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(57) ABSTRACT 

Provided herein are lipidoids that may be prepared from the 
conjugate addition of alkylamines to acrylates. In some 
embodiments, provided lipidoids are biodegradable and may 
be used in a variety of drug delivery systems. Given the 
amino moiety of the lipidoids, they are well-suited for the 
delivery of polynucleotides, in addition to other agents. 
Nanoparticles containing the inventive lipidoids and poly 
nucleotides have been prepared and have been shown to be 
effective in delivering siRNA. 
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AMINE-CONTAINING LIPIDOIDS AND USES 
THEREOF 

RELATED REFERENCES 

0001. The present application claims priority under 35 
U.S.C. S 119(e) to U.S. provisional application, U.S. Ser. No. 
61/682.468, filed Aug. 13, 2012, which is incorporated 
herein by reference. 

GOVERNMENT SUPPORT 

0002 This invention was made with government support 
under Grant NoS. F32-EB009623, EB000244, 
R01CA115527, and R01 CA132091 awarded by the 
National Institutes of Health. The government has certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 

0003. The discovery of RNA interference (RNAi) in 
mammalian cells (Fire, et al. Nature 391:806-811 (1998)) 
has allowed for the development of short interfering RNA 
(siRNA) therapeutics (Elbashir, et al. Nature 411:494-8 
(2001)), which have the potential to treat a wide variety of 
human diseases, including viral infections and cancer, 
through genetic modulation. Theoretically, siRNA can be 
used to alter the expression of nearly any gene in the body 
through the silencing of complementary messenger RNA. 
Such precise genetic control offers a broad therapeutic 
potential that is typically not attainable using conventional 
small molecule drugs. siRNA delivery vehicles must nego 
tiate a number of obstacles in vivo prior to delivering their 
payload to target cells. In addition to escorting therapeutic 
cargo through the bloodstream and extracellular matrix, 
delivery vehicles must mediate siRNA transport across the 
cellular membrane of the target cell as well as to facilitate 
endosomal escape prior to lysosomal digestion (Akinc, et al. 
J. Gene. Med. 7:657-63 (2005)). It is only once these barriers 
have been breached that siRNA can interact with the RNAi 
machinery within the cytoplasm and trigger the gene silenc 
ing process (Whitehead, et al. Nature Rev. Drug Discov. 
8:129-38 (2009)). 
0004. A select number of delivery systems have previ 
ously been reported to deliver siRNA for the treatment of a 
variety of disease targets in Vivo, including hypercholester 
olemia (Frank-Kamenetsky, et al. Proc. Natl. Acad. Sci. USA 
107:1864-9 (2010); Love, et al. Proc. Natl. Acad. Sci. USA 
26:431-42 (2008)), liver cirrhosis (Sato, et al. Nature Bio 
technol. 26:431-42 (2008)), Ebola virus (Geisbert, et al. 
Lancet 375:1896-1905 (2010)), and cancer (Huang, et al. 
Proc. Natl. Acad. Sci. USA 106:3426-30 (2009)). Unfortu 
nately, RNAi Success in Vivo has not consistently translated 
to success in the clinic. Because siRNA must be dosed 
repeatedly to achieve therapeutic effect, ideal delivery 
vehicles will offer a substantial therapeutic window in order 
to ensure the broadest clinical application. Although some 
materials have been identified that allow for potent gene 
silencing at siRNA doses as low as 0.01 mg/kg (Love, et al. 
Proc. Natl. Acad. Sci. USA 107:1864-9 (2010)), their clinical 
potential has been limited due to a lack of delivery vehicle 
degradability. There exists a continuing need for non-toxic, 
biodegradable, biocompatible lipids that can be used to 
transfect nucleic acids and other therapeutic agents. Such 
lipids would have several uses, including the delivery of 
siRNA. 
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SUMMARY OF THE INVENTION 

0005. The compounds described herein, known as lipi 
doids for their lipid-like tails, may be prepared by the 
addition of a primary or secondary amine to an acrylate via 
a Michael addition reaction. The lipidoids described herein 
may be used in the delivery of therapeutic agents to a 
subject. The inventive lipidoids are particularly useful in 
delivering negatively charged agents. For example, lipidoids 
described herein may be used to deliver DNA, RNA, or 
other polynucleotides to a subject or to a cell. In certain 
embodiments, lipidoids of the present invention are used to 
deliver siRNA. In certain embodiments, lipidoids described 
herein are useful as reagents. 
0006. In one aspect, the present invention provides a 
compound of the Formula (I): 

or a salt thereof, wherein L, R, R', and q are as defined 
herein. In certain embodiments, a provided compound is of 
the Formula (I-a), (I-b), (I-c). (I-d), or (I-e): 

