol) were added at 25 °C. The reaction mixture was stirred at 25 °C
for 16 h. The completion of the reaction was judged by LCMS of crude reaction mixture,
Reaction mixture was diluted with NaHCO: solotion (5 mL) and extracted with DCM (10
mL x 3} Combined organic layer was washed with brine (10 ml)}, dried over anhydrous
Naz SOy, filtered and concentrated under reduced pressure. Crude material thes obtained was
purified by Prep-HPLC to afford -({{4,4-bis({{Z}-oct-5-en-1-yl}oxyibutanoyijoxy ymethyi}-4-
(((3~{diethylamino}propoxy)carbonyjoxybutyl  (92,127)-cctadeca-9,12-diencate (24 mg,
36%;) as pale yellow liquid. LCMS (Method B): found m/z for (M+H) = 8677, RT = 2.04

nin.
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Example 78
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[68334] Example 75, 3-({4,4-bis{{{Z}-oct-5-en-1-ylioxyibutanoyoxy)-2-{{{3-(4-
ethyipiperazin-1-ylpropanoyloxy methy Dpropyl (92,122)-octadeca-9,12-dienoate
[0335] Step 1 3-(acrvioyloxy 3-2-{({4,4-bis{{{Z}-oct-5-en-1-

yioxybutanoy Hoxyymethy Bpropyt (92,122)-0ctadeca-9,12-diencate (Intermediate V)

o)
A0 o
WW\\E/”WW*YO\/E\/Q\ETAV/LO/\\/\/:\\/
o G
intermediate V

0336} To a stirred solution of 3-{{4,4-bis{{{Z}-oct-5-en-1-yloxybutanoyhoxy}-
2-(hydroxymethylpropyvl (92,127)-octadeca-9,12-diencate {Intermediate IVa) (1.0 g, 1.4
mmol} in DCM (20 mb) wered added DMAP (18.0 mg, 0.1 mmol} and DIPEA (0.50 mL, 2.8
romol}. The resulting moixture was cooled 1o an ice bath, then acryloyl chlonde (0.2 mi, 2.9
mmol} was added drop wise over 10 min. The mixture was sturred at room temperature for 1
h After this time, the reaction muxture was exiracted with DCM (20 ml = 2). Combined
organic layer was washed with water (20 ml, x 2} and brine (20 mL x 2}, dried over
avhydrous NaxSQy, filtered and concentrated under reduced pressure. Crude matenial was
purified by combiflash coluron chromatography, eluted with 10% ethyl acetate-hexane to
atford 3-{acrvloyloxy 3-2~(({4,4-bis{{{ Z)-oct-5-en- 1 -vloxy Ybutanoyoxy yroethy Dpropyl
(9Z,127)-octadeca-9,12-diencate (860 g, 79%) as colorless liquid. 'H NMR (400 MHz,
Chioroform-d) & 0.84 - 0.91 (m, 3H), 0.94 (1, J= 7.5 He, 6H}, 1.17 - 1.47 {m, 20H), 1.53 ~
1.65 (m, 443, 1.86 —1.95 (1, 2H), 1.97 - 2.09 {m, 12H), 2.30 (t, J= 7.4 Hz, 2H), 2.34 - 247
(m, 3H), 2.76 (t. J = 6.4 Hz, 2H), 3.34 ~ 3.45 (m, 2H), 3.56 (q, J = 7.4 Hz, 2H), 4.11 ~ 4.18
(m, 4H), 4.22 (d, J = 6.0 Hz, 2H), 4.47 (1, J = 5.6 Hz, 1H), 5.22 ~ 5.45 (m, 3H), 5.85 (d, J =

113 Hz, TH), 6.11 (dd, J =105, 173 Hz, 1H), 6.36-0.45 {m, 1H).
[8337] Step 2 3-({4,4-bris{{{Z}-oct-S-en-1-yoxyYoutanoy Doxy 3- 2-(((3-(4-
ethylpiperazin-1-yljpropanoyljoxy ymethyhpropyl {92,122})-octadeca-9,12-dienoate (Example
75} the following 1s representative of General Procedure F. A mixture of 3-(acryvloyloxy-2-

({({4,4-bis({{Z)-oct-5-en-1-yloxy)butanoyoxy methylypropyl {97,127 -octadeca-9,1 2~

-05.
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dienoate {Intermediate V} (50 mg, 0.067 mmol, 1 Hq) and 1-cthylpiperazine (38 mg, 0.34
mmol, 5 Bg) were heated to 50 °C for 16 h in the absence of solvent. After cooling to room
temperature, the crude reaction mixture was purified by column chromatography eluting with
91 DCM/MeOH o afford 3-((4,4-bis({{Z£)-oct-5-en-1-yloxyibutanoyoxy 3-2-(((3-(4-
ethylpiperazin-i-vhpropanoyhoxy ymethyipropyl (97,127 -octadeca-9,12-diencate {26 mg,
44%3. LCMS (Method B): found nvz for (M+H) =859.9, RT =1.67 min.

Myt S
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Example 76
[0338] Example 76, 3-({4,4-bis{{({Z)-oct-5-en-1-yhoxybutanoyljoxy }-2-{({{(3-(4~
ethyl-1,4-diazepan-1-ylpropanoyljoxyimethy Dipropyl {97, 127y-0ctadeca-9,12-dienoate:
prepared from Intermediate V and 1-ethyl-1 4-diazepane according to General Procedure F,

vield 16 mg {46%;). LCMS (Method BY: found mv/z for (M+H) = 873.9, RT = 1.56 nun.

© 0
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Example 77
(0339 Example 77, 3-({4,4-bis{{{Z}-oct-S-en-1-yloxyibutanovhoxy)-2-({{3-(4-
{2-methoxyethyDpiperazin-1-yhpropanoyljoxy imethylpropyl (9Z,122)-octadeca-9,12-

diencate: prepared from Intermediate V and 1-(2Z-methoxvethyl)piperazine according to

06
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General Procedurs F, yield 34 mg (57%). LCMS (Method B): found m/z for (M+H) = 889.9,

RT = 1.69 min.
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Example 78
[0340] Example 78, 3-{{4,4-bis{{{Z)-oct-5-en-1-yhoxyibutanoyhoxy }-2-({{3-(3,5-
dimethylpiperazin-1-ylipropanoyhoxyymethyvhpropyl {92,127 -0ctadeca-9,12-dienoate:
prepared from Intermediate V and 2,6-dimethylpiperazine according to General Procedure F,

yield 38 mg (65%). LCMS (Method BY: found nv/z for (M+H) =859.9, RT =1.71 nun.
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Example 78

{0341 ] Example 79, 3-({(4,4-bis{{{Z}-oct-S-en-1-yHoxybutanoy Doxy 3-2-{{(3-({(2-
(diethylamino)ethyl ethyhanuno)propanoyhoxy ymethypropyl (92,12%)-octadeca-9,12-
dienocate: prepared from Intermediate V and N1,NT N2-triethviethane-1 2-diamine according
to General Procedure F, yield 24 mg (48%) LCMS {Method B): found m/z for (M+H} =

8899 RT =229 min

-7-
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Exampis 80

[0342] Example 80, 3-((4,4-bis{({{Z}-oct-5-en~I~-yhoxy YoutanoyDoxy - 2-(((3~({1-
isopropylpiperidin-4-yhamino)propanoyloxy ymethyDpropyl (97,127)-octadeca-9,12-
diencate: prepared from Intermediate V and I-isopropyipiperidin-d-amine according to
General Procedure T, yield 18 mg (37%). LCMS (Method B): found m/z for (M+H) = 887.9,

RT =134 min.
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Example 81

[6343] Example 81, 3-({(4,4-bis({{Z}-oct-S-en-1-yhoxy)butanoyloxy 3-2-({((3-
({pyridin-3-yimethy Jaminojpropanoylioxy ymethylipropyl  (97,122)-0ctadeca-9,12-dienocate:
prepared from Intermediate V and pyridin-3-yimethanamine according to General Procedure

F, vield 20 mg (43%). LCMS (Method BY: found m/z for (M+H) = 854.0, RT = 1.34 min.

8-
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Exampls 82

[0344] Example 82,  3-{(4,4-bis({{Z)-oct-5-en-1-yhoxybutanoyloxy }-2-({(3-
{methy{2~{pyridin-2-yDethyDaminepropancyoxy ymethyDpropyl (97, 127)-octadeca-9,12-
dienoate: prepared from Intermediate V and N-methyl-2-{pyridin-2-yDethan-1-amine
according to General Procedure F, vield 34 mg (49%). LCMS (Method B} found m/z for
(M} = 882.0, RT = 1.67 sun.
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Exampis 83

[0345] Example 83, 3-((4,4-bis({({Z)-oct-5-en-1-yhoxy)butanoyoxy 3-2-(((3-(3-
(dimethylaminoypyvrrolidin-1-yhpropanoyoxyimethypropyl {92,127-0ctadeca-9,12-
dienoate: prepared from Intermediate V and 3-(dimethviamino)pvrrolidine according to
General Procedure F, vield 27 mg (58%;). LCMS (Method B): found m/z for (M-+H) = 859.9,
RT =1.62 min.

TeN



WO 2021/141969 PCT/US2021/012282

NH
GY(
\/i %
I S T N e \f\/\ﬂxo ’@NGAV/\/@\/
o] O
Example 84

[0346] Example 84, 3-((4.4-bis({{Z)-oct-5-en-1-yhoxy ybutanoyyoxy }-2~({{3-{({2~
{pyrrolidin-1-yhethyDanuno)propavoyoxy ymethyhpropyl {92,127)-octadeca-9,1 2-diencate;
prepared from Intermediate V oand 2-{pyrrolidin-1-yijethan-1-amine according to General
Procedure F, vield 26 mg (56%). LCMS (Method BY: found m/z for (M+H) = 8599, RT =
1.34 man.

Example 88

03471 Example 83, 3-((4.4-bis({{Z)-oct-5-en-1-yhoxy butanoyyoxy }-2~({{3-((3~
morpholinopropyamino)propanoyoxyimethylpropyl  (97,127)-0ctadeca-9,12-dienocate;
prepared from lutermediate V oand 2-(3-methylpyrrolidin-2-vljethan-1-amine according to
General Procedure F, vield 17 mg (35%). LCMS (Method B): found nvz for (M+H) = 873§,
RT =228 min,
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Example 86
[£348] Example 86, 3-{(4,4-bis{({{Z}-oct-5-en~i~-yhoxy YoutanoyDoxy - 2-({((3~((2-
{pyridin-d-ylethyDaminolpropanoyloxyimethypropyl  (97,127)-octadeca~-9,12-dienocate;
prepared from Intermediate V and 2-{(pynidin-4-vljethan-1-amine according to General
Procedure F, yield 18 mg (39%). LCMS (Method B): found m/z for (M+H) = 867.9, RT =

1.34 mun.
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Example 87
[0349] Example 87, 3-((4,4-bis{{{Z}-oct-5-en-i-yhoxy tbutanoyyoxy)-2-({{3-{(2-
{1-methylpyrrolidin-2-vjethyDamino}propanovhoxyymethyDpropyl (92,127)-octadeca-9,12-
dienoate: prepared from Intermediate V and 2-(pyridin-4d-ylethan-1-amine according to
General Procedure F, yield 26 mg (43%). LCMS (Method B): found w/z for (M+H) = 867.9,
RT=134mmn
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Example 88
[0355] Example 88, 3-{{4,4-bis{{{Z}non-3-en-1-yhoxy}butanoyloxy 3-2-({({(3-
(diethylammo)propoxy jearbonyoxyymethyDpropyl (927, 12Z)-octadeca-9,12-dienoate

{0351} Step 10 4,4-bis{{({ Zy-non-3-en-1-yhoxy Youtanentirile

[

o

NC/\/ka\/ W

[83582] Prepared according to General Procedure A using (Z)-non-3-en-~1-ol, yield
280 mg (41%). 'H NMR (400 MHz, Chloroform-d): & 0.88 (t, ./ = 6.7 Hz, 6H), 1.21-1 41 (i,
12H), 1.94 (q. /= 7.2 Hz, 2H), 2.03 (q. J = 7.2 Hz, 4H), 2.32 (q, J = 7.0 Hz, 4H), 2.41 (1, J =
7.4 Hz, 2H), 3.39-3.50 {m, 2H), 3.56-3.66 {m, 2H}, 4 S8 {t, /= 5.3 He, 1H), 5.29-5.40 (m,
2H), 5.41-5.53 (m, 2H).

[6353] Step 20 4,4-bis{({({Z)-von-3-en-1-yHoxybutanoic acid

Gf
HQ\E/\,)\O,%M\VM
O
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[8354] Prepared from 4,4-bis({{Z)}-non-3-en-1-yhioxy tbutanenitrile according to
General Procedure B, yield 230 mg (78%). 'H NMR (400 MHz, DMSO-ds): § 0.85 (1, J= 6.6
Hz, 6H), 1.13-1.38 (m, 13H), 1.72 (q, J = 7.1 Hz, 2H), 2.00 (q, J = 7.0 Hz, 41, 2.16-2.29
(m, SH), 3.33-3.42 (m, 2H), 3.43-3.54 (m, 2H), 4.49 (¢, J = 5.6 Hz, 1H), 5.30-5.47 (m, 4H),
12.06 (s, 1H).

[0355] Step 3: 3-({4,4-bis{{{Zynon-3-en-1-yHoxyibutanoyijoxy}-2-
(hydroxymethylipropyl (97,12 5}-octadeca-2,12-dienoate

\Mmf’\_—_/\/w/\/\gﬁx/i/ﬂx[/\

[8356] Prepared from 4,4-bis{({{Z)-non-3-en-1-yhoxy)butanoic acid according fo
General Procedure C, yield 340 mg (58%). 'H NMR (400 MHz, Chloroform-d). § 0.82-0.92
(m, 9H), 1.21-1.40 (m, 26H), 1.61 (t, J= 7.1 Hz, 2H), 1.88 — 2.09 (m, 10H), 2.13 — 2.23 (m,
2H), 2.30 {q, J = 7.0 Hz, 6H), 2.41 (¢, .J = 7.5 Hz, 2H), 2.76 (t, J = 6.4 Hz, 2H), 3.36 — 3.47
(r, 2H), 3.52 — 3.65 {m, 4H), 4.13 ~ 4.23 (m, 4H), 4.52 (t, J = 5.5 Hz, 1H), 526 — 5.51 {(m,
SH).

(63587} Step 4 3-((4,4-bis{{{Zynon-3-en-1-yDoxy butanoy Hoxy)-2-{{({ (3~
{diethylammo)propoxy jcarbonyljoxy ymethylipropyl (92,127)-octadeca-9,12-dienoate
{(Example 88} Prepared from  3-((4,4-bis({{Z£)-non-3-en-1-yljoxybutanoyioxy)-2-
(hydroxymethypropyl (92,1273 -octadeca-9,12-dienoate and 3-(diethylamino)propan-1-ol
according to General Procedure D, vield 79 mg (83%). LCMS (Method BY: found m/z for
{(M+H} = 876.9, RT =191 min.
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Example 88

[0358] Example 89, 3-({(44-bis({{Zy-non-3-en-1-yhoxyybutanoyDoxy -2-{({({{1-
ethyipiperidin-3-ylimethoxycarbonyDoxy)methyDpropyl  (97,127)-0ctadeca-9,12-dienoate:
prepared  from  3-({4,4-bis{{{ Z}-non-3-en-1-yhoxy thutanoyioxy }-2-(hydroxymethyDpropyi
(97,127-0ctadeca-9,12-diencate and {I-ethylpiperidin-3-vDimethanol according to General
Procedure D, yield 30 mg (69%). LCMS (Method BY: found mv/z for (M+H) = 889.0, RT =

1.77 mun.

Exampie 80

[6359] Example 90, 3-{{4,4-bis{{4-butylbenzyl}oxyybutanoyoxy }-2-({((3-
{diethylamino)propoxy yearbonyoxy ymethyDpropyl (97, 122)-octadeca-9,12-dienocate

[0360] Step 17 4,4-bis{({4-butylbenzylioxyybutanenitrile
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[8361] Prepared  according to  General Proceduwre A using  (4-
butylphenylimethanol, vield 1.1 g (36%). 'H NMR (400 MHz, Chiloroform-d): 8 0.92 (t, J =
7.3 Hz, 6H), 1.28 — 1.40 (m, 4H), 1.51 — 1.65 (m, 4H), 1.97 — 2.07 (m, 2H), 2.41 (+ J=7.4
Hz, 2H), 2.60 (¢, J = 7.7 Hz, 4H), 451 (d, /= 11.5 Hz, 2H), 464 (d, /= 11.5 Hz, 2H), 4.79
{t. J=S53Hz 1H), 716{d, J=79Hz, 4H), 720 - 728 (m, 4H).

[6362] Step 2: 4.4-bis({4-butvlbenzyhoxy ybutanoic acid

e

J
HOE/\/\ om

[6363] Prepared  from  4,4-bis({4-butylbenzyDoxyjbutanenitrile  according 1o
General Procedure B, vield 1.1 g (91%). 'H NMR (400 MHz, DMSO-ds): § 089 (t, J=7.3
He, 6H), 122 - 136 (m, 4H), 147 —1.60 (m, 4H), 1.87(q, /=72 Hz, 2H}, 227 (1, J=74
Hz, 2H), 2.56 (t, J = 7.6 Hz, 4H), 445 (d, J= 11.7 Hz, 2H), 4.56 (d, J = 11.7 Hz, 2H), 472
(t, J=355He, 1H), 715, /=79 He, 4H), 722 (d, J= 7.6 He, 4H), 12.09 {s, 1H}.

[0364] Step 3 3-{{4,4-bis{{4-butytbenzyDoxy}butanoy Hoxy -2~
{hydroxymethyDpropyl (97,127)-0ctadeca-9,12-dienpate
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[8365] Prepared from 4,4-bis{{4-butylbenzyloxyjbutanoic acid according to
General Procedure C, yield 400 mg (64%). 'H NMR (400 MHz, Chloroform-d): § 0.83 —
0.96 (m, 95, 1.21 — 1.42 (m, 17H), 1.52— 1.66 (m, 7H), 1.99 — 2.19 (m, 8H), 2.30 (t, J=7.6
Hz 2H), 244 (1, J=74Hz, 2H), 259, S =77 Hz, 4H}, 276 {t, /=64 Hz, 2H), 355 (1, J
=S57Hz 2H), 404 —-4.19 (m, 4H), 450 (d, /=115 Hz, 2H), 461 {(d, /=115 Hz, 2H}), 474
(t, J=534Hz 1H),526-542(m, 4H), 7.15{d, J=7 9 Hz 4H), 7.22(d, /=78 Hz, 4H).

[8366] Step 4: 3-({4 4-bis({4-butylbenzylyoxybutanoy Doxy - 2-({({(3-
{hethylammo)propoxy earbonyljoxy ymethylipropyl (97.127)-octadeca-9,12-diencate
(Example  90). Prepared  from 3-{{4,4-bis({4-butylbenzylyoxy ybutanovijoxy)-2-
(hydroxymethylpropyl (97,1273-octadeca-9,12-dienoate and 3~(diethylamimo)propan-1-ol
according to General Procedure D, vield 62 mg (83%). LCMS (Method B): found m/z for

(M+H) = 920.9, RT = 1.81 min,
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Exampls 91
[68367] Example 91,  3-{{(4.4-bs{{d-butvibenzyyoxybutanoyloxy}-2-({({({{1-

ethyipipenidin-3-ylymethoxy Jearbonyloxymethy Dpropyl  (92,127)-octadeca-9,12-diencate.

Prepared  from  3-{{4,4-bis({4-butylbenzyloxybutanoyhoxy i-2-(hydroxymethyDpropyl
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(92,127)-octadeca-9,12-diencate and (1-ethylpiperidin-3-yDimethano! according to General
Procedure DB, yield 50 mg, 69%. LCMS (Method B): found m/z for (M+H) = 889.0, RT =

1.77 min.

TN

Exampia 92

[0368] Example 92, 3-({(4.4-bis{({{Z)-dec-4-en-1-yhjoxybutanoylioxy }-2-(({(3-
{diethylamino}propoxy yearbonvoxyimethvhpropvl (92,127)-octadeca-9,12-dienoate
[8369] Step 11 4,4-bis{{{#)-dec-4-en-1-yoxybutaneniirile

[8378] Prepared according to General Procedure A using {)-dec-4-en-1-0l, yield
750 mg (51%). 'H NMR (400 MHz, DMSO-ds): § 0.86 {1, /= 6.8 Hz, 6H), 1.18 — 1.37 (m,
12H), 1.48 — 1.60 (m, 4H), 1.74 — 1.86 (m, 2H), 1.94 — 2.10 (m, 8T, 2.46 (t, J=7.2 Hz, 7H),
333 -3.44 (m, 2H), 3.47 - 3.60 {m, 2H), 4 51 {t, /=34 Hz, 1H), 528 - 542 (m, 4H).
[8371] Step 2 4,4-bis{({{ Z)-dec-4-en~1 -y Qoxy)butanoic acid
P AN NP N

(8372} Prepared from 4,4-bis{{{Z)}-dec-4-en-1-yl}oxy)butanenitrile according o
General Procedure B, yield 300 mg (71%). 'H NMR (400 MHz, DMSO-ds): 8 0.85 (£, J=6.7
Hz, 6H), 119~ 136 (m, 12H), 1.53 (g, /= 0.9 Hz, 4H), 1.73 (g, /= 7.0 Hz, 2H), 1.91 - 2.09
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(m, SH), 2.22 (t, J = 7.5 Hz, 2H), 3.29 — 3.40 (m, 2FL), 3.44 ~ 3.55 (m, 2H), 445 (, J = 5.5
Hz, 1H), 5.27 - 5.42 (m, 4H), 12.05 (s, 1H).
[8373] Step 3 3-({4.4-bis{{{ Zy-dec-4-en-1-ylJoxybutanovioxy)-2-

Jf/\/"\/’“\

/CI}H o
Q O

{(hydroxymethyDpropyl (97,127)-0ctadeca-9,12-dienoate

[0374] Prepared from 4,4-bis({{Z)-dec-4-en-1-yloxybutanoic acid according to
General Procedure C, vield 270 mg (47%). 'H NMR (400 MHz, Chloroform-): § 0.83 —
0.92 (m, 9H), 1.07 - 1.15 (m, 2H), 1.20 - 1.41 (m, 23H), 1.47 - 1.76 {m, 9H), 1.88 - 2.13
(m, 10F), 2.17 ~ 2.23 {m, 2H), 2.31 (t, J= 7.5 Hz, 2H), 2.41 (t, J = 7.4 Hz, 2H), 2.76 (t, J =
6.6 Hz, 2H), 3.35 — 3.50 (m, 3H), 3.52 — 3.65 (m, 4H), 3.97 — 4.06 (m, 1H), 4.10 ~ 4.22 (m,
4H), 4.48 (1, J = 5.4 Hz, 1H), 5.26 ~ 5.44 (m, 8H).

[0375] Step 4: 3-{{4,4-bis({{Z2)-dec-4-en-1-yhoxyanoyoxy 1 2-({({3-
(diethylammo}propoxy }earbonyoxy)methyDpropyl {9Z,127)-octadeca~9,12-diencate
{(Example 92} Prepared from  3-({4,4-bis{({{Z)-dec-4-en-1-yhoxybutanoylioxy)-2-
(hydroxymethylipropyl (97,127)-0ctadeca-9,12-diencate and 3-{diethylamino)-1-propanol
according to General Procedure D, vield 40 mg (61%) LOCMS (Method B): found m/z for
(M+H} = 905.0, RT = 1.90 nun.

:j\i - J/\/\/\
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Example 83
[8376] Example 93, 3-((4,4-bis{{{Z)-dec-4-en-T-yhoxybutanoyoxy -2-{({{{1~
ethyipiperidin-3-ylmethoxy Jcarbonylloxy ymethyUipropyl  (92,127)-octadeca-9,12-dignoate:

prepared from  3-({4,4-bis{{{Z}-dec-4-en-1-yloxybutanoyoxy)-2-{ hvdroxymethy Dipropyl
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(9Z,12Z)-octadeca-9,12-diencate and {(I-ethylpiperidin-3-ylimethano! according to General
Procedure D, yield 56 mg (68%). LCMS (Method B} found mv/z for (M+H) = 917.0, RT =

1.91 min.

C}E A
4
o T:M\/\\/\\T{G\/Q/Q\ﬁfg\/\/ N e
O
Example 84

(63771 Example 94, 3-(((3-(diethylamino}propoxyjcarbonyoxy }-2-{({3-(5,5-
dioctyl-1,3-dioxan-2-vpropanoyhoxy ymethy Dpropyl (92,127)-octadecs-9,1 2-diencate
[6378] Step L ‘3»(5 S-droetyl-1,3-dioxan-2-yhpropanenitrile

U “““ \

[8379] Prepared according to General Procedure A using 2,2-dioctylpropane-1,3
diol, yield 500 mg (70%). 'H NMR (400 MHz, Chloroform-d): & 0.83-0.91 {m, 6H), 0.92—
1.02 (m, ZH}, 1.05-1.35 {(m, 24H), 1.53-1.63 (m, ZH), 1. 89-1.99 (m, 2H}, 2.47 (t, /=74 Hz,
2H), 3.37(d,J=11.1 Hz, 2H), 3.76 (d, J=11.1 Hz, 2H), 4.55 (t, J = 4.6 Hz, 1H).

[0388) Step 2: 3-(5,5-dioctyl-1,3-dioxan-2-yl)propanoic acid
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[6381] Prepared from 3-(5,5-dioctyl-1,3-dioxan-2-yvl)propanenitrite according to
(General Procedure B, yield 460 mg (70%}. 1H NMR (400 MHz, DMSQO-46): 4 0.78-0.97 (m,
8H), 1.02-1.35 {m, 24H), 1.47-1.57 (m, 2H), 1.67-1.76 (m, ZH), 2.26 (t, J = 7.5 Hz, 2H),
3.33(d,J=10.3 Hz, 2H), 3.67 (d, J= 10.9 Hz, 2H), 4.44 (1, J= 4.8 Hz, 1H), 12.05 (s, 1H).

[0382] Step 3 3-{(3~(5-hexyi-S-octyl-1,3-dioxan-2-yl)propancyijoxy)-2-

{(hydroxymethyhpropvl (92,127)-cctadeca-9,12-dienoate

N — T/O\/Q/GH

(683831 Prepared from 3-(5 5-dioctyl-1,3-dioxan-2-yvDpropanocic acid according to
General Procedure (', yield 80 mg (40%). 'H NMR (400 MHz, Chloroform-d): § 0.79-1.01
(m, 11H), 1.02-1.45 (m, 38H), 1.56-1.65 (m, 4H), 1.89-1.99 {m, 2H), 1.99-2.09 {m, 4H),
212-226(m, 2Hy, 231 (1, J=T76Hz, 2H), 247 (t, J=T5Hz, 2H), 276 (1, /=63 Hz, 2H),
334(d, J=110Hz 2H), 3601, J=060Hz 2H),3.74{d, /=111 Hz, 2H), 417 (1, /=71
Hz, 4H), 4.42-4.54 (m, 1H), 5.30-5.39 (m, 4H),

[0384] Step 4 3-({(3-{diethylamino)propoxy jcarbonyJoxy )-2-{({(3-(5, S-dioctyl-
1,3~dioxan-2-yhpropanoy Doxyimethyhpropyl  (92,127)-octadeca-9,12-diencate  (Example
S4). Prepared from 3-{{3~(5-hexyi-S-octyl-1,3-dioxan-2-yl}propanoyioxy }-2-
(hydroxymethyhpropyl (97,127)-octadeca-9,12-dienocate and 3-(diethylamino}-1-propanol
according to Geuveral Procedure D, yield 27 mg (73%). LCMS (Method B): found w/z for
(M} = 8929, RT = 1.93 mun.
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Example 85
[(385] Example 95, 3-((3-(5,5-dioctyl-1,3-dioxan-2-vl)propanoyoxy - 2-({({{{1-
ethyipipenidin-3-ylymethoxy jcarbonyloxvmethyDpropyl  (97,1272)-octadeca-9,12-dienoate:
prepared from 3-{{3~(5-hexyl-S-octyl-1,3-dioxan-2-ypropanoyljoxy )-2-
(hydroxymethylipropyl {97122 -octadeca~9,12-diencate  and {1-ethylpiperidin-3-
ylmethanol according to General Procedure D, yield 27 mg (59%). LCMS (Method B):
found m/z for (M+H} = 905.0, RT = 1.94 mn.

r//‘
N~
0%‘/0 IOW\/’\/
Lo S
Example 88

[8386] Example 96,  3-{({4,4-bis{Z-(octyloxyjethoxybutanoyDoxy 1-2-(({((3~
(diethylamime)propoxy carbony HoxyymethyDpropyl (92,122 -0ctadeca-9,12-diensate
(8387} Step 11 4,4-bis(2-{octyloxy)ethoxybutanenitrile
A

J

o
NCMO‘/\“Q\/\M

[0388) Prepared according to General Procedure A using 2-{octyloxyjethan-1-0l,

yield 340 mg (21%;). 'H NMR (400 MHz, Chloroform-d): § 0.87 (1, /= 6.7 Hz, 6H), 1.23 -
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1.37 {m, 208, 153 (d, /=77 Hz, 2H), 1.58(d, /=78 Hz, 2H}, 1.93 - 2.03 {m, 2H), 2.44
{(t, J= T4 Hz 2H), 343 {t, J = 6.8 Hz, 4H), 3.55 {t, / = 4.8 Hz, 4H)}, 3.58 — 3.69 (m, ZH},
3.70 ~3.80 {m, 2H), 4.70 (t, J = 5.4 Hz, 1H).

[8389] Step 20 4,4-bis{2-{octyloxyethoxyybutanoic acid

jo\/\/\/\/
O

HG\[(\/\Q/\/GMN

o)

[8398] Prepared from 4,4-bis(2-{octyloxy)ethoxyibutanenitrile according 1o
General Procedure B, yield 136 mg (81%). 'H NMR (400 MHz, DMSO-ds): § 0.85 (/= 6.7
Hz, 6H), 1.07 ~ 1.36 (m, 20H), 1.47 {t, J = 6.9 Hz, 4H), 1.68 ~ 1.79 (m, 2H), 2.23 (1, /= 7.5
Hz, 2H), 3.36 (t, J= 6.5 Hz, 4H), 3.42 — 3.56 (m, 6H), 3.58-3.63 (m, 2H), 4.55 {1, J = 5.6 Hz,
1H}, 12,04 (5, 1H).

(0391} Step 3, 3-{{4,4-bis(2-{octyloxy)ethoxybutanoy Boxy)-2-
{(hydroxymethyhpropvl (92,127)-cctadeca-9,12-dienoate

ja\/"\/ N e
o) o

(0392} Prepared from  4,4-bis{2-{octyvioxy)ethoxybutanoic acid according to
General Procedure C, yield 147 mg (53%). 'H NMR (400 MHz, Chloroform-d): & 0.83-0.92
(o, 9H), 113 = 141 (m, 37H), 1.55 — 1.65 (m, 3H), 1.92-2.09 (m, 6H}, 2.13-2.22 {m, 1H),
227 -236{(m, 3H), 242 (1, J=T74 Hz, 2H), 276 (1, /= 65 Hz, 2H}, 343 {1, /= 6.8 Hz,
4H), 3.55 (1, J = 4.8 Hz, 4H), 3.56 — 3.66 (m, 4H), 3.67 — 3.77 (m, 2H), 4.08 — 4.23 (m, 4H),
4.64 (t,.J= 5.5 Hz, 1H), 528 - 541 {(m, 4H).

[0393] Step 4 3-{{4,4~-bis(2-{octyloxyethoxyYbutanoy Doxy 3-2-({{(3-
(diethylammo)propoxy jearbonyoxy ymethy Dpropyl (97,127)-octadeca~9,12-diencate
(Example  96). Prepared  from  3-((4,4-bis{2-(octyloxy jethoxy)butanoyloxy 3-2-
(hydroxymethyDipropyl (97,127)-octadeca-9,12-dienvate and 3-(diethylammo}-1-propanol
according to General Procedure D, vield 36 mg (62%). LCMS (Method B): found nv/z for

(M} = 941.0, RT = 1.80 mun.
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Example 87
[08394] Examnple 97, 3~({4,4-bis{2-(octyloxyjethoxy jbutanoyoxy }-2-({{({{(1-
ethyipiperidin-3-ymethoxy)carbonyDoxy ymethyDpropyl  (97,127)-octadeca-9, 1 2-dienoate:
prepared  from  3-((4,4-bis(2~(octyloxy)ethoxybutanoyljoxy)-2-(hydroxymethy Dpropyi
(97,127-0octadeca-9,12-diencate and {I-ethylpiperidin-3-vDimethanol according to General
Procedure D, vield 27 mg (58%). LCMS (Method B): found m/z for (M+H) = 953.0, RT =

1.81 min.

Exampie 88
[0395] Example 98, 3-({(44-bis{{{Z}-non-Z-en-1-yhoxy}butanoyoxy}2Z-{({{3-
{diethylammo)propoxy }earbonyloxy ymethylipropyl (92,127 -octadeca-9,1 2-dienoate
[6396] Step 1: 4,4-bis{({{Z)-non-2-en-1-ylioxy jbutanenitrile
f\\/\/\/
O
NC/\/J\QW
[6397] Prepared according to General Procedure A using {Z)-non-2-en-1-0l, yield

610 mg (38%). 'H NMR (400 MHz, Chioroform-d} 8 0.87 (1, J = 6.7 Hz, 6H), 1.19 — 1.41
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(m, 18H), 1.97 (q J = 7.3 Hz, 2H), 2.05 (g, J = 7.2 Hz, 41), 2.42 (t, J = 7.4 Hz, 2H), 4.04 —
421 (m, 4H), 4.65 (t, J = 5.3 Hz, 1F), 5.45 ~ 5.65 {m, 4H).
(083981 Step 20 4,4-bis{{{Z)-non-2-en-1-yHoxy }butanocic acid

f\/\/\/

G

HQNG/\\:::: Ao N

[8399] Prepared from 4,4-bis{{{Z}-non-2-en-1-yhoxybutaneniirile according o
General Procedure B, yield 550 mg, 87%. 'H NMR (400 MHz, DMSO-ds) § 0.85 (1, J=6.4
Hz, 6H), 1.09 - 1.39 (m, 16H), 1.76 (q. J = 6.9 Hz, 2H), 2.02 (q, J = 6.8 Hz, 4H), 2.22 (t, J =
74 Hz, 2, 3.95 - 4.11 (m, 4H), 4.53 (t, 7= 5.6 Hz, 1H), 5.41 — 5.57 (m, 4H), 12.06 (s, 1H).