I-a 

R R 
nN.1)-1N N Y n1 

l l R R R*/ R 
I-b 

R4 R 

I-e 

or a salt thereof, wherein m, n, R, and R are as defined 
herein. 
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0007. In another aspect, the present invention provides a 
compound of the Formula (II): 

II 

or a salt thereof, wherein L, R, and Rare as defined herein. 
In certain embodiments, a provided compound is of the 
Formula (II-a), (II-b), (II-c), (II-d), (II-e), or (II-f): 

II-a 

II-c 

II-d 

II-e 

it 
N N N N 
N, 1N n n 1 NL, N. 11 11 NR 

R L 

N 

Jun. 1, 2017 

-continued 
II-f 

R4 R4 

R n 1N-N-1a 1N-N-1N -R N N N 

R R 

R N 
nN.1\-1 NRA 

or a salt thereof, wherein V, L, R, R', and Rare as defined 
herein. 

0008. In another aspect, the present invention provides a 
compound of the Formula (III): 

III 

(R'), 

N-L- -L-N 

y \ (1. Y. 

or a salt thereof, wherein p, R', j, and Rare as defined herein. 
In certain embodiments, a provided compound is of the 
Formula (III-a), (III-b), (III-c), (III-d), or (III-e): 

III-a 

(R'); J. 

III-b 

III-c 
R 

\ 
R N -/ Y. -(4 \ / W 
R 

RI R 

( \ 
R N -/ Y. 
)-(4 \ / 
R 

III-d 
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-continued 
III-e 

RI R 

( \ 
R N -/ Y. 
N-4 ) / / 

R R 

or a salt thereof, wherein w, p. R', j, and R are as defined 
herein. 

0009. In another aspect, the present invention provides a 
compound of Formula (IV) 

IV 
R R 

N N 
( 

y 
N N 

R R 

or a salt thereof, wherein R, X, and y are as defined herein. 
In certain embodiments, a provided compound is of the 
Formula (IV-a): 

IV-a 
R R 

CC) 
N N 

R R 

or a salt thereof, wherein R is as defined herein. 
0010. In another aspect, the present invention provides a 
compound of Formula (V): 

R s-(Rg R 
V 1- M 
y N-4 Y. 

or a salt thereof, wherein L, R, g, and R are as defined 
herein. In certain embodiments, a provided compound is of 
the Formula (V-a), (V-b), (V-c), or (V-d): 

W-a 

(R) 
R S/S R 

N N 
R1 N. 4N-n 
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-continued 
R R V-b 

V 1s A 
N-L- --L-N. y N-4 R 

W-c 

R R 

l l 
R1 N. 11 NR 

W-d 

R 

-N Na R 

or a salt thereof, wherein L, R, g, and R are as defined 
herein. 
0011. In another aspect, the present invention provides a 
compound of formula 

N N N R 

R1 n-rr- NRA, R-1 - s 
R R 

R R R4 

O 
N N N R1 n-1N1 n-1N1 NRA 

R R 

N N 

R1 N^^. NR, 
R4 R R4 

or a salt thereof, wherein R and R' are as defined herein. 
0012. In another aspect, the present invention provides 
lipidoids having certain features. In some embodiments, a 
lipidoid of the present invention is prepared from an alky 
lamine starting material that has at least one tertiary amine. 
In some embodiments, a lipidoid of the present invention has 
three or more lipid-like tails. In some embodiments, the 
lipid-like tails on a lipidoid of the present invention are 
between C-C in length, e.g., C (e.g., derived from the 
Os acrylate shown in FIG. 1). In certain embodiments, a 
provided lipidoid is prepared from an alkylamine starting 
material that has at least one tertiary amine and has three or 
more C tails. 
0013. In another aspect, the inventive lipidoids are com 
bined with an agent to form nanoparticles, microparticles, 
liposomes, or micelles. The agent to be delivered by the 
nanoparticles, microparticles, liposomes, or micelles may be 
in the form of a gas, liquid, or Solid, and the agent may be, 
for example, a polynucleotide, protein, peptide, or Small 
molecule. In certain embodiments, inventive lipidoids may 
be combined with other lipids, polymers, Surfactants, cho 
lesterol, carbohydrates, proteins, etc. to form the particles. In 
certain embodiments, the particles may be combined with an 
excipient to form pharmaceutical or cosmetic compositions. 