[0400] Step 3: 3-({4,4-bis{{{Zynon-2~en-1-yHoxyibutanoyjoxy}-2-
(hydroxymethylipropyl (97,12 2}-octadeca-2,12-dienoate

= TN
SOH o

o o)

[8401] Prepared from 4,4-bis({{Z)-non-2-en-1-yhoxy)butanoic acid according fo
General Procedure C, yield 390 mg, 71%. 'H NMR (400 MHz, Chloroform-d) § 0.80 — 0.94
{m, SH), 1.19 — 140 {m, 29H), 1.56 — 1.67 {m, 2H)}, 1.90 — 2.10 (m, 10H), 2.12 - 2.27 {m,
2H), 2.31 (1, J= 7.6 Hz, 2H), 2.41 (t, J= 7.4 Hz, 2H), 2.76 (t, J= 6.4 Hz, 2H), 3.60 {t, J= 5.9
Hz, 2H), 4.01 — 4.23 (m, 8H), 4.58 (t, J= 5.5 Hz, IF), 5.26 — 5.43 (m, 4H), 5.44 — 5.62 (m,
4H),

6402} Step 4 3-((4,4-bis{{{Zynon-2~en-1-yhoxy butanoy Hoxy)-2-{{({ (3~
{diethylammo)propoxy jearbonyljoxy ymethylipropyl (92,127 -octadeca-9,12~dienoate
(Example 983 Prepared from  3-({(4,4-bis{{{Z)-non-Z-en-1-yljoxyjhutanoyDoxy -2~
(hydroxymethyDpropyl (92,1273 -octadeca-9,12-dienocate and 3-(diethylamino)-1-propanct
according to General Procedure D, vield 70 mg (71%). LCMS (Method BY. found nv/z for
(M+H} = 876.9, RT =181 min.
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{04031 Example 99 3-((4,4-bis{{{Z)-von-2-en-i-yhoxytbutanoviyoxy }-2-{{{{(1-
ethyipiperidin-3-yl)methoxycarbonyloxyymethyDpropyl  (92,122)-octadeca-9,12-diencate:
prepared from  3-({4,4-bis({{Z)-non-2-en- 1 -vhoxybutanovhioxy }-2-(hvdroxymethylpropyvl
(97, 12Z-octadeca~-9, 1 2-diencate and (1-ethylpiperidin-3-vljymethanol according to General

Procedure D, yield 45 mg (81%;). LCMS (Method B): found w/z for (M+H) = 8609, RT =

1.56 mun.
I/
Kr -
N ° |
L 1
Wx‘:/\\_“:/\/\v/\//\n/{} ONOW/
Q Q
Exampie 100

[0404] Example 100, 3-((4.4-bis({{Z)-hex-3-en-1-yhoxybutanoyoxy-2-((((3-
(diethylammopropoxy jearbony DoxyymethyDpropyl (92,122 -0ctadeca-9,12-dienoate

[0405] Step 10 4,4-bis{{{ Z)-hex-3-en-1-vi}oxy}butanenitrile

o~
NCWI\OW
[6406] Prepared according to General Procedure A using {(¥)-hex-3-en-1-0l, vield

350 mg (S1%).
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(84071 Step 2: 4,4-bis{{{Z)-hex-3-en-1-yjoxybutanoic acid

:

0)

HQNQ/\/T«\/

&)

[0408] Prepared from 4,4-bis{{{Z)-hex-3-en-1-yljoxy}butanenitrile according to
General Procedure B, vield 310 mg (82%). 'H NMR (400 MHz, DMSO-ds) § 0.92 (1, /= 7.5
Hz, 6H), 1.72 (q, J = 7.0 Hz, 2H), 1.95 ~ 2.07 (m, 4FL), 2.17 ~ 2.27 (m, 6H), 3.31 ~ 3.42 (m,
ZH), 3.44 — 3.55 (m, 2H), 4.49 (t, J = 5.6 Hz, 1H), 5.27 ~ 5.38 (m, 2H), 5.36 ~ 5.47 {m, 2H),
12.05 (s, 1H).

{34091 Step 3: 3-{(4,4-bis{({{ Z}-hex-3-en-1-yoxy)butanoylioxy -2~
(hydroxymethyhpropyl {92,127 -0octadeca-9 1 2-diencate

LOH o
WWWW\/\WQ\/&fQW/\VJ\O/\/“—“\/
0 0

{8419} Prepared from 4,4-bis{{{Z}-hex-3-en-1-yHoxy)butanoic acid according to
General Procedure C, vield 165 mg (37%). 'H NMR (400 MHz, Chloroform-d} 8 0.88 (t, J =
6.7 Hz, 3H), 0.95 (t, J = 7.5 Hz, 6H), 1.30 (s, 16H), 1.56 — 1.66 (m, 2H). 1.88 — 1.98 (m, 2H),
2.04 {q,J = 7.2 Hz, 8H), 2.18 (1, J = 6.8 Hz, 2H), 2.31 {t, /= 7.3 Hz, 6H), 2.41 (t, J = 7.5 Hz,
2H), 2.76 (t, J = 6.4 Hz, 2H), 3.42 (q, J = 7.4 Hz, ZH), 3.52 - 3.65 (m, 4H), 4.17 (t, J= 5.3
Hz, 4H), 452 (, J= 5.6 Hz, 1H), 5.27 — 5.41 {m, 4H), 5.41 — 5.50 (m, ZH).

8411} Step 4: 3-({4,4-bis({{Z)-hex-3-en-1-yhoxy Ybutanovoxy)-2-{{{{3-
{diethylamimno)propoxy jcarbonyloxy ymethylpropyl (92,127} -octadeca-9,12-diencate
{(Example 100). Prepared from 3-((4,4-bis{{({Z)-hex-3-en-1-yloxy)butanovijoxy)-2-
{hydroxymethylpropyl {92,127} -octadeca-9,12-diencate and 3-{diethylaminc}-1-propancl
according to General Procedure D, vield 29 mg (52%). LCMS (Method B): found m/z for
(M+H3= 7928 RT =149 min.
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Example 101
{04121 Example 101, 3-({4,4-bis{{{Z)-hex-3-en-i-yhoxybutanoyvhoxy)-2-{{{{{1-
ethylpiperidin-3-yDmethoxy JearbonyloxymethyDpropyl  {872,127)-octadeca-9,12-dienocate:
prepared from  3-({4,4-bis{({Z)-hex-3-en- 1 -yDoxybutanovioxy}-2-(hydroxymethy Dpropvi
(97,127 -octadeca~-9, 1 2-diencate and {(1-ethylpiperiddin-3-vljymethano! according to General
Procedure D, yield 29 mg (S1%). LCMS (Method B): found w/z for (M+H) = 804.8, RT =

1.530 mun.

r/

g
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Example 102
[8413] Hxample 102, 3-{((4,4-bis{{{Z)-hept-3-en-1-yhoxy hutanoyoxy}-2-({{(3-
{diethylammo)propoxy jearbonyljoxy ymethylipropyl (82,127 -octadeca-9,1 2-dienoate

[8414] Step 1. 4,4-bis{{{Z)-hept-3-en-1-yloxy)bulaneniirile

-117-



WO 2021/141969 PCT/US2021/012282

[8415] Prepared according to General Procedure A using (Z)-hept-3-en-1-0}, yield
310 mg (41%). 'H NMR (400 MHz, Chloroform-d) § 0.90 (t, J = 7.4 Hz, 6H), 1.30 ~ 1.44
(m, 4H), 1.89 ~ 1.99 {m, 2H), 2.02 (g, J = 7.3 Hz, 4H), 2.32 (q, /= 7.0 Hz, 4H), 2.41 (¢, J =
7.4 Hz, 2H), 3.40 — 3.48 (m, 2H), 3.54 — 3.66 (m, ZH). 4.58 (¢, J = 5.3 Hz, 1H), 5.31 — 5.42
(m, 2H)}, 5.42 —5.53 (m, 2H).
[0416] Step 2: 4,4-bis{{{Z)-hept-3-en-1-yl}oxybutanoic acid
™~

:

i
o~

HC\ET/\\/'L\ QW
O

[8417] Prepared from 4,4-bis{({Z}-hept-3-en-1-yljoxy}butanenitrile according to
General Procedure B, vield 320 mg (83%). 'H NMR (400 MHz, DMSO-ds) 5 0.86 (1, J= 7.3
Hz, 6H), 1.21 -~ 1.40 (m, 4H), 1.72 (g, /=72 Hz, 2H), 1.99{(q, J = 6.9 Hz, 4H), 2.18 - 2.28
(m, 6H), 3.31 — 3.42 (m, 2H), 3.44 — 3.55 (m, 2FL), 4.49 (t, J = 5.6 Hz, 1H), 531 — 5.47 (m,
485, 12.05 (s, 1H).

[0418] Step 3 3-({4,4-bis{{{Z)-hept-3-en-1-yhoxyYbutanovhoxy)-2-
{(hydroxymethylpropyl (92,127)-cctadeca-9,12-dienoate

[8419] Prepared from 4,4-bis{{{Z}-hept-3-en-1-yhoxybutancic acid according to
General Procedure C, vield 295 mg, 45%. 'H NMR (400 MHz, Chioroform-d) § 0.83 —~0.93
(m, 9H), 1.22 — 1.44 {m, 18H), 1.57 ~ 1.67 (m, 2H), 1.88 — 2.09 (m, 10H), 2.19 (g, J = 5.9
Hz, 2H), 2.25 ~ 2.35 (m, 6H), 2.41 (t, J = 7.5 Hz, 2H), 2.76 {1, J = 6.5 Hz, 2H), 3.36 ~ 3.47
{m, ZH), 3.52 - 3.65 (m, 4H), 410 — 4.23 {m, 4H), 432 (1, /= 5.5 Hz, 1H)}, 526 - 5.51 (m,

8H).
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(684281 Step 4: 3-{{4,4-bis{{{Z-hept-3-en-1-yhoxy Ybutanoyoxny)-2-{{{(3-
{diethylamino)propoxy earbonyljoxy ymethypropyl (92,127 )-octadeca-9,12-dienoate
(Example 102). Prepared from  3-{{4,4-bis{{{Z)-hept-3-en-1-ylioxybutanoyoxy}-2-
(hydroxymethyDpropyl (92,122-octadeca-2,12-dienoate and 3-{diethylamino}-1-propancl
according to General Procedure D, yield 40 mg (72%). LCMS (Method B). found m/z for
{(M+H)=8208 RT =160 min.

Example 103
[0421] Example 103, 3-({(4.4-bis{{({Z)-hept-3-en-1 -vhoxyybutanoyoxy -2-{({({{1-
ethylpiperidin-3~-yUmethoxy)carbonyloxy ymethyhpropyl  (97,127)-octadeca~9,12-dienocate:
prepared  from  3-{{4,4-bis{{{Z)-hex-3-en-1-vhoxyhutanoyioxy)-2-(hy droxymethy Dpropyi
(97,127 0ctadeca-9,1 2-diencate and (I-ethylpipenidin-3-yDmethanol according to General
Procedure D, vield 46 mg {83%). LCMS (Method B): found m/z for (M+H) = 832.8, RT =
1.61 nun

P
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Example 104
(84221 Example 104, 3-{{4,4-bis{oct-3-yn-1-yloxybutanoyoxy 3-2-(({(3-

{(digthylammo)propoxy jearbonyoxyymethyDpropyl (9Z7,12Z)-0ctadeca-9,12-diencate
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0423} Step 1. 4,4-bis{oct-3-yn-1-yloxy}butanenitrile

[8424] Prepared according to General Procedure A using oct-3-yn-1-ol, yield 410
mg {28%). 'H NMR (400 MHz, Chloroform-d} 8 0.89 (¢, J = 7.1 Hz, 6H), 1.31 — 1.51 {m,
8H), 1.92-2.02 (m, 2ZH}, 2.09 - 219 (m, 4H}, 2.38 — 2.49 (m, 6H]}, 3.50 - 3.61 (m, 2H), 3.64
~3.74 (m, 2H), 4.67 (1, /=54 Hz, 1H}

[8425] Step 20 4,4-bis{oct-3-yn-1-yloxy)butancic acid

=

Q AR
HQ\Q’/\‘")\O/\/
O

[8426] Prepared from 4,4-bis{oct-3-yn-1-vioxybutanenitrile according to General
Procedure B, vield 310 mg (82%). 'H NMR (400 MHz, DMSO-ds) § 0.86 (1, J = 7.0 Hz, 6H),
1.26 — 1.45 (m, §H), 1.74 (q, /= 7.0 Hz, 28, 2.07 — 2.17 (m, 4H), 2.25 (t, J = 7.5 Hz, 2H),
2.30 -~ 2.41 {m, 4F1), 3.40 ~ 3.51 (m, 21}, 3.52 ~ 3.62 (m, 2H), 4.56 (1, J= 5.7 Hz, 1H), 12.06
(s, 1H).

(04271 Step 3 3-{{4,4-bis{oct-3-yu-1-yloxyYsutanoylioxy 3-2-
(hydroxymethylipropyl {97,127 -octadeca-9, 1 2-dienocate

g

OH ~
\/[ O /N/\\
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[68428] Prepared from 4.4-bis{oct-3-yn-1-yloxyibutanoic acid according  to
General Procedure C, vield 390 mg (60%). 'H NMR (400 MHz, Chloroform-d) § 0.83 - 0.93
(m, OH), 1.22 ~ 1.51 (m, 22H), 1.57 — 1.65 (m, 2H), 1.90 ~ 2.00 {m, 2H), 2.04 (q, J = 6.9 Hz,
4H), 2.08 - 2.23 (m, 6H), 2.31 (¢, J = 7.6 Hz, 2H), 2.36 — 2.47 (m, 6H), 2.76 (£ J = 6.4 Hz,
2H), 3.48 - 3.71 {m, 6H), 4.08 - 4.23 {m, 4H), 460 (t, /=356 Hz, 1H), 5.26 ~ 5.42 {m, 4H).

[0429] Step 4: 3-{{4,4-bis{oct-3-vn-1-viexyybutanoyDoxy }-2-({({(3-
(diethylammo)}propoxy earbonyoxy ymethyDpropyl (92.122)-octadeca-9,12-diencate
{Example 104), Prepared from 3-({4,4-bis(oct-3-vn-1-vioxybutanoyljoxy}-2-
(hydroxymethylipropyl (97,127)-octadeca-9,12-diencate and 3-{diethylamino}-1-propanol
according to General Procedure D, vield 62 mg (67%) LCMS (Method B): found m/z for
(M+H) = 844.9, RT = 1.56 min.
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Exampis 185

[0430] Example 105, 3-{{4,4-bisf{oct-3-yn-1-yloxy butanoyoxy }-2-{{{{{1~
ethyipiperidin-3-ylmethoxyJcarbonyDoxy ymethyDipropyl  (92,127)-octadeca-9,12-dignoate:
prepared  from  3-((4,4-bis{(({Z)-hex-3-en-1-yhoxybutavoyioxy)-2-(hy droxymethy Dpropyl
(92,127-0ctadeca~9,1 2-dienoate and (1-cthylpipendin-3-yhmethanol according to General
Procedure D, vield 43 mg (51%). LCMS (Method B): found m/z for (M+H) = 856.9, RT =
1.57 min.
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Example 108
[8431] Example 106, 3-({(44-bis{{{Z}-oct-3-en-1-yljoxybutanoyoxy}-2-{{{(3-
{diethylamino)propoxy jcarbonyljoxy ymethybipropyl (92,127} -octadeca-9, 1 2-diencate

{0432} Step 1: 4,4-bis({{Z)-oct-3-en-1-yhoxy)butanenitrile

J

O

NC/\/J\OWW

{84331 Prepared according to General Procedure A using (Z}-oct-3-en-1-0l, yvield
100 mg (40%). 'H NMR {400 MHz, Chloroform-d} 8 0.79 — 0.99 {m, 7H), 1.16 — 1.39 (m,
OH), 1.90— 1.98 {m, 2H), 2.03 (d, /= 6.9 Hz, 4H), 232 (q, /=70 Hz 4H), 241 {t, /=74
Hz, 2H), 3.39 - 3.49 (m, 2H), 3.56 ~ 3.66 (m, 2H), 4.57 (1, J = 5.4 Hz, 1H), 5.29 - 5.40 (m,
2H), 5.41 - 5.52 (m, 2H).

[0434] Step 20 4,4-bis{{{Z}-oct-3-en-1-yhoxybutanoic acid

O
HGW N NN
O
O
[0435] Prepared from 4,4-bis{{{Z)-oct-3-en-1-yhoxyibutanenitrile according to

General Procedure B, yield 320 mg, 83%. 'H NMR (400 MHz, DMSO-ds) & 0.83 — 0.89 (m,
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6H), 1.18 ~ 1.36 (m, SH), 1.72 (q, /= 7.0 Hz, 2H), 2.01 (g, J = 6.7 Hz, 4H), 2.15 ~ 2.29 (m,
6H), 3.31 ~ 3.42 (m, 2H), 3.44 — 3.54 (m, 2H), 4.49 (1, /= 5.5 Hz, 1H), 5.30 ~ 5.47 (m, 4H),
12.06 (s, TH).

[8436] Step 3 3-{{4,4-bis{({Z)-oct-3-en-1-y}oxybutanoylioxy}-2-
(hydroxymethyhpropyl {92,127 -0octadeca-9 1 2-dienoate

[8437] Prepared from 4,4-bis({{Z}-oci-3-en- 1-yhoxybutanoic acid according to
General Procedure C, yield 310 mg, 48%. 'H NMR (400 MHz, Chloroform-d) § 0.84 — 0.93
(m, 9H), 1.20 — 142 (m, 25H), 1.55 — 1.69 {m, 2H), 1.89 — 1.98 {m, 2H}, 198 — 2.08 {m,
THY, 2,13 - 2.22 (m, 2H), 231 (t, J = 72 Hz, 5H), 241 (1, /=75 Hz, 2H), 2.76 {t, /= 6.0
Hz, 2H), 3.42{q, J = 7.6 Hz, 2H}, 3.52 - 3.65 {m, 4H), 4.09 ~ 4.28 {m, 4H), 448 ~ 4.56 {m,
1), 5.27 - 5.41 (m, SH), 5.39 - 5.53 (m, 21,

3

[0438] Step 4 -{{4,4-bis{{{Z}-oct-3-en-1-yHoxy tbutanoyyoxy }-2-{({{({3-

{diethylammo)propoxy jearbonyljoxy ymethylipropyl (92,127 -octadeca-9,12-dienoate
(Example 106).  Prepared from  3-{{4,4-bis{{{Z}-oct-3-en-1-ylJoxybutanoyoxy}-2-
{(hydroxymethyhpropyl (92,127-octadeca-9,12-dienocate and 3-(diethylamino}-1-propanol
according to General Procedure D, yield 47 mg (82%). LCMS (Method B). found m/z for
(M-+H} = 8489, RT =172 min.
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Exampie 107
[6439] Example 107, 3-{(4,4-bis{{{Z}-oct-3-en-t-yhoxy ybutanovyoxy -2-{{{{(1-
ethylpiperidin-3-yDmethoxycarbonylyoxy ymethylipropyl  {92,127)-octadeca-9,12-dignoate:
prepared from  3-{{(4,4-bis{{{Z}-oct-3-en-1-yloxy)butanovhoxy)-2-Chvdroxymethy Dipropyl
(9%, 12 -octadeca-2 1 2-diencate and {1 -ethylpiperidin-3-vljmethanol according to General
Procedure D, yield 45 mg {81%). LCMS {Method B): found m/z for (M+H) = 8609, RT =

1.56 mun.

0,0 I
Lo 8
o o

Example 108
[0440] Example 108, 3-((4,4-bis{({{Z)-non-6-en-1-yhoxybutanoyhoxy}-2-({({(3-
{diethylamino)propoxy yearbonyoxy ymethyDpropyl (97, 122)-octadeca-9,12-dienocate
0441} Step 17 4,4-bis({{Z)-von-6-eu-1-yHoxyYbutanenitrile
v
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(684421 Prepared according to General Procedure A using (Z)-non-6-en-1-0l, yield
610 mg (37%). 'H NMR (400 MHz, Chloroform-d) § 0.94 (t, J = 7.5 Hz, 6H), 1.29 — 1.43
(m, SH), 1.53 — 1.63 (m, 4H), 1.89 — 1.97 (m, 2H), 1.96 — 2.11 (m, 8H), 2.41 (t, J = 7.4 Hz,
2H), 3.36 — 3.47 (m, ZH), 3.53 ~ 3.65 (m, 2H), 4.54 (t. J = 6.9 Hz, 1H), 5.18 ~ 5.52 (m, 4H).
[0443] Step 2. 4,4-bis{{{Z)-non-G-en-1-yijoxy }butancic acid

=

Q

G
{8444 Prepared from 4,4-bis{{{Z}-non-6-en-1-yhoxy }butanenitrile according to
General Procedure B, yield 280 mg, 73%. 'H NMR (400 MHz, DMSO-ds) 6 0.91 (t, J = 7.5
Hz, 6H), 121 - 134 (m, 13H), 140 (t, J=67 Hz, 2H), 143 - 1.52(m, ZH)}, 1.72{q, /=71
Hz, 1H), 1.9 ~2.07 {m, &), 221 {t, J= 74 Hz, 1H), 3.32 ~3.41 (m, 3H}, 3.42 ~ 3.53 (m,
1H), 4.32 (s, 1H), 5.24 — 5.39 (m, 4H),

[0445] Step 3 3-{{4,4-bis{{{Zynon-6-en-1-yljoxybutanoyoxy)-2-
(hydroxymethylipropyl (92,127}-octadeca-9,12-diencate
W
- m/\/\/”\/\nfg O\F/\J)\Q/\v/\/\:/\
o o

[8446] Prepared from 4,4-bis(({Z)-non-6-en-1-vijoxy}butancic acid according to
General Procedure C, vield 318 mg, 49%. 'H NMR (400 MHz, Chioroform-d) § 0.86 — 0.90
{m, 4H), 094 {t, /=75 Hz, 9OH}), 130~ 1.41 {m, 15H), 1.56 - 1.67 (m, 2H), 1.92 (q, /=73
Hz, 3H), 2.01 - 2.04 (m, SH), 2.19 (q. /= 6.5 Hz, 3H), 2.31 (&, J = 7.6 Hz, 3H), 240 (t, J =
7.5 Hz, 3H), 2.76 {1, J = 6.4 Hz, 3H), 3.34 — 3.44 (m, 3H), 3.50 - 3.65 (m, 6H), 4.06 ~ 4.23
(m, 7H), 4.48 (¢, J = 5.5 Hz, 2H), 5.17 ~ 5.50 (m, 12H).
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(84471 Step 4: 3-((4,4-bis{{{ Z)-non-t-en-1-yHoxy }butanoy Doxy - 2-({{(3-
{diethylamino)propoxy earbonyljoxy ymethypropyl (92,127 )-octadeca-9,12-dienoate
(Example 108). Prepared from  3-((4,4-bis({{Z)-non-6-en-1-yloxybutanoyoxy}-2-
(hydroxymethyDpropyl (92,122-octadeca-2,12-dienoate and 3-{diethylamino}-1-propancl
according to General Procedure D, yield 36 mg (69%). LCMS (Method B). found m/z for
{(M+H)}=8769, RT =178 min.

r/{/ﬁ\\{/
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Example 108

[0448] Example 109, 3-({(44-bis({{Z3-non-6-en-1-yhoxy ybutanoyDoxy }-2-{(({{1-
ethylpiperidin-3-yimethoxy)earbonyloxy ymethylpropyl  (92,127)-octadeca-~9,12-dignoate:
prepared from  3-({(4,4-bis{{{ Z}-non-G-en-1-yhoxy hutancyoxy }-2-(hydroxymethyhpropyl
(97,127 0ctadeca-9,1 2-diencate and (I-ethylpipenidin-3-yDmethanol according to General
Procedure D, vield 37 mg {67%). LCMS (Method B): found m/z for (M+H) = 8889, RT =
1.77 min.

r
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Exampie 110

{04491 Example 110,  3-{(4,4-bis{{&-fluorcoctyljoxybutanoy Doxy - 2-((((3-
(dicthylammo}propoxy earbony DoxyymethyDpropyl (92,122 -0ctadeca-9,12-diensate

[8450] Step 11 4,4-bis{{8-bromooctyljoxybutanenitrile
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[8451] Prepared according to General Procedure A using &-bromooctan-1-ol,
yield 750 mg (33%). 'H NMR (400 MHz, Chloroform-d} § 1.22 — 1.41 {m, 12H), 137 - 148
(m, 4H), 1.56 {t, /= 7.3 Hz, 4H), 1.78 — 1.91 (m, 4H), 188 ~ 1.98 {m, ZH)}, 241 {t, /=73
Hz, 2H), 3.33 — 3.47 (m, 6H), 3.51 — 3.64 (m, 2H), 4.54 (1, J = 5.3 Hz, 1H),

[8452] Step 2. 4,4-bis{{3-fluoroociyloxy hutanenitrile

NN

NG/\/J\OW\/A\/F

[6453] A solution of tetrabutylammoniom fluoride 1o THF (1M, 4.65 mi, 4.65
ramol, 3 Eq) was added to 4,4-bis{{8-bromoocty joxy)butanenttrile (750 mg, 1.55mmol}. The
mixture was allowed to stir for 24 b at 30 °C. After this time, the reaction mass was poured
oto ice cold water and then the organic layer was extracted with ethvl acetate (30 mL x 3).
The organic layer was washed with brine (5 ml x 3) and then it was dried over sodiom
sulfate. The organic layer was evaporated to get the crude. Crude was subjected to column
chromatography {using ethyl acetate/hexane) to afford 4,4-bis{(8-
fluorooctylioxy thutanenitrile (210 mg, 37%) as a pale vellow gum. 'H NMR (400 MHz,
Chioroform-d} 6 1.30 - 1.45 (m, IBH), 1.56 ~ 1.77 {m, 6H), 1.88 - 1.98 {m, 2H), 241 {t, /=
7.3 Hz, 2H), 3.32 - 3.47 {m, 2H), 3.54 ~ 3.64 (m, 2H), 437 (t, J = 6.2 Hz, 2H), 4.48 (1, J =
6.1 Hz, 2H), 4.54 (t, J = 5.3 Hz, 1H).

[8454] Step 3. 4,4-bis{(8-fluorooctyljoxy tbutanoic acid

N N

HQ\(\)\QA\//\/\/\\/ F

[8455] Prepared from 4 .4-bis({(8-fluorooctylioxy)butanenitrile  according  to
General Procedure B, yield 200 g (92%). 'H NMR (400 MHz, DMSO-ds} § 1.21 — 1.37 (m,
14H), 148 (1, /=06 Hz, 4H), 1.53 - 1.77 (m, 6H), 2.22 (t, /=74 Hz, 2H), 3.27 — 3.40 {m,
3H), 343 -3.54 (m, 2H), 436 (1, J=06.1 Hz, 2H), 4.41 —4.52 {m, 3H), 12.05 (5, 1H).

o

[0456] Step 4: 3-{{4,4-bis{(B-fluorcoctyhoxybutanoyoxy)-2-
(hydroxymethyhpropyl {92, 127)-0octadeca-9,12-dienoate
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[8457] Prepared from 4,4-bis{{8-fluorcoctyhoxybutancic acid according to
General Procedure C, vield 160 mg, 37%. 'H NMR (400 MHz, Chloroform-d} &6 0.88 {1, /=
6.9 Hz, 3H), 1.21 — 144 (m, 34H), 1. 58 = 1.77 (xn, 6H), 1.87 - 1.97 {m, 2H}, 2.04 (g, /=068
Hz, 4H), 213 -224 (m, 2H}, 231 (t, J=76 Hz, 2H), 240 (1, J=75Hz, 2H), 276 (t, J =
6.4 Hz, 2H), 3.34 — 3.44 (m, 2H), 3.50 = 3.65 {m, 4H), 4.10 — 4.23 (m, 4H), 436 (¢, J=6.1
Hez, 2H), 4.44 - 4.52 (m, 3H), 5.25 - 5.44 (i, 4H).

[0458] Step S 3-({4,4-bis{(B-fluorcoctyloxy ybutanoyvioxy)-2~-({({{3-
{diethylammo)propoxy jearbonyljoxy ymethylipropyl (92,127 -octadeca-9,12-dienoate

(Example 1103 Prepared  from  3-({4.4-bis{(8-fluorooctyioxybotanoyljoxy)-2~
(hydroxymethyDpropyl (92,127)-octadeca-9,12-dienoate and 3~(diethylammo}-1-propanol
according to General Procedure B, vield 18 mg (1%}, LCMS (Method B): found m/z for
(MHH) = 888.9, RT = 1.40 min,

0.0
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Example 111
0459 Example 111, 3-((4,4-bis{({8-fluorcocty hoxy ybutanoylyoxy }-2-({({{{1-
ethyipiperidin-3-ylmethoxy jcarbonyloxy ymethy Uipropyl  (92,122)-octadeca-9,12-diencate:
prepared  from  3-{{4 4-bis{{8-fluorooctyDoxybutanoviyoxy )-2-Chvdroxymethy lpropyl
(07 128)-0ctadeca~9,1 2~diencate and (1-ethylpipenidin-3-yhimethano!l according to General
Procedure D, yield 41 g (48%). LOMS (Method By found w/z for (MHH) = 9009, RT =

1.41 min.
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Example 112

[0460] Example 112, 3-((6,0-bis{{{Z)-oct-3-en-1-yhoxythexanoyoxy - 2-({({(3-

{hethylammo)propoxy yearbonyljoxy ymethyhpropyl (92,127-0ctadeca-9, 1 2-dienoate

[8461] Step 1 2-methoxyeyclohexan-T-one oxune
HO.
© N
[0462] To a stirred solution of 2-methoxycyclohexan-1-one {5 g, 39.0 mmol) in

MeOH-HO (150 mi, 1:2) was added sodium acetate (6.41 g, 78.1 mmol} followed by the
addiion of hydroxylamine hydrochloride (5.43 g, 78.1 mumol}. The resulting mixture was
heated at 70°C 1n a sealed tube for 16 h. After that ume, MeOH was evaporated and the
muxture was diluted with water, extracted with ethyl acetate (3 x 30 mL), washed with brine
and dried over sodium sulfate and concentrated under reduced pressure. The crude thus
obtained was purified by flash column chromatography eluting with 3% ethyvl acetate in
hexane to afford 2-methoxycyclohexan-I-one oxime {4.1 g, 88%) as colorless oil. 'H NMR
{400 MHz, DMSQO-de} 8 1.17-1.32 (m, 1H), 1 40-1.56 (m, 2H), 1.59-1.82 (m, 3H}, 1.92-1.99
{m, 1H}), 2.93-3.01 (m, 1H), 3.11 (s, 3H}, 3.63 (5, 1H}, 10.61 (s, 1H).

[0463] Step 2 6,6-dimethoxvhexanenitrile

o
Nﬁf\/\\/fl\ﬁ/
0464 To a stirred solution of 2-methoxycyclohexan-i-one oxime (2.0 g, 14.0

mmol) in CCly (20 ml) was added thionyl chloride (1.2 ml, 16.8 mmol) dropwise at 0°C and
stirred for 10 min. After that time, dry MeOH (20 mi} was added to the reaction nmixture at S-

10° €. After addition was complete, the reaction mixture was allowed to reach room

-129-



WO 2021/141969 PCT/US2021/012282

temperature and was left for 2 h. The mixture was then diluted with ethyl acetate and washed
with brine, dried over sodiuom sulfate and concentrated to afford 6,6-dimethoxyhexanenitrile
(1.6 g, 81% as light yellow oil. 'H NMR (400 MHz, Chloroform-¢} 6 1.44 — 1.56 (m, 2H),
1.57 — 1.75 (m, 4H), 2.34 (t, J= 7.0 Hz, 2H), 3.31 (s, 6H), 4.34 (t, J = 5.5 Hz, 1H).

[0465] Step 3. 6,6-bis{{{Z}-oct-3-en-1-yhoxyihexanenitrile

NQ/\\/\/’L\Q/\/‘“_“"W

[0466] Prepared  from  6,6-dimethoxyhexanenitrite  and  {#}-oct-3-en-1-ol
according to General Procedure A, yield 280 mg (50%). 'H NMR (400 MHz, DMSQO-ds) §
0.83 ~0.89 (m, 6H}, 1.21 —1.32(m, 8H), 1.31 - 1.43 (m, 2H)}, 1.47 - 1.61 {m, 4H), 2.01 (g, J
=6.7Hz, 4H), 223 (g, /=68 Hz, 4H}), 247 (d, /= 7.1 Hz, 2H}, 332 - 3.42 {(m, 2H), 3 .44 —
3.54 (m, 2H), 4.47 (t, J = 5.6 Hz, 1H), 5.30 — 5.47 (m, 4H).

[0467] Step4: 6,6-bis{{{Z)-oct-3-en-1-yijoxyhexanoic acid

o
HG\H/ ”\v’\/j\gf\v’";"\v"\,/
O

[0468] Prepared  from  6,6-dimethoxvhexanenurile  according to  General
Procedure B, vield 260 mg (30%). "H NMR (400 MHz, DMSO-de) 5 0.86 (g, /= 3.8, 5.1 Hz,
6H3, 1.21 — 1.34 (m, 10H}, 148 (¢, /= 7.6 Hz, 4H}, 2.00 (1, J= 6.7 Hz, 4H), 2.14 - 2.27 (m,
6H), 3.30 ~ 3.41 (m, ZH), 3.42 — 3.53 {m, 2H), 444 {t, J = 5.6 He, 1H), 5.30 ~ 5.46 {m, 4H),
11.97 (s, 1H).

[0469] Step 5 3-{{6,6-bis{{{ Z3-oct-3~en-1-vljoxythexanoyioxy -2~
{(hydroxymethyDpropyl (97,127)-0ctadeca-9,12-dienovate
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[6479] Prepared from 6,0-bis{{{Z)-oct-3-en-1-yljoxyhexanowe acid according to
General Procedure C, vield 70 mg {55%). 'H NMR (400 MHz, Chloroform-d) 3 0.83 — 0.95
(m, OH), 117 — 1.42 (m, 25H), 1.57 — 1.70 (m, SH), 2.04 (d, J= 7.0 Hz, §H), 2.18 (1, /= 6.2
Haz, 2H), 231 (t, J =67 He, BH), 276 (1, J = 0.5 Hz, 2H), 3.41 (g, J = 7.5 Hz, 2H), 3.50 ~
3.64 (m, 4H), 4.09 - 4.20 (m, 4H), 4.48 (1, J = 5.6 Hz, 1H), 5.32 - 5.37 (m, SH), 533 - 5.48
{(m, 3H)}.

[0471] Step & 3-{{6,6-bis({{Z)~oct-3-en~1 -vhoxyhexanoyDoxy - 2-({(((3-
(diethylammopropoxy jearbony Doxy ymethy Dpropyl (9Z,127)-octadeca~9,12-dienoate
(Hxample 112}  Prepared from 3-{{6,6-bis{{{Z}-oct-3-en-1-yhoxythexanoyloxy}-2-
(hydroxymethylipropyl (97,127)-octadeca-9,12-diencate and 3-{diethylamino}-1-propanol
according to General Procedure D, yield 37 mg (64%). LCMS (Method B): found mv/z for
(M+H} = 877.0, RT = 1.70 min.

Q
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Exampls 113
[0472] Example 113, 3-((6,6-bis{({{Z)-oct-3-en-1-vHoxy thexanoyloxy 3-2-(({({{(1-
ethyipiperidin-3-ylimethoxy)carbonyDoxy)methyDpropyl  (97,127)-0ctadeca-9,12-diencate:
prepared  from  3-{(6.6-bis{({Z)-cct-3-en-1-vhoxyhexanoylioxy}-2-(hydroxymethyDpropyl
(92,122)-octadeca-9,12-dienoate and (I-ethylpiperidin-3-ylimethano! according to General
Procedure D, yield 89 mg (70%). LCMS (Method BY: found nv/z for (M+H) = 889.0, RT =

1.79 mun.
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[0473] Example 114, 3-{(6,6-bis{{{Z}-hex-3-en-1-vi)oxvhexanoyloxy }-2-({({(3-
(diethylammo)propoxy ecarbonyhoxyymethyDpropyl (92,122)-0ctadeca-9,12-dienoate
[0474] Step 1. 6,6-bis{{{Z)-hex-3-en-1-yljoxy)hexanenitrile

)

S

O

NCWOW

[0475] Prepared from  6,6-dimethoxyhexanenitrile and  {(¥)-hex-3-en-1-0l
according to General Procedure A, vield 190 mg, 42%. 'H NMR {400 MHz, Chioroform-d) &
0.96 (t, J = 7.5 Hz, 6H), 1.58 — 1.74 (m, 6H), 1.99 ~ 2.11 (m, 4H), 2.20 — 2.38 (m, 6H), 3.36
—3.47 (m, 2H), 3.52 — 3.62 (m, 2H), 4.48 {1, J = 5.5 Hz, 1H), 5.27 — 5.39 (m, 2H), 5.46 (g, J
=7.6 Hz, 2H}.

{6476} Step 2: 6,6-bis{{(Z)-hex-3-en-1-yijoxyhexanoic acid

O
{04771 Prepared from 6,6-bis{{{Z}-hex-3-en-1-vhoxythexaneniirile according to
General Procedure B, vield 170 mg, 82%. H NMR (400 MHz, DMSO-de} § 092 (, /=75
Hz, 6H), 1.21 - 1.32 (m, 2H), 1.42 - 1535 {m, 4H), 1.95 - 2.07 (m, 4H), 2.14 - 2.27 (m, 6H)},
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331 —3.42 (m, 2H), 3.43 — 354 (m, 2H), 4.45 (t, J = 5.6 Hz, 1H}, 527 — 5.38 {(m, ZH), 5.36
~ 547 (m, 2H}, 11.96 (s, 1H).
[0478] Step 3: 3-{{6,6-bis{{{Z}-hex-3-en-1-yjoxyhexanovhoxy }-2-

)

Lo X,
\/WW\/\/\/\;(Q OWQW
O O

[8479] Prepared from 6,6-bis({{Z)-hex-3-en-1-vijoxyhexanoic acid according o
General Procedure C, yield 60 mg (45%). 'H NMR (400 MHz, Chloroform-d) § 0.88 (t, J =
6.7 Hz, 3H), 0.95(t, /=75 Hz, 6H), 1.18 - 1.44 (m, 15H), 1.56 ~ 1.70 (m, TH), 1.99 - 2.11
(m, 8H), 2.13 — 223 (m, 2H), 2.23 - 2.37 {m, 8H), 2.76 (1, J = 6.4 Hz, 2H), 3.36-3.47 (m,
ZH), 3.50 — 3.64 (m, 4H), 4.09 ~4.24 (m, 4H), 4.48 (t, J = 5.6 Hz, 1H), 5.26 — 5.51 (m, 8H).

[0480] Step 4: 3-((6,6-bis{{{Z}-hex-3-en-1-yhoxythexanoyDoxy }-2-{({({(3-

{(hydroxymethyDpropyl (97,127)-0ctadeca-9,12-dienoate

{diethylamino)propoxy yearbonylloxy ymethylipropyl (92,127} -octadeca-9,12-dienocate
(Example 114} Prepared from 3-({6,6-bis{{{Z)-hex-3-en-1-yl}oxy}hexanoyljoxy)-2-
{(hydroxymethylpropyl (92,122)-octadeca-9,12-diencate and 3-(diethylamino}-1-propancl

according to General Procedure D, vield 36 mg (62%) LCMS (Method B): found m/z for
{(M+H)=8209, RT =170 min.
/O\j\/’ !j
|
0\\\}/0 j

Exampie 115
[0481] Example 115, 3-((6,6-bis{{({ Z3-hex-3-en-1-yhHoxy hexanoyDoxy 3-2-((({{1 -
ethyipiperidin-3-ylymethoxy jearbonylioxyymethy Dpropyl  (97,122)-octadeca-9,12-dienoate:

prepared  from  3-((6,0-bis{{{Z)-hex-3-en-1-vDoxyihexanoyijoxy-2-(hydroxymethy propyvl
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(9Z,12Z)-octadeca-9,12-diencate and {(I-ethylpiperidin-3-ylimethano! according to General

Procedure D, yield 69 mg (72%). LCMS (Method BY: found m/z for (M+H) = 8330, RT =

1.60 min.

,’Q O/‘
|
~ /\V/\//\Ti/ 0\/&'0\”//\/\.//\0/\/’"\«@\«/
Q O
Example 118
[0482] Example 116, 3-((6,6-bis{({{Z)-oct-5-en-1-yHoxythexanoylioxy }-2-(({((3-

{diethylammo}propoxy jearbonvoxyimethvhpropyvl (92,127)-octadeca-9,12-dienoate
[0483] Step 1: 6,6-bis{{{#)-o0t-53-en-1~-ylloxythexanenitrile

[0484] Prepared from  6,6-dimethoxvhexanentirile and  {Z}-oct-S-en-1-0l
according to General Procedure A, yield 210 mg (47%). ‘H NMR (400 MHz, Chloroform-d)
5094 (t, /=75 Hz, 6H), 1.34 — 1.32 {(m, 4H), 1.47 — 1.74 (m, 10H), 1.95 — 2.10 (m, 8H},
233 (¢, J =71 Hz, 2H), 3.34 — 3.45 (m, 2H), 3.51 —3.61 (m, 2H), 4.44 (t, /= 5.5 Hz, 1H),
5.25 — 5.42 (m, 4H).

{84851 Step 2 6,6-bis({{Z)-oct-5-en-1-yDoxyhexanoic acid
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[8486] Prepared from 6,6-bis{({{Z)-oct-3-en-1-yloxylhexanentrile according to
General Procedure B, vield 150 mg, 94%. "H NMR (400 MHz, DMSO-de) § 0.91 (t, J=7.5
Hz, 6H), 1.24 — 1.41 {m, 6H), 1.42 — 1.53 (m, 8H), 1.93 — 2.06 (m, 8H), 2.18 (¢, J= 7.3 Hz,
7H), 3.31 — 3.40 (m, 2H), 3.43 — 3.53 (m, 2H), 440 (t, J= 5.6 Hz, 1H), 5.19 — 5.45 (m, 47,
11.97 (s, 1H).
[0487] Step 3 3-{{6,6-bis{{{Z)-oct-5-en-1-yhoxythexanoyjoxy }-2-

(hydroxymethyDpropyl (97,127)-octadeca-9,12-diencate

R N

{64881 Prepared from 6,0-bis{{{Z)-oct-5-en-1-yljoxyihexanoic acid according to
General Procedure C, vield 90 mg (45%). 'H NMR (400 MHz, Chloroform-d} & 0.88 (t, J =
6.8 Hz, 3H), 0.94 (1, J = 7.5 Hz, 6H), 1.20 — 1.47 {m, 23H), 1.50 — 1.70 {m, 9H), 1.94 - 2.11
{m, 12H), 210 - 223 (m, 2H), 2.27 - 2.37 (m, 4H), 2.76 {t, /= 6.4 Hz, 2H), 3.34 - 3.44 (m,
2H), 3.50 - 3.58 {m, 2H), 3.60 (t, J = 5.6 Hz, 2H), 409 - 4.24 (m, 4H), 444 {1, /= 5.6 Hz,
tH), 5.25 - 5.43 {m, 8H).

[0489] Step 4 3-{{6,6-bis{{{ Z)-oct-S-en- 1 -vhoxyYhexanoyDoxy - 2-({({3-
{diethylamino)propoxy yearbouyoxy ymethyDpropyl (97,122)-octadeca~9,12-diencate
(Example 116).  Prepared from  3-({6,6-bis{{{Z)-oct-S-en-1-yDoxvihexanovhioxy)-2-

{(hydroxymethylpropyl (9Z,127)-octadeca-9,12-diencate and 3-{diethylamino}-1-propanc
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according to General Procedure D, yvield 24 mg (57%). LCMS (Method BY: found mv/z for
(M+H) = 876.8, RT = 1.70 min.

Example 117
04901 Example 117, 3-{(6,6-bis{{{Z}-oct-S-en-1-yhoxy Yhexanovlyoxy -2-{{{{{} -
ethyipiperidin-3-yl)methoxycarbonyloxyymethyDpropyl  (92,122)-octadeca-9,12-diencate:
prepared from  3-{(6,6-bis{{{Z}-oct-5-en-1-yhoxythexanovhoxy)-2-{hvdroxymethyDpropyl
(92,122 -octadeca-2,1 2-diencate and {(1-ethylpiperidin-3-vhmethano! according to General
Procedure D, yield 50 mg (50%). LCMS (Method B): found m/z for (M+H) = 8892 RT =

1.73 mun.

Exampie 118

(8491 ] Example 118, 3-((6,6-bis({{Z)-dec-4-en-1-yhoxythexanoyDoxy - 2-((((3-
(digthylammo)propoxy jearbonyoxyymethyDpropyl (927, 12Z)-octadeca-9,12-dienovate

[0492] Step 1: 6,6-bis{{{Z)-dec-4-en-1-yhoxy thexanenitrile

{04931 Prepared from  6,6-dimethoxyvhexanenitrile  and  {Z)-dec-d-en-1-ol
according to General Procedure A, yield 150 mg (38%). "H NMR {400 MHz, Chloroform-d)
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5 0.88 (4 J =67 Hz, 6H), 1.17 ~ 1.41 {m, 12H), 1.45 — 1.57 (m, ZH), 1.59 — 1.74 {m, 8H),
1.87 - 2.20 {m, 8H), 2.33 {t, J = 7.1 Hz, 2H), 3.35 — 3.45 (m, 2H), 3.50 — 3.70 (m, 2H), 4.44
(t, J= 5.5 Hz, 1H), 5.28 ~ 5.45 (m, 4H)

[8494] Step 21 6,6-bis{{{¥)-dec-4-en-1-yl)oxy }hexanoic acid

jf/’\\f’/\\\//\
a*’j
HQ\H/\/\)\G e

O
[0495] Prepared from 6,6-bis{{{Z}-dec-4-en-1-yl)oxyihexanenitrile according to
General Procedure B, vield 150 mg, 95%. 'H NMR (400 MHz, DMSO-d5) 8§ 0.85 (t, J= 6.7
Hz, 6H), 1.18 - 1.37 (m, 14H), 1.45 — 1.56 {m, 8H), 1.91 -~ 2.10 (m, 8H), 2.18 (¢, J = 7.4 Hzx,
2H), 3.32 ~ 341 {m, 2H), 3.43 ~ 3.53 (m, ZH), 437 — 4.44 (m, 1H), 5.25 — 5,46 (m, 4H),
11.96 (s, 1H).

[6496] Step 3 3-{(6,0-bis{{({ Zy-dec-4-en-1-y}oxy YhexanoyHoxy -2~
{(hydroxymethyBpropyl (92,12Z)-0ctadeca-9,12-dienvate
M/\

OH
o

\/“\/\m/\hf/f\/\/«/\ifﬁvj\ﬁ\n/\vf\/l\(ﬁ\/\:/v\/

0 0

[8497] Prepared from 6,6-bis{{{Z)-dec-4-en-1-yhoxy phexanoic acid according to
General Procedure C, vield 87 mg (42%). "H NMR (400 MHz, Chloroform-d) 3 0.88 (t, J =
6.8 Fz, 98, 1.17 ~ 1.45 (m, 24F), 1.51 — L.71 {m, 10H), 1.96 ~ 2.17 (m, 12F), 2.32 (g, J =
7.3 Hz, 4H), 2.76 (¢, J = 6.5 Hz, 2H), 3.35 — 3,45 (m, 2H)}, 3.51 - 3.64 (m, 4H), 409 - 4.24
(m, 4H}, 444 (¢, J = 5.6 Hz, 1H), 528 - 5.44 {m, 8H}.

[8498] Step 4: 3-{(6,6-bis({{2)-dec-4-en-1-yl)oxythexanoy yoxy }-2-(({(3-
(diethylammo}propoxy earbony HoxyymethyDpropyl (92,12 %)-octadeca-9,12-dienocate.
Prepared from 3-({6,6-bis({{Z}-dec-4-en-1-vloxythexanoylioxy-2-thydroxymethy propyl
(9Z,12Z)-octadeca-9,12-diencate and 3-(diethvlanuno)-1-propanol according to General
Procedure D, yield 32 mg (59%). LCMS (Method BY: found m/z for (M+H) = 9329 RT =

1.70 min.
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Exampls 119
[8499] Exarple 119, 3-({6,6-bis{{{Z)-dec-4-en-1-yhioxy Yhexanoyloxy - 2-{{{{{1-
ethyipiperidin-3-ylmethoxy)carbonyDoxy ymethyDpropyl  (92,127)-octadeca-9, 1 2-dienoate:
prepared from  3-{((6,6-bis{{{ Z)-dec-4-en-1-vhoxy thexanoyljoxy)-2-(hydroxymethy Dpropyl
(92.127-0ctadeca-9,1 2-dienoate and (1-cthylpipendin-3-yDmethanol according to General
Procedure D, vield 51 mg (52%). LCMS (Method B): found m/z for (M+H) = 9452, RT =
1.70 min.

Example 128
[8500] Example 120, 3-((6,6-bis{(3,7-dimethyloct-6-en-1-yhoxyihexanoyljoxy -
2-({{(3-{drgthylaminopropoxyjcarbonyDoxy ymethy Dpropylt (87,127 )-octadeca-9,12-dienoate

{0501 Step 1: 6,6-bis{(3, 7-dimethyloct-6-en-1-yhoxyhexanemtrile
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65621 Prepared from 6,6-dimethoxyhexanenitrile and 3,7-dimethyloct-6-en-1-0l
according to General Procedure A, yield 220 mg (42%). 'H NMR (400 MHz, Chloroform-d)
5 0.88 (d, J = 6.4 Hz, 6H), 1.11 ~ 1.22 (m, 3H), 1.25 — 1.43 (m, 6H), 1.45 — 1.77 (m, 19H),
1.87 ~ 2.04 {m, 4H), 2.33 (¢, J= 7.1 Hz, 2H), 3.35 ~ 3.50 (m, 2H), 3.52 — 3.66 (m, 2H), 4.4
(t, J=355Hz 1H), 508 (1, /=73 Hz, 2H).

[0503] Step 2: 6,6-bis{(3,7-dimethvloct-6-en-1-vHoxyyhexanoic acid

PN

[0504] Prepared  from  6,6-bis{(3,7-dimethyloct-6-en-1-yljoxyhexanenitrile
according to General Procedure B, yield 220 mg (95%). 'H NMR (400 MHz, DMSO-ds) &
085 {d, J =59 Hz 6H), 1.13 ~ 1.03 (m, 2H), 140~ 1.17 (m, 8H}, 1.58 — 1.44 (m, 12H),
1.70 — 1.59 (m, 6H), 2.03 ~ 1.87 (m, SH), 2.18 (. J= 7.3 Hz, 1H), 3.4 ~ 3.33 {m, 2H), 3.60
~3.44 (m, 2H), 4.40 (, J = 5.4 Hz, 1H), 5.07 (. J = 7.3 Hz, 2H), 11.97 (s, 11,

[0565] Step 31 3-({6,6-bis{(3,7-dimethyloct-6-en-1-yhioxy thexanoyljoxy }-2-

A

(hydroxymethyDpropyl (97,127)-0ctadeca-9,12-diencate

O

WMTM/\W\H/G\,L/Q\P/\/\EOA\)\/\)\
o o

[0506] Prepared  from  6,6-bis{(3,7-dimethyloct-6-en-1-vloxylhexanoic  acid
according to General Procedure C, yield 90 mg (42%). 'H NMR (400 MHz, Chloroform-d) &
088 (d, J=061Hz 10H), 1.18 - 1.45 (m, 15H), 1.51 — 1.57 (m, 22H), 1.67 (s, SH), 183 -
2.09 (m, 8H), 216 - 223 {m, 2H), 2.32(q, /=75 Hz, 4H), 275 (d, /= 6.1 Hz, 2H), 3.32 -
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3.69 (m, TH), 4.10 - 4.21 (m, 4H), 4.40 — 4.48 {m, 14}, 5.03 ~ 5.16 {m, 2H), 5.28 ~ 5.42 (m,
4H).

(05871 Step 4 3-({(6,0-bis{(3,7-dimethyloct-6-en-1-yloxy yhexanoyoxy }-2-{{{{3~
{diethylamino)propoxy jcarbonyljoxy ymethylipropyl (92,12%)-octadeca-9,12-diencate
(Example 120}, Prepared from 3-((6,6-s{(3,7-dimethyloct-6-en-1-yl}oxy thexanoy}oxy)-2-
{(hydroxymethyhpropyvl (92 12%)-octadeca-9,12-dienocate and 3-(diethvlamino}-1-propancl
according to General Procedure D, yield 32 mg (59%). LCMS (Method B): found mv/z for
(M+H}=933.0, RT =170 min.

: =
N~
OO
Y
o o
\»M”\/\N\ﬂ,ﬁ\j\/ﬁxﬁ/\/\/t\@f\/)\/\ffl\
) o
Example 121

[0508] Exarmple 121, 3-({6,6-bis{(3,7-dimethvloct-6-en-1-vhoxythexanoylioxy)-
2-{{({{} ~ethylpiperidin-3-yDimethoxy)carbonyvhoxyymethyDpropyl  (9Z,127)-octadeca-9,12-
dienoate:  prepared  from  3-({6,6-bis{{3,7-dimethyloct-G-en-1 -yvhoxy yhexanoyljoxy }-2~
(hydroxymethyipropyl (97,127 -octadeca~9,12-dienoate  and (1-ethylpipenidin-3-
vihmethanol according to General Procedure D, yield 32 mg (59%). LCMS (Method B):

found m/z for (M+H) =945.2, RT = 1.96 min.
- F F
ot
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Example 122

[0589] Example 122, 3-((6,6-bis({7,7,8,8,8-pentafluorcoctyljoxy thexanoyoxy)-

2-{{{{3~(dethylamino}propoxy icarbonyljoxymethylipropyl (92,127)-octadeca-9, 1 2-dienoate
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[0510] Step 1: 6,6-b1s{{7,7,8,8,8-pentaflucrooctyl joxy thexanenitrile
F. T iF
F

F

J

‘ FE F
NCNN\//L‘QN/\\/\“XK F
F
F

[0518] Prepared from 6,6-dimethoxyhexanenitrile and 7,7 8 & 8-pentathiorooctan-
1-ol according to General Procedure A, vield 300 mg (44%). 'H NMR (400 MHz
Chioroform-d} 6 1.35 — 1.45 (m, 8H}, 1.45 - 1.56 {m, 2H), 1.54 - 1.74 (m, 12H}, 1.91 - 2.09
(m, 4H), 2.34 (¢, J = 7.0 Hz, 2H), 3.34 — 3.45 (m, 2H), 3.51 — 3.61 {m, 2H), 444 (, J =55
Hz, 1H),

(85121 Step 2: 6,6-bi1s((7,7.8,8,8-pentatluorooctyloxyYhexanoic acid

F i F
F
=
Q FE F
F
HQ\T(\/\)\QW&F
O F

[0813] Prepared  from  6,6-bis{({7,7,8,8,8-pentafluorcocty yoxy thexanentrile
according to General Procedure B, vield 296 mg (93%). 'H NMR (400 MHz, DMSO-ds) &
118 — 1.40 {m, 10H), 1.38 — 155 {m, 12H), 2.04 — 2.23 (1, 6H}, 3.29 - 3.38 {m, 2H), 3.40 -
351 (m, 2H), 439 (t, J=50He, 1H), 11.93 (s, 1H}.

[0514] Step 3 3+(6,6-bis({7,7 8,8, &-pentafivorooctyDoxyYhexanoyl joxy 3-2-
(hydroxymethylipropyl (97,1273-0ctadeca-9,12-diencate
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[0515] Prepared  from  6,6-bis{{7,7.8,8,8-pentafluorooctyljoxy thexanoic  acid
according to General Procedure C, yield 140 mg (57%). 'H NMR (400 MHz, Chloroform-d)
5 0.87(d, J=7.3 Hz, 3H), 1.22 — 1.46 (m, 27H), 1.56 — 1.70 (m, OH), 1.88 — 2.10 (m, 9H),
20 =225 (m, 2H), 2.26 - 237 {m, 4H), 2.76 (1, J =73 Hz, 2H), 3.36 - 3.44 {m, 2H), 3.49
~3.58 (m, 2H), 3.60 (1, J = 5.7 Hz, 2H), 3.91 — 4.10 {m, 1H), 4.09 — 4.26 (m, 4H), 4.36 —
4.53 (m, 1H), 5.22 — 5.52 (m, 4H),

[0816] Step 4 3-({6,6-bi1s({7,7,8,8,8-pentafluorooctyljoxyyhexanoyloxy 3-2-(({(3-
{diethylamino)propoxy yearbouyoxy ymethyDpropyl (97,127)-octadeca~9,12-dienoate
{(Exarmple 122} Prepared from 3-{{(6,6-bis({7,7.8,8, 8-pendafluorooctyloxyYhexanoyljoxy -2-
(hydroxymethyDipropyl (97,127)-octadeca-9,12-dienvate and 3-(diethylammo}-1-propanol
according to General Procedure D, vield 51 mg (619%). LCMS (Method B): found nv/z for

(MHH} = 10607, RT = 1.70 min.

Example 123
(05171 Example 123, 3-{{6,6-bis{{(7,7,8,8,8-pentafluorcoctyDoxyhexanoyloxy 3
2-(({((} ~ethy lpipendin-3-yiimethoxycarbonyhHoxyymethy Dpropyt (97,127 -0octadeca~9,12-
dienpate:  prepared  from  3-{{6,6-bis({7,7,8,8,8-pentafluorooctyyoxy Yhexanoyljoxy -2-

(hydroxymethylipropyl {92,127)-octadeca-9,12-dienoate  and {1-ethylpiperidin-3-
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yhimethanol according to General Procedure D, yield 80 mg (74%). LCMS (Method By
found my/z for (M-+H) = 1073.2, RT = 1.81 min.
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Example 124
[0518] Example 124, 3-({(4,4-bis({({Z}-oct-5-en~-1-yHoxyYbutanoyloxy 3-2-((({{1-
(2-hydroxyethyDpiperidin-3-yhmethoxy)carbony Doxy ymethyDHpropyl (97,127 octadeca-
9,12-dienoate
[8519] Step 1. ethyl 1-(2-hydroxyethypipendine-3-carboxylate
O

/\0&[:3\5 A

[8528] To a stirred solution of ethy! piperidine-3-carboxylate (2 g, 12.74 mmol)
i anhydrous acetone {10 mL)} were added 2-bromoethan-1-0 {1.89 ¢, 1528 mmol), dried
powdered KoCO: (3.5 g, 2547 mmol) and KE (0,42 g, 2.55 romol). The reaction mixture was
stirred at 25 "C for 18 h. The reaction mixture was filtered, and the filtrate was evaporated
under reduced pressure. Crude material thus obtained was purified by combiflash column
chromatography, eluted with 30% ethyl acetate-hexane to  afford ethyl 1-(2-
hydroxyethyl)piperidine-3-carboxylate (2.2 g, 85%) as colorless oil. 'H NMR (400 MHz,
Chloroform-dy § 1.17 — 1.29 (i, 3H), 1.46 — 1.62 (m, 2H), 1.60 — 1.76 (m, 1H), 1.81 - 1.95
(m, 1H), 2.14 —~ 2.19 (mn, 1H), 2.38 {1, J = 10.4 Hz, 11}, 2.42 ~ 2.59 {m, 48, 2.62 ~ 2.71 {m,
1H), 2.80 — 2.89 (m, 1H), 3.52 - 3.63 (m, 2F), 4.10 (g, /= 7.1 Hz, 2H).

(65821} Step 20 ethyl  1-(2-{(rers-butyldimethylsilyDoxy yethyDpipendine-3-

carboxylate

143~
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[0522] To a stirred solution of ethyl 1-{2-hydroxyethylipiperidine-3-carhoxviate
(200 mg, 0.99 mmol) in DCM (2 mb} were added triethylanine {035 mi, 2.48 nunol), and
tert-butyldimethylsidyl chionide (225 myg, 149 mmol} at 0 °C. The reaction mixture was
stitred at 25 °C for 14 h. Then reaction mixture was quenched with water and extracted with
DCM (50 mL), washed with brine solution (25 mL). Organic layer was dried over anhydrous
Naz 80y, filtered and concentrated under reduced pressure. The crude material thus obtained
was purified by combiflash chromatography, eluted with 5% ethyl acetate-hexane to afford
ethyl 1-(2-((fert-butyldimethylsilyDoxyjethyl}piperidine-3-carboxylate (160mg, St %) as
sticky solid. 'H NMR (400 MHz, Chioroform-d) § 0.04 (s, 6H), 0.87 (s, OH), 1 23 (t, J = 7.1
Hz, 3F), 1.32 - 1.48 (mn, 1H), 1.47 ~ 1.64 {m, 171}, 1.63 — 1.77 (m, 1H), 1.87 — 1.98 {m, 11},
2.00 - 2.13 (m, 1H), 2.22 (t, J = 10.9 Hz, 1H), 2.48 — 2.59 (m, 3H), 2.78 (d, J = 11.2 Hz, 1H),
304(d,J=134He 1H}, 373 (t, J=064Hz 2H), 411 (g, J =71 He, 2H).

[0523] Step 31 (1-(2-({Fere-butyldimethyistly Doxy jethvpiperidin-3-ylimethanol

HQ/\Kr(\jé,«\/O;SE\

[0824] To a stirred solution of ethyl F-(2-({rerr-
butyldimethylsilyhoxylethylpipendine-3-carboxyiate (S00 mg, 1.58 nunol} m THF {§ mL)
was added lithium aluwroimmum hydride (1M i THFY (3.2 mL, 3.17 mmol) at 0 °C and
reaction mixture was stirred at 25 "C for 1 h. Upon coropletion, reaction mass was quenched
with aq. saturated Na; SOy solution (10 mL) at O °C and filiered. The {iltrate was concentrated
under reduced pressure to afford (1-(2-({fert-butyldimethyisilyloxylethyDpiperidin-3-
ylmethano! (400 mg, 92%) as colorless oil, which was carried to next step without further
purification. TH NMR (400 MHz, Chloroform-d) 8 0.04 (s, 6H), 0.87 (s, 9H), 1.07 ~ 1.22 {m,
1H)Y, 1.49 — 162 (m, 1H), 1.62 ~ 1.72 {m, 1H), 1.72 — 1.85 {(m, 3H), 2.11 (d, J = 10.5 He,
TH), 2.23(d, J=11.6 Hz, 1H), 248 {t, J= 6.5 Hz, 2H), 2.55 - 2.72 (m, 1H), 2.82(d, /= 10.8
Hz, 1H), 3.53 (dd, J= 5.8, 10.6 Fiz, 1F), 3.57 370 {m, 1H}, 3.73 (¢, J = 6.4 Hz, 2H)
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[8525] Step 4: 3-((4,4-bis{{({Z}-oct-5-en-1-yljoxy Jhutanoy Doxy 3-2-(((((1-(2-({tert-
butyldimethyisilylioxyyethypiperidin-3-ylimethoxy ycarbonyDoxyymethvhpropyl  (82,122)-

octadeca-9,12-dienoate
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[8526] To a stirred solution of 3-((4,4-bis{{{ Z}-oct-5-en-1-yJoxy}butanoyoxy)-
2-{hy droxymethyDpropyl (82,127 -octadeca-9,1 2-diencate (Intermediate 1Va) {100 mg, 0.14
mmol} in DCM (1 mL) were added pyridine (0.03 mL, 0.29 mmol}, N,N-dimethylpyridin-4-
amine (5.3 mg, 0.04 mmol} and 4-mtrophenyl chloroformate (72.36 mg, 0.29 mmol} and
stirred at 25 °C for 1 h Then (1-C-{{fere-butyldimethylsilyboxyiethypiperidin-3-
yl}methanol (158 mg, 0.58 mmol} and DIPEA (0.1 mbL, 0.58 mmol} were added and stirred
for another 16 h. The reaction mixture was diluted with DCM (10 mL), washed with 1M
NeoCOs solution (3 x 10 mL} and washed with water (10 mL) and brine. The combined
organic part was dried over anhydrous Na:8Oq, filiered and concentrated under reduced
pressure.  The crude material thus obtained was purified by combififash column
chromatography, eluted with 2% MeOH-DCM to afford 3-({(4,4-bis(({Z)-oct-5-en-1-
yloxybutanoy Doxy }-2-{(({({(1 -(2-{(teri-butyldimethylsilylJoxy)ethyDpiperidin-3-
yimethoxy jcarbonyiloxy Ymethyl}propyl (92,127)-octadeca-9,12-diencate {50 mg, 35%) as
pale vellow oil. LCMS {Method BY: found nv/z for (M+H) =991.1, RT = 1.14 min.

[0827] Step 50 3-{(4,4-bis{({Z)-oct-5-en-1-yloxy tbutanoy Hoxy}-2-({({{{1-(2-
hydroxyethylDipiperidin-3-y Dmethoxy jcarbonylioxyymethybipropyl  (92,122)-octadeca-9,12-
dienoate {(Example 124) To a strred solution of 3-({4.4-bis{({({Z)-oct-5-en-1-

yhmethoxy)carbonyhoxy ynethyDpropyl (972, 129)-octadeca-9,12-diencate {60 myg, 0.061
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mmol} in dry THF (1 mL) at 0 °C was added tetra-n-butylammonium fluoride (TBAF} (0.12
mb, 0.12 mmol} (1 M solution n tetrahydrofuran). The resulting solution stirred for 4 b after
aliowing the mixture to warm to room temperature. The resulting solution was diluted with
DCM (5 mL) and quenched with water {5 mL). The organic layer was extracted with DCM
(2 X 5 mbL), brine {5 mL) and dried over anhydrous Na»SQs, filtered concentrated under
reduced pressure. The crude material thus obtained was purified by combitlash column
chromatography, eluted with 2% MeOH-DCM to afford 3-({(4.4-bis{(({Z)-oct-3-en-1-
ylymethoxycarbonyloxy ymethylpropyl (92,122)-octadeca-9,12-diencate (35 mg, 66%) as
brown sticky gum. LCMS (Methed B): found m/z for (M+H} = 8767, RT = 1.58 min.

OH

S

N

-~

L
0 0

Example 125
65281 Example 125, 3-{{(4,4-bis{{({Z)-oct-5-en-1-yhoxy Ybutanovlyoxy)-2-{{{{{}-
(3-hydroxypropypiperidin-3-vl)methoxy jcarbonyloxymethyipropyl  {(9Z,127)-octadeca-
9,12-dienoate

[0529] Step 1. ethyl 1-(3-hydroxypropyhipiperidine-3-carboxylate

Q
/\QJ\O»\AOH

[0530] To a stirred solution of ethyl piperidine-3-carboxylate {2 g, 12.74 mmol)
in anhydrous acetone {10 mL}) were added 3-bromopropan-1-01 (2.12 g, 1528 mmol}, dried
powdered KoCOh: (3.5 g, 2547 mmol) and KE{0.42 g, 2.55 mmol}. The reaction mixture was

stirred at 25 ‘C for 16 h. The reaction mixture was filtered, and the filtrate was evaporated
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under reduced pressure. Crude material thus obtained was purified by combiflash column
chromatography, eluted with 25% ethyl acetate-hexane to afford ethyl 1-(3-
hydroxypropylipiperidine-3-carboxylate {2.0 g, 73%) as colorless oil. 'H NMR (400 MHz,
Chloroform-d) 8 1.23 (¢, J = 7.1 Hz, 3H), 1.37 — 1.59 (m, 2H), 1.62 — 1.79 (m, 3H), 1.88 —
1.95 (m, 1H), 1.96 - 2.08 {m, 1H), 2.11 — 2.22 {m, 2H), 2.47 - 2.56 (m, 1H), 2.58 (t, J= 5.7
Hz 2H), 284 (d, J=113Hz 1H), 3.06{(d, /=97 Hz, 1H), 3.76 (t, /= 5.2 Hz, 2H), 4.10 (g,
J=71Hz 2H)
(0531} Step 20 ethyl  1-(3-{{fert-butyldimethyisilyDoxypropyhpiperidine-3-
carboxylate
O

i N
PN 0)\@\5 NN (yS;

[6532] To a stirred solution of ethyl 1-(3-hydroxypropyhpiperidine-3-carboxylate
{200 mg, 0.93 mmol} in DCM (2 mL}) were added triethylamine (0.3 mL, 3.31 mmol} and
ter-butyldimethyisilyl chioride (211 myg, 1.3%9 mmol} at 0 °C. The reaction mixture was
stowly warmed to 25 °C and stirred for 14 h. Then reaction muxture was quenched with water
and extracted with DUM, washed with brine solution. The combined organic laver was dried
over anhydrous Na)x8Qu, filtered and concentrated under reduced pressure. Crude material
thus obtamned was purified by combiflash column chromatography, eluted with 5% ethyl
acetate-hexane to  afford  ethyl 1-3-{{rers-butyldimethylsilyDoxy)propyDpiperidine-3-
carboxvlate (160 mg, 52%) as sticky solid. 'H NMR (400 MHz, Chloroform-d) & 0.03 (s,
6H), 0.87 (s, 9H), 1.24 (¢ J= 7.1 Hz, 3H), 1.34 — 1.63 (m, 2H), 1.63 — 1.75 (m, 3H), 1.87 —
2.01 (m, 2H), 2.11 (¢, J=10.7 Hz, 1H), 2.35 - 2.44 (m, 2H), 2.47 — 2.59 (m, 1H), 2.75 (d, J =
11.2 Hz, 1H}, 296 (d, /=101 Hz, 1H), 3.63 (1, /=63 Hz, 2H), 411 (g, /=71 Hz, ZH).

[05833] Step 3. (1-(3-((rerr-butyldimethylsilyoxy propyl)piperidin-3-yhmethanol

N/

HG/\@'A\/\Q‘&

[8534] To a stirred solution of 1-(3~{{rert-
butyldimethyisilylioxy}propylipiperidine-3-carboxylate (100 mg, 0.30 mmol) in THF (2 mL)
was added Hthium alummium hydride (1M m THF) (0.6 mL, 0.60 mmol} at 0 °C and the

reaction mass was stirred at 0 °C for 1 h. Upon completion, the reaction mass was guenched
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with aq. saturated Na»SQy solution at 0 °C and filtered. The filtrate was evaporated to afford
{1-(3-{{tert-butyldimethylsilyDoxyipropylpiperidin-3-ylimethanol {80 mg, 92%:; as colorless
oil which was used for the next step without further purification. 'H NMR (400 MHz,
Chloroform-d) & 0.03 (s, 6H), 0.88 (s, 9H), 1.10 — 1.23 (m, 1H), 1.49 ~ 1.87 (m, 7H), 1.95 ~
2.24 (m, 2H), 2.32 - 2.41 {m, 2H), 2.50 - 2.67 (m, 1H}, 2.77 (d, /= 11.0 Hz, 1H}, 3.54 (dd, J
=87,10.5Hz, 1H), 3.59 - 3.71 {m, 3H}.

[8535] Step 4: 3-((4,4-bis(({Z)-oct-5-en-1-yDoxy jhutanoy Doxy )-2-(((({ 1 -(3-({rerr-
butyldimethylsilylioxy)propylipiperidin-3-yhimethoxy jcarbonyoxy)methypropy!
(92,127)-octadeca-9,12-dienoate
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[0536] To a stirred solution of 3-{{(4,4-bis{{{Z}-oct-5-en-1-yljoxy)butanoy Hoxy)-
2-{hydroxymethyDpropyl (92,127)-octadeca-9,12-diencate (Intermediate IVa) {50 mg, (.07
mmol} in BCM (1.0 mL) was added pyridine (0.01 mL, 0.14 mmol}, N, N-dimethylpyridin-
4-amine (2.65 mg, 0.02 mmol) and 4-nitropheny} chloroformate (36.18 mg, 0.14 mmol) and
stirred at RT for 1 h After 1 b, (1-(3-((rert-butyldimethvisilyDoxy ypropyhpipendin-3-yi}
{(83.06 mg, 0.28 mmol} and DIPEA (0.05 mb, 0.28 mmol) were added and stirred at 25 °C
for 16 b Upon completion, the reaction mixture was diluted with DCM (10 mL), washed
with 1M sodium carbonate solution (3 x 10 ml), and washed with water (10 mL} and brine.
The combined organic part was dried over NaxSQq, filtered and concentrated under reduced
pressure and purified by combitlash column chromatography, eluted with 2% MeOH-DCM
1o atford 3-({4,4-bis({{(Z)-oct-S-en--yDoxy ybutanoy Hoxy - 2-{({({{1-(3~-{{rers-

butyldimethyisilyDoxyvipropyDpiperidin-3-yhmethoxycarbonyDoxy ymethyDpropyl
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(92,127)-octadeca~9,12-diencate (50 mg, 30%) as pale yellow o1l LCMS (Method BY: found
m/z for (M-+H) = 10051, RT = 1.12 min.

{85371 Step 50 3-{(4,4-bis{{{Z)-oct-5-en-1-yloxy tbutanoyoxy}-2-{{({{{1-(3-
hydroxypropyhpipenidin-3-yUmethoxy)carbonyloxy ymethylDpropyt (92,127)-octadeca~9,12-
diencate (Example 125} To a solution of 3-{{4 4-bis{{{Z}-oct-5-en-1-y}oxy }butanovoxy}-2-
{{{{{(1-(3-{{fert-butyldimethvisily Boxyypropylipiperidin-3-
ylymethoxycarbonyiloxyymethylpropyl {92,127)-octadeca-9,12-diencate (85 mg, 0.085
mmol} in dry THF (1.0 mL) at 0 °C was added tetra-n-butyl ammonium fluoride {TBAF)
(0.17 mL, 0.17 mmol) (1 M solution in tetrahydrofuran). The resulting solution was stirred
for 4 b after allowing the mixture to warm to 25 °C. The resulting solution was diluted with
DCM (10 mLy and quenched with water {5 mL}. The organic layer was extracted with DCM
(2X5 ml), brine (5 k) and dried over anhydrous NaxS0q, filtered and concentrated under
reduced pressure. The crude material thus obtained was purified by combiflash column
chromatography, eluted with 1.5% MeOH-DCM to afford 3-({4,4-bis{{{Z)-oct-S-en-1-
yijoxyibutanoyDoxy - 2-({({({{1-(3-hydroxypropylipipenidin-3-
yvhmethoxyjcarbonyioxy ymethylpropvl (92,127)-octadeca-9,12-diencate {36 mg, 5S2%) as

light vellow sticky gum. LCMS (Method B): found m/z for (M+H) =891.0, RT = 1.61 nun.

OH

S

N

Og,-0

© O
W\::/WWQ\/(\/G\EN\O/\,N/E\/
a 0]
Exampie 126

[6538] Example 126, 3-({(44-bis{{{Z}-oct-5S-en-1-yHoxyYbutanoyoxy }-2-{{({(3-
{(3-hydroxypropyD{methyDamino}propoxycarbonyDoxy ymethyDpropyl  (97,127)-octadeca-
9,12-dienoate.

[8539] Step 1. 3,3-(roethylazanediylybis{ propan-1-of)
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[0540] To a stirred solution of 3-(methylanmino)propan-1-oi {100 mg, 1.12 mumol)
n EtOH (2 ml) were added NayCOs {260 mg, 2.24 romol} and 3-chloropropanol (0.1 mL,
1.12 mumol} under argon atmosphere. Reaction mixture was refluxed at 80 °C for 4 h. Upon
completion, the reaction muxture was councentrated under reduced pressure. Crude material
thus obtained was purified by combiflash column chromatography, eluted with 2% acetone-
hexane to afford 3,3'-(methylazanediviibis(propan-1-ol} (90 mg, 55%) as colorless oil. 'H
NMR (400 MHz, DMSO-ds)} 8§ 1.53 - 1.67 {m, 2H), 1.68 ~ 1.78 {m, 1H), 1.84 {1, /=62 Hz,
1HY, 2.26 (5, 2HD), 252 (d, J = 6.7 Hz, 3H), 2.90 (¢, J = 7.5 He, 1H}, 3.39 - 3.51 {m, 6H), 3.68
(t, /=635 Hz, 1H).

(0541} Step 20 3-({(4,4-is{{{Z)-oct-S-en-1-yDoxyybutanoyHoxy 3-2-((((3-((3-
hydroxypropyli(methyDanunojpropoxy jearbonyDoxy ymethyDpropyl (97,122 octadeca-
9,12-dienoate  {Example 126). Prepared from Intermediate [Va and 3,3-
(methylazanediyibis(propan-1-ol) according to General Procedure I, yvield 18 mg (23%).

LCMS (Method B): found nv'z for (M+H) = 864.7, RT = 1.55 min.

O&}?,NH

© O
O O

Exampie 127
(05421 Example 127, 3-({4,4-bis{{{Z}-oct-5-en-1-yhoxy}butanoyoxy)-2-{{{(3-
{diethylamino)propyhcarbamoyljoxyymethylipropyt {92,127 -octadeca-9,12-dienoate:

prepared from Intermediate IVa and N1 N1-diethylpropane-1,3-diamine according to General
Procedure D, yield 32 mg (53%). LCMS (Method BY: found m/z for (M+H) = 8480, RT =

1.55 min.
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Exampie 128
(85431 Example 128, 3-{{(4,4-bis{{{Z)-oct-5-en-1-yloxy jbutanoyyoxy)-2-{{{{Z-(1~
ethylpyrrolidin-2-yijethoxy ycarbonyvloxy)methy Dpropyl (92,127} -0ctadeca-9,12-dienoaie
05441 Step 1: 2-(I-ethvlpyrrolidin-2-vhethan-1-ol

8
oM

[0545] The following is representative of General Procedure G. To a stirred
solution of Z-(pyrrohdin-2-vijethan-1-0f (20 mg, 0.21 mmol} i acetomirile (1 ml} were
added K:COs5 (72 mg, 0.65 mmol) and Etf {0.01 mL, 6.21 mmol} under nitrogen atmosphere.
The resulting mixture was stirred at 56 °C for 16 h. Reaction mass was cooled to room
temperature and it was filtered through celite bed, filtrate was evaporated under reduced
pressure to afford 2-(1-ethyipyrrolidin-2-vlethan-1-ol (18 mg, 58%) as colorless liquid 'H
NMR (400 MHz, Chioroform-d) 5 1.08 (t. J = 7.2 Hz, 3H), 1.37 ~ 1.48 (m, 1H), 1.65 ~ 1.96
(m, 5H), 1.92 — 2.05 (m, 1H), 2.04 — 2.18 (m, 2H), 2.72 — 2.83 {m, 1H), 2.87 — 3.04 (m, 1H),
3.10 —3.20 (m, 1H), 3.62— 3.72 (m, 1F), 3.89 — 4.05 (m, 1H).

[0546] 3-{{4,4-bis{{{Z}-oct-5-en-1-yhoxybutanoy yoxy)-2-{{{{2-(1-
ethylpyrrolidin-2-yijethoxycarbonvhoxyymethyDpropyl  (92,127)-octadeca-9,12-dienocate
(Example 128). Prepared from Intermediate 1Va and 2-(1-ethylpyrrolidin-2-yljethan-1-ol
according to General Procedure D, vield 28 mg (52%) LCMS (Method B): found m/z for
(M+H) = 860.8, RT = 1.55 nun.
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Exampie 128
[6547] FExample 129, 3-({4,4-bist{{ Z)-oct-5-en-1~-yoxy}butanoyoxy)-2~

((((((1R,35,55)-8-ethyi-B-azabicyclo[3.2 1]octan-3-yl)oxycarbonyloxyymethylpropyi
(97,127 -octadeca~9,1 2-dienocate

[0548] Step 11 (1R, 37,58)-8-ethyl-B-azabicyclo]3.2.1 joctan-3-0l

Ot g
N
N

[8549] Prepared from (1R,37,55)-8-azabicyclo[3.2.1]octan-3-0¢ according to
General Procedure G, yield 180 mg, 73%.

[0550] Step 20 ~({4,4-bis{{{ Z}-oct-S-en-1-yhoxy)butanoyhoxy 3-2-{({{{({{1 £,35,55)-
§-ethyi-8-azabicyelo[3 .2 1octan-3-yloxy)carbony Doxyvimethylpropyl  (92,127)-octadeca-
9,12-diencate {Example 129). Prepared from Intermediate {Va and (1R,3735)-8-ethyl-§-
azabicyclo[3.2. 1loctan-3-ol according to General Procedure D, yield 16 mg (531%). LCMS

{Method B}: found m/z for (M+H) =872.8, RT =170 nun.
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[8551] Example 136, 3-({4,4-bis{{{ Zy-oct-5-en-1-y}oxybutanoy Doxy }-2-
{{{{{{1R,3r,58)-8-ethyi-8-azabicyclo[3.2. 1]octan-3-yloxy)carbony Doxymethy Dpropyl
(9Z,12Z}-octadeca~9,12-dienoate

{05521 Step 10 (18, 3r,58)-8-ethyi-8-azabicycio]3.2. 1octan-3-ol

O
AL
N\/,

[8553] Prepared from {(1R,3r,58)-8-azabicyclo[3.2.1]octan-3-0 according to
General Procedure G, yield 80 mg (92%).

[0554] Step 2: 3-{{4,4-bis{(({Z)-cct-S-en-1-yhoxybutanoyi oxy 3-2-(({{{1 1 37,58)-
8-ethyi-8-azabicyclo{3.2.1]octan-3-yljoxy jcarbony oxymethylpropyl  {92,127})-octadeca-
9,12-diencate {(Example 130}). Prepared from Intermediate Va and (1R 37353)-8-ethyl-8-
azabicyclof3.2 1]octan-3-0! according to General Procedure D, vield 16 mg (51%). LCMS

(Method B): found m/z for (M+H)} = 8729, RT = 1.64 min.
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Exampie 131
(85551 Example 131, 3-({4,4-bis{{{Z}-oct-5-en-1-yyoxy)butanoy Doxy }-2-
{{({{9Z,12%)-octadeca-2,1 2~dienoyljoxyymethy propyl 1'~ethyl-[1,4'-bipiperidine}-4-
carboxylate: prepared from Intermediate IVa and 1'-ethyl-[1,4-ipiperidine}-4-carboxylic
acid dihydrochloride according to General Procedure E, vield 138 mg (52%) LCMS

{(Method A} found m/z for (M+H) =913.7 RT= 321 min
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Example 132

FF

[8556] Example 132, 3-((4.4-bis{{7,7,8.8, 8-pentaflucrooctyljoxy tbutanoyoxy)-
2-{{{{92,122-octadeca-9,1 2-dienoyljoxy methvlipropyl Peethyl-{1,4-bipiperidine]-4-
carboxvlate: prepared from Intermediate IVE and 1-ethyl-{1 4-bipiperidine}-4-carboxylic
acid dibydrochlonide according to General Procedure E, yield 195 mg {78%) LUCMS

(Method AY. found m/z for (M+H)} = 10975 RT = 3.19 min.
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Example 133
[08557] Example 133, 3-((4,4-bis{(({(Z}-oct-5-en-1-yDoxy Ybutanoyoxy 3-2-((((2-(1-
ethylpiperidin-2-yljethoxycarbonvhoxyymethvDpropyl  (97,128)-¢ctadeca-9,12-dienoate:
prepared from Intermediate IVa and 2-(1 -ethylpiperidin-Z-ylethan-1-ol according to General
Procedure D, vield 38 mg (40%). LCMS (Method A} found m/z for (M+H) = 8747, RT =

3.98 min.
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[8558] Example 134, 3-((4,4-bis({{Z)-oct-5-en-1-yhoxybutanoyloxy}-2-{(2~(1 -
ethyipiperidin-d-ylacetoxymethylipropyl (97,122 -0ctadeca-9,12-diencate; prepared from
Intermediate 1Va and 2-{1-ethyipiperidin-4-yllacetic acid according to General Procedure E,

yield 66 mg (72%). LCMS (Method A} found m/z for (M) = 8447, RT = 3.95 min.
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Example 135

[0559] Example 135, 3-{{4.4-bis{oct-2-yn-1-yloxybutanoyljoxy }-2-{{{{{ 1~

ethyipiperidin-3-ymethoxycarbonyDoxy ymethyhpropyl  (92,127)-octadeca-9,12-dienoate:

prepared using simular procedures as Example 3, substitoting oct-2-yn-1-ol for (Z)-0¢t-S-en-

1-ol in General Procedure A. Yield of final step: 91 mg (92%}. LCMS (Method A} found

m/z for (M+H) = 8567, RT = 3.63 mun.
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Example 138
[8560] HExample 136, 3-{{4,4-bis{oct-2-yn-L-yloxy tbutanoyljoxy }-2-{({{{3-
{diethylammo)propoxy jearbonyljoxy ymethylipropyl (97,1 273-octadeca-9,12-dienoate:
prepared using similar procedures as Example 1, substitoting oct-2-yn-1-ol for (Z)-o¢t-S-en-
1-ol in General Procedure A. Yield of final step: 30 mg (82%). LCMS (Method A} found
m/z for (M+H) = 8447, RT = 3.66 mun,
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Example 137

[0561] Example 137, 3-({(4,4-bis{non-2-yn-1-yloxybutanoyoxy }-2-((({((1 -
ethyipiperidin-3-yljmethoxycarbonyloxymethyDpropyl  (97,127)-0ctadeca-9,12-diencate:
prepared using sunidar procedures as Example 3, substituting non-2-yn-1-ol for {Z}-oct-5-en-
1-ol in General Procedure A Yield of final step: 86 mg (88%). LCMS (Method A): found
m/z for (M+H) = 884.7, RT = 3.73 min.



WO 2021/141969 PCT/US2021/012282

\/\/\/ Example 138

[0562] Example 138, 3-({4,4-bis{non-2-yn-1-yloxyjbutanoy hoxy - 2-{{({ (3~
{diethylammno)propoxy jearbonyloxy ymethylipropyl {972, 127)-octadeca-9,12-diencate:
prepared using similar procedures as Example 1, substituting non-2-yn-1-ol for (Z}-oct-5-en-
1-ol in General Procedure A. Yield of final step: 87 mg (90%). LCMS {Method A} found
avz for (M+H) = 8727, RT = 3.69 nun.
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[0563] Example 139, 3-{{4.4-bisfoct-T-yn-1-yloxy ybutanoyoxy }-2-{{{{{1~

Example 139

ethyipiperidin-3-ymethoxy carbonyDoxy ymethyipropyl  (92,127)-octadeca-9,12-dienoate:
prepared using similar procedures as Example 3, substituting oct-7-yn-1-ol for (£)-0¢t-S-en-
1-ol m General Procedure A. Yield of final step: 111 mg (84%). LCMS (Method A): found
w/z for (M+H) = 8567, RT = 3.74 mmn.
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10564 Example 140, 3-({4,4-bis{oct-7-yn- 1 -yloxybutanoyDoxy}-2-({{{3-

{diethylamino)propoxy yearbonyloxy ymethylipropyl {97, 127)-octadeca-2,12-diencate:
prepared using similar procedures as Example 1, substituting oct-7-yo~-1-ol for {Z)-oct-5-en-

1-0l in General Procedure A. Yield of final step: 108 myg (83%). LCMS (Method A): found
avz for (M+H) = 844.7, RT =3.76 nun,
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£ Example 141

!

[0565] Example 141, 3-{{4,4-bis{dec-2-yn-1-yloxy}butanoyoxy - 2-({({({{1-
ethyipiperidin-3-ylymethoxy jearbonyoxyymethy Dpropyl  (87,122)-octadeca-9,12-dienoate:
prepared using similar procedures as Example 3, substituting dec-2-yn-1-0] for {Z}-oct-5-en-
1-ol n General Procedure A, Yield of final step: 122 mg (88%). LCMS (Method A): found

m/z for {M+H) = 9128, RT =413 mm.
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[0566] Example 142, 3-{(4,4-bis{dec-2-yn-1-yloxybutanoyljoxy)-2-{{{{3~
{diethylammno)propoxy jearbonyloxy ymethylipropyl {972, 127)-octadeca-9,12-diencate:
prepared using similar procedures as Example 1, substituting dec-2-yn-1-0l for (Z}-o0ct-5-en-
1-ol in General Procedure A. Yield of final step: 115 mg (84%). LCMS (Method A): found
av/z for (M+H) = 900.8, RT = 4.04 min,

AN NN N
O/{;J/\Q o/\@
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[6567] Example 143 3-{{4,4-bis{dec-3-yn-1-yloxyibutanoyDoxy)}-2-(({({{1-

ethylpiperidin-3-yDmethoxy jearbonyljoxy ymethypropyl  (92,127)-octadeca-9,12-diencate:
prepared using similar procedures as Example 3, substituting dec-3-yn-1-0l for {Z}-oct-5-en-
1-ol i General Procedure A, Yield of final step: 104 mg (89%). LCMS (Method A): found

m/z for {M+H) = 912.8, RT = 3.97 mm.
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[8568] Example 144, 3-({4,4-bis{dec-3-yn-1-yloxybutanoy Hoxy)-2-{{{{3-
{diethylamino)propoxy jearbonylioxyymethylipropyl {97,127y -octadeca-2,12-diencate:
prepared using simular procedures as Example 1, substituting dec-3-yn-1-0l for (Z}-oct-3-en-
1-0l in General Procedure A. Yield of final step: 108 myg (94%). LCMS (Method A): found
avz for (M+H) = 900.8, RT = 3.93 nun.
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[8569] Example 145, 3-{{4,4-bis{{{¥)-oct-2-en-T-yhoxyibutanoyoxy}-2-{({{{1~
ethylpiperidin-3-yDmethoxycarbonylyoxy ymethylipropyl  {92,127)-octadeca-9,12-dignoate:
prepared using similar procedures as Example 3, substituting (¥)-oct-2-en-1-ol for {Z}-oct-5-
en-1-0} in General Procedure A. Yield of final step: 74 mg {(89%). LCMS (Method A): found
m/z for (M-+H) = 860.7, RT = 3.87 min.

-160-



WO 2021/141969 PCT/US2021/012282

J4’\\/\\/\ )

K/W/\/?LO/j’/\O/L\OM NN
o S

\W/QMQ

RN N
= Exampie 148

[8578] Example 146, 3-((4,4-bis{{{£)-oct-2~en-1-yHoxy ybutanoyloxy }-2-(({(3-
{dhethylammo)propoxy earbonyloxy ymethylpropyl {97,127y -octadeca-9,12-dienoate:
prepared using simtlar procedures as Example 1, substituting (£)-oct-2-en-1-ol for {Z}-oct-3-
en-1-0l in General Procedure A. Yield of final step: 68 mg {83%). LCMS (Method A} found
w/z for (M+H) = 848.8 RT = 3.8% mn.

o)
A\,,Wt\gj/\@,m@ o~

(0871} Hxample 147, 3-((4 4-bis{{{({}-non-2-en-T-yhioxy tbutanoylyoxy)-2-({({{1~
ethylpiperidin-3-yDimethoxycarbonylyoxy ymethylipropyl  {92,1272)-octadeca-9,12-dignoate:
prepared using similar procedures as Example 3, substituting (£)-non-2-en-1-0l for {(Z}-oct-5-
en-1-ol in General Procedure A. Yield of final step: 68 mg (81%). LCMS (Methoed A} found
m/z for (M-+H) = 888.8, RT = 4.01 min.
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(65721 Example 148, 3-((4,4-bis{({{£)-non-2-en-1-yhoxybutanoyhoxy )-2-{{{(3-
{diethylamino)propoxy yearbonyloxy ymethylipropyl {97, 127)-octadeca-2,12-diencate:
prepared using sirotlar procedures as Example 1, substituting {(#}-non-2-en-1-ol for {Z}-oct-5-
en-1-ol in General Procedure A, Yield of final step: 34 mg (41%). LCMS (Method A): found
avz for (M+H) = 877.9, RT = 4.07 nun,

Lipid Nanoparticles

F. LNP Formulation

[8573] The liptd nanoparticle components are dissolved m 100% ethanol at
specified liptd component molar ratios. The nucleic acid (NA} cargo 13 dissolved in 16 mM
citrate, 100 mM NaCl, pH 4.0, resulting 10 3 concentration of NA cargo of approximately
(.22 mg/ml. In some embodiments, NA cargos consist of both a functional NA (e.g. siRNA,
anti-sense, expressing DNA, mRNA) as well as a reporter DNA barcode (as previously
described by Sago, 2018 PNAS)Y mixed at mass ratios of 1:10 to 10:1 functional NA to
barcode.

[8574] The LNPs are formulated with a total lipid to NA mass ratio of 11.7. The
LNPs are formed by microfluidic mibung of the lipid and NA solutions using a Precision
Nenosystems NanoAssemblr Spark or Benchiop Instrument, according to the manufacturers
protocol. A 2:1 ratic of aqueous to organmic solvent is maintained during mixing using
differential flow rates. After mixing, the LNPs are collected, diluted in PBS (approximately
1:1 v/v), and further buffer exchange is conducted using dialysis in PBS at 4°C for 8 to 24
hours against a 20kDa filter. After this intial dialysis, each individual LNP formulation 15
characterized via DLS to measure the size and polydispersity, and the pKa of a subpopulation

of LNPs is measured via TNS assay. LNPs falling within specific diameter and
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polvdispersity ranges are pooled, and further dialyzed against PBS at 4°C for 1 to 4 hours
against a 100kDa dialysis cassetie. After the second dialysis, L.NPs are sterile filtered using

0.22uM filter and stored at 4°C for further use.

G. LMP Characterization

[0875] DLS - LNP hydrodynamic diameter and polydispersity percent {(PDI %)
are measured using high throughput dynamic light scattering (DLS) (BynaPro plate reader 1,
Wyatt). LNPs were diluted 1X PBS to an appropriate concentration and analyzed.

[0576] Concentration & Encapsulation Efficiency — Concentration of NA is
determined by Qubit microRNA lat (for siRNA) or HS RNA kit {for mRNA) per
manufacturer’s mstructions. Encapsulation efficiency are determined by measuring unlysed
and tysed LNPs.

[0577] pKa- A stock solution of 10 mM HEPES (Sigma Aldrich), 10 mM MES
(Sigma Aldnich}, 10 mM sodium acetate (Sigma), and 140 oM sodium chlonde (Sigma
Aldrich} ts prepared and pH adjusted using hydrogen chloride and sodium hydroxide to a
range of pH 4-10. Using 4 replicates for each pH, 140 ulL pH-adjusted buffer 15 added to a
96-well plate, followed by the addition S ub. of 2-(p-toluidino)-6- napthalene sulfonic acid
(60 ug/ mL). Sul of LNP is added to each well. After S min of incubation under gentle
shaking, fluorescence 1s measured using an excitation wavelength of 323 nm and emission
wavelength of 435 nm (BioTek Synergy H4 Hybnid).

[8578) LNP Adminsstration — Male and female mice aged approximately 8-12
weeks are used for all studies. Each mouse is temporanily restrained, and pooled LNP s
admirustered TV via tad vem injection in up to five animals per experiment. Age-ratched
mice are also used to admimster vehicle (1X PBS) via tail vein wyection in up to three
ammals per experiment. At 72 bours post-dose, tissues including liver, spleen, bone marrow
and blood are collected for analysis.

[8579] Flow — Liver tissues are mechanically, and then enzymatically digested
using a mixture of proteinases, then passed through a 70uM filter to generate single cell
suspensions. Spleen tissues are mechamcally digested to generate smgle cell suspensions. All
tissues are treated with ACK buffer to lyse red blood cells, and then stained with

fluorescently-labeled antibodies for flow cytometry and fluorescence-activated cell sorting
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(FACS). All antibodies are commercially available antibodies. Using a BD FACSMelody
{Becton Dickinson), all samples are acquired via flwo cytometry to generate gates prior (o
sorting. In general, the gating structure is size — singlet cells — live cells = cells of interest.
T cells are defined as CD45+CD3+, monocytes are defined as CD45+CD11b+, and B cells
are defined as CD45+CD19+ In the liver, endothelial cells are defined as CD3 1+, Kupffer
cells as CD45+CD11b+ and hepatocytes as CD31-/CD4S- For siRNA studies, we gate for
downregulation of the target gene, whereas for mRNA studies, we gate for upregulation of
the target gene. Tissues from vehicle-dosed mice are used to set the gates for sorting. Up to
20,000 cells of each cell subset with the correct phenotype are sorted into 1XPBS. After
sorting, cells were pelleted via centrifugation and DNA is extracted using Quick Extract
DNA Extraction Solution (Lucigen) according to the manufacturer’s protocol. DNA 15 stored
at -20°C.

[0580] Barcoding Sequencing — DNA (genomic and DNA barcodes) are 1solated
using QuickExiract {Lucigen) and sequenced using THumina MiniSeq as previously described
(Sago et al. PNAS 2018, Sago et al JACs 2018, Sago, Lokugamage et al. Nano Letters
2018}, normahizing frequency DNA barcode counts in FACS isolated samples 1o frequency
in injected mput. These data are plotted as “Normalized Fold Above Input’.

H. Confirmation

LNP Formulation

[08581] The lipid nanoparticle components are dissolved m 100% ethanol at
specified lipid component molar ratios. The nucleic acid (NA) cargo s dissolved 10 10 mM
citrate, 100 mM Na(l, pH 4.0, resuliing in a concentration of NA cargo of approximately
(.22 mg/ml. In some embodiments, NA cargos consist of a functional NA {e.g. siRNA, anti~
sense, expressing DNA, mRNA). The LNPs are formulated with a total hipid to NA mass
ratio of 11.7. The LNPs are formed by mucrofluidic muxing of the hipid and NA solutions
using a Precision Nanosystems NanoAssemblr Spark or Benchtop Instrument, according to
the manufaciurers protocol. A 3:1 ratio of aqueous to organic solvent is maintained during
mixing using differential flow rates. After mixing, the LNPs are collected, diluted in PBS
(approximately 1.1 v/v), and further buffer exchange is conducted using dialysis in PBS at
4°C for 8 to 24 hours against a 20kDa filter. After thus initial dialysis, each individual LNP

formulation is characterized via DLS to measure the size and polydispersity, and the pKa of a

~164-



WO 2021/141969 PCT/US2021/012282

subpopulation of LNPs 13 measured via TNS assay. After dialysis, LNPs are stertle filtered

using 0.22 micron sterile filter and stored at 4°C for further use.

LNP Characterization

[8583] DLS - LNP hydrodynamic diameter and polydispersity percent (PDI %)
are measured using high throughput dynamic light scattering (DLS) (BynaPro plate reader I,
Wyatt), LNPs are diluted 1X PBS to an appropriate concentration and analyzed.

[0583] Concentration & FEncapsulation Efficiency — Concentration of NA is
determined by Qubit microRNA kit (for siRNA) or HS RNA kit (for mRNA) per
manufacturer’s instructions. Encapsulation efficiency is determined by measuring unlysed
and fysed LNPs.

(85841 pKa- A stock solution of 10 mM HEPES (Sigma Aldrich), 10 mM MES
(Sigma Aldrich), 10 mM sodium acetate (Sigma), and 140 nM sodium chlonide (Sigma
Aldrich) 15 prepared and pH adjusted using hydrogen chloride and sodium hydroxide to a
range of pH 4-10. Using 4 replicates for each pH, 140 ul. pH-adjusted butfer 5 added to a
96-well plate, followed by the addition 5 pL. of 2-(p-toluidino}-6- vapthalene sulfonic acid
(60 pg/ b)), Sul. of LNP s added to each well. After 5 mn of mncubation under gentle
shaking, fluorescence 1s measured using an excitation wavelength of 325 nm and emission
wavelength of 435 nm (BioTek Synergy H4 Hybnd).

[0585] LNP Adnurnistration — Male and female mice aged approximately 8-12
weeks are used for all studies. Each mouse 15 temporanly restrained, and pooled LNP 15
admimstered IV via tail vem injection i up to five amimals per expeniment. Age-matched
mice are also used to administer vehicle (1X PBS) via tail vein injection in up to three
animals per expermment. At 72 hours post-dose, tissues including liver, spleen, bone marrow
and blood are collected for analysis.

[586] hEPO Expression ~ For human EPO (hEPO) protetn expression, mice were
temporarily restrained and bled at & hours post-administration {via tail vein). Blood was
coliected in heparin tubes, processed to plasme, and stored at -80°C until ready to use.
Appropriate dilutions of plasma were used to measure hEPO protein nsing R&D systems
FLISA kit {(DuoSet; DY286-05) according to manufacturer’s instructions. Various

exemplified 1onizable lipids were formulated into LNPs Al to A17 using the following molar
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ratios: 45% ionizable hipid/9% distearoviphosphatidylcholine (DSPC)/44% Cholesterol/2%
PEG lpid or 50% ionizable lipid/©% distearoylphosphatidvichohne (DSPC)Y/38%
Cholesterol/3% PEG lipid with lipid to nucleic acid (human EPO mRNA) at mass ratios of
either 11.7:1, 18:1, or 251, Activity was determined by measuring hEPO expression in
plasma 6 hours following admimstration via tail vein mjection as described at a nucleic acid
dose of 0.15 mg / kg Representative data 15 provided in Table 1 for LNP encapsulation
efficiency, hydrodynamic diameter, polvdispersity (PD1), and measured hEPO in plasma at &

firs post administration for the LNP formulations.

TABLE 1
Meo. | lonizable Lipid | Encapsulation | LNP Diameter | PDI BEPQO in plasma
(Example No.) Yo (nM)} at 6 hrs {pg / mL)

Al 1 91.59 136 0.1 68600

AZ 3 94.36 118 6.06 122800

A3 14 94.83 127 0.08 140900

Ad 15 93.21 174 0.23 105200

AS 18 095,52 109 0.08 116260

Ab 23 91.29 131 a1 76250

A7 24 87.18 147 0.08 122000

ASB 31 78.1 208 .13 20800

A9 32 83.25 199 0.13 34800
AlQ 34 90.45 145 G.09 72300

Al 36 92.52 124 .16 7300

Al2Z 37 ©1.78 148 (.08 63700
Al3 38 92.89 120 06.09 53100
Al4 38 94.04 113 0.09 116200

AlS 47 69.08 191 .09 7600

Al6 48 75.69 171 .1z 12700
AL7 50 96.43 110 0.3 15100

[6587] While various aspects and embodiments have been disclosed herein, other

aspects and embodimenis will be apparent to those skilled in the art. The various aspects and
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embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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WHATIS CEAIMED IS:

1. A compound of Formula (I}

o) O
i 2 4 3]
Rﬂ)L\O/j//\OIJ\XVX“X\?‘JX\XS‘“X
O
O
e 0 O o
A0 (1)
wherein:

R is Co-Cao alkyl or Co-Cap alkenyl with 1-3 units of unsaturation;

X! and X7 are each independently absent or selected from —O— —NR’— and
(L)

X’ wherein each R is independently hydrogen or C1-Cs alkyl;

each a s independently an integer between 1 and 6;

X* and X* are each independently absent or selected from the group consisting
of: 4- to 8-membered heterocyclyl optionally substituted with 1 or 2 C1-Cs alkyl
groups, 5- to 6-membered hetercaryl optionally substituted with 1 or 2 C-Cs alkyl
groups, 3- to G-membered aryl optionally substitited with 1 or 2 C1-Cs alkyl groups,
4- 1o 7-membered cycloalkyl optionally substituted with 1 or 2 C1-Cs alkyl groups, —
(O— and —NR'—, wherein each R® is a independently a hydrogen atorn or C1-Co alkyl
and wherein X1-X2-X-X* does not contain any oXygen-oxygen, oxygen-nitrogen or
mirogen-nitrogen bonds;

X3 15 «{(CHa)v—, wherein b is an integer between 0 and 6,

X% is hydrogen, C1-Cs alkyl, 5- to 6-membered heteroaryl optionaily
substituted with 1 or 2 Ci-Ce alkyl groups, or -NR'R’, wherein R* and R are each
independently hydrogen or C1-Cs alkyl; or alternatively R* and R? join together with
the nurogen to which they are bound to form a 4- to 7-membered heterocyclyl
optionally substituted with 1 or 2 C1-Cs alkyl groups, wherein the heterocyclyl
optionally includes an additional heteroatom selected from oxygen, sulfur, and
nrirogen;,

each X is independently hydrogen, hydroxyl or ~NRPR’, wherein R® and R’
are each independently hydrogen or Ci-Cs alkyl, or alternatively R® and R join

together with the nitrogen to which they are bound to form a 4- to 7-membered
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heterocyclyl optionally substituted with 1 or 2 Ci-Cs alkyl groups, wherem the
heterocyclyl optionally includes an additional hetercatom selected from oxygen,
sulfur, and nitrogen;

at least one of X!, X%, X°, X* and X° is present;

Al and A” are each independently selected from the group consisting of: Cs-
Ciz haloalkyl, Cs-Cr alkenvl, Cs-Cizalkynyl, (Cs-C alkoxy)-(CHihne—, (Cs-Clo arvi)-
(CHo)w— optionally ring substituted with one or two halo, C1-Ce alkyl, Ci-Cs
haloalkyl, or Ci-Cs alkoxy groups, and (Cs-Cy cycloalkyh~{(CH: )~ optionally ring
substituted with 1 or 2 C1-Cs alkyl groups; or alternatively A’ and A? join together
with the atoms to which they are bound to form a 5- to G-membered cyclic acetal
substituted with 1 or 2 Cy-Cro alkyl groups;

nl, n2 and n3 are each individually an integer between 1 and 4; and

n4 15 an integer between zero and 4.
2. The compound of claim I, wherein R! is Co-Cop alkenyl with 2 units of
unsaturation.

3. The compound of claim 1, wherein R! 18
A N N N

4. The compound of any one of claims 1-3, wherein X' is absent.
5. The compound of any one of clatms 1-3, wherein X' 1s -0

-(?H)a"
6. The corapound of any one of claims 1-5, wherein X' is X’
7. The compound of claim 6, wherein X' is hydrogen.
8. The compound of any one of claims 1-7, wherein X is absent.
--(?H)a-

9. The compound of any one of claims 1-7, wherein X2 is X'
10. The compound of claim 9, wherein X7 is hydrogen.

1. The compound of claim 9, wherein X' s hydroxyl and a is 1.

[\

. . . N 7 -
. The compound of claim 9, wherein X is -NR*R7and a is 1.

Ju—
[9)

. . v
. The compound of any one of claims 1-12, wherein X 13 absent.

et
i

. The compound of any one of claims 1-12, wherein X° is ~0—,

15, The compound of any one of claims 1-12, wherein X7 15 R~
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16. The compound of any one of claims 1-12, wherein X’ is 4- to 8-membered
heterocyclyl optionally substituted with 1 or 2 C1-Cs alkyt groups.

17. The compound of any one of claims 1-12, wherein X° is 5- to 6-membered
hetercaryl optionally substituted with 1 or 2 C1-Cs alkyl groups

18. The compound of any one of claims 1-12, wherein X is 5- to 6-membered aryl
optionally substituted with 1 or 2 C1-Cs alkyl groups.

19 The compound of any one of claims 1-12, wherein X’ is 4- to 7-membered
cycloalkyl optionally substituted with 1 or 2 C1-Cs alkyl groups.

20. The compound of any one of claims 1-19, wherein X* is absent.

21. The compound of any one of claims 1-13 or 16-19, wherein X* is O

22. The compound of any one of claims 1-13 or 16-19, wherein X* is —-NR*—

23. The compound of any one of claims 1-19, wherein X* is 4- to R-membered
heterocyelyl optionally substituted with 1 or 2 C1-Ce alkyl groups.

24. The compound of any one of claims 1-19, wherein X* is 5- to 6-membered
hetercaryl optionally substituted with 1 or 2 Ci-Cs alkyl groups

25. The compound of any one of claims 1-19, wherein X is 5- to 6-membered aryl
optionally substituted with 1 or 2 C-Cs alkyl groups.

26. The compound of any one of claims 1-19, wherein X* is 4- to 7-membered
cyeloalky! optionally substituted with 1 or 2 C-Ce alkyl groups.

27. The compound of any one of claims 1-26, wherein b 13 0.

28. The compound of any one of claims 1-26, wherein b is an integer between 1 and

29. The compound of any one of claims 1-28, wherein X® is hydrogen.

30. The compound of any one of claims 1-28, wherein X® is 5- to &-membered
hetercaryl optionally substituted with 1 or 2 C-Cs alkyl groups

31. The compound of any one of claims 1-28, wherein X° is NR*R®,

32. The compound of claim 31, wherein R* and R® join together with the nitrogen to
which they are bound to form a 4- to 7-membered heterocycly! optionally substituted with 1
or 2 C;-Ce alkyl groups.

33. The compound of any ome of claims 1-32, wherein A' and A’ are each

independently Cs-Ci haloalkyl
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34. The compound of any one of claims 1-32, wherein A' and A’ are each
independently Cs-Ciatkenyl.

35. The compound of any ome of claims 1-32, wherein A' and A’ are each
independently Us-Cr2alkynyl.

36. The compound of any one of claims 1-32, wherein A' and A® are each
independently (Cs-Cio alkoxy ) -{(CHo )wo—.

37. The compound of any one of claims 1-32, wherein Al and A’ are each
independently {Cs-Cro aryl}-(CHs Jus— optionally ring substituted with one or two hale, Ci-Cs
alkyl, Ci-Cs haloalkyl, or Ci-Cs alkoxy groups.

38 The compound of any one of claims 1-32, wherein A' and A’ are each
mdependently (Ca-Cg cycloalky}-(CHo)w— optionally ring substituted with 1 or 2 C1-Ce alkyl
groups.

39 The compound of any one of claims 1-32, wherein A! and A join together with
the oxygen atoms to which they are bound to form a S5- to G-membered cyclic acetal
substituted with 1 or 2 Cs~Cyo alkyl groups.

40. The compound of claim 1, wherein the compound 13 any one of examples 1-148
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41. A hpid nanoparticle composition comprising;

an ionizable lipid that comprises a compound of any one of claums 1-490;

a phospholipid;
a polvethylene glycol-lipid;
a cholesterol; and optionally

a nucleic acid.

42. The lipid nanoparticle composition of claim 41, wherein the amount of ionizable

lipid 13 present tn a range of about 35 o 65 mole percent, based on total moles,

43. The lipid navoparticle composition of any one of claims 41-42, wherein the

phospholipid s DSPC.
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44 The hipid nanopasticle composition of any one of claims 41-42, wherein the
phospholipid 1s DMPC.

45. The hipid nanopasticle composition of any one of claims 41-44, wherein the
nucleic acid 1 siRNA, miRNA, mRNA, expressing DNA, anti-sense oligonucleotide, or
immunostimdatory oligonucleotide.

46. A method of delivering a nucleic acid to a subject in need thereof, comprising

administering to the subject the lipid nanoparticle composition of anv one of claims 41-45.
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