DEFINITIONS 

0014 Definitions of specific functional groups and 
chemical terms are described in more detail below. For 
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purposes of this invention, the chemical elements are iden 
tified in accordance with the Periodic Table of the Elements, 
CAS version, Handbook of Chemistry and Physics, 75" Ed., 
inside cover, and specific functional groups are generally 
defined as described therein. Additionally, general principles 
of organic chemistry, as well as specific functional moieties 
and reactivity, are described in “Organic Chemistry’. 
Thomas Sorrell, University Science Books, Sausalito: 1999, 
the entire contents of which are incorporated herein by 
reference. 

0015 Certain compounds of the present invention may 
exist in particular geometric or stereoisomeric forms. The 
present invention contemplates all Such compounds, includ 
ing cis- and trans-isomers, R- and S-enantiomers, diaste 
reomers, (D)-isomers, (L)-isomers, the racemic mixtures 
thereof, and other mixtures thereof, as falling within the 
Scope of the invention. Additional asymmetric carbon atoms 
may be present in a Substituent Such as an alkyl group. All 
Such isomers, as well as mixtures thereof, are intended to be 
included in this invention. 

0016 Isomeric mixtures containing any of a variety of 
isomer ratios may be utilized in accordance with the present 
invention. For example, where only two isomers are com 
bined, mixtures containing 50:50, 60:40, 70:30, 80:20, 
90:10, 95:5, 96:4, 97:3, 98:2, 99:1, or 100:0 isomer ratios are 
all contemplated by the present invention. Those of ordinary 
skill in the art will readily appreciate that analogous ratios 
are contemplated for more complex isomer mixtures. 
0017. If, for instance, a particular enantiomer of a com 
pound of the present invention is desired, it may be prepared 
by asymmetric synthesis, or by derivation with a chiral 
auxiliary, where the resulting diastereomeric mixture is 
separated and the auxiliary group cleaved to provide the 
pure desired enantiomers. Alternatively, where the molecule 
contains a basic functional group. Such as amino, or an 
acidic functional group. Such as carboxyl, diastereomeric 
salts are formed with an appropriate optically-active acid or 
base, followed by resolution of the diastereomers thus 
formed by fractional crystallization or chromatographic 
means well known in the art, and Subsequent recovery of the 
pure enantiomers. 
0018. Unless otherwise stated, structures depicted herein 
are also meant to include compounds that differ only in the 
presence of one or more isotopically enriched atoms. For 
example, compounds having the present structures except 
for the replacement of hydrogen by deuterium or tritium, or 
the replacement of a carbon by a C- or 'C-enriched 
carbon are within the scope of this invention. Such com 
pounds are useful, for example, as analytical tools or probes 
in biological assays. 
0019. The term “aliphatic, as used herein, includes both 
saturated and unsaturated, nonaromatic, straight chain (i.e., 
unbranched), branched, acyclic, and cyclic (i.e., carbocy 
clic) hydrocarbons. In some embodiments, an aliphatic 
group is optionally substituted with one or more functional 
groups. As will be appreciated by one of ordinary skill in the 
art, “aliphatic' is intended herein to include alkyl, alkenyl, 
alkynyl, cycloalkyl, and cycloalkenyl moieties. 
0020. The term “alkyl as used herein refers to saturated, 
straight- or branched-chain hydrocarbon radicals derived 
from a hydrocarbon moiety containing between one and 
twenty carbon atoms by removal of a single hydrogen atom. 
Examples of alkyl radicals include, but are not limited to, 
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methyl, ethyl, propyl, isopropyl. n-butyl, tert-butyl, n-pen 
tyl, neopentyl, n-hexyl, n-heptyl, n-octyl, n-decyl. n-unde 
cyl, and dodecyl. 
0021. In certain embodiments, the alkyl groups employed 
in the inventive lipidoids contain 1-20 aliphatic carbon 
atoms. In certain other embodiments, the alkyl groups 
employed in the inventive lipidoids contain 1-10 aliphatic 
carbon atoms. In yet other embodiments, the alkyl groups 
contain 1-8 aliphatic carbon atoms. In still other embodi 
ments, the alkyl groups employed in the invention contain 
1-6 aliphatic carbon atoms. In yet other embodiments, the 
alkyl groups contain 1-4 carbon atoms. Illustrative alkyl 
groups thus include, but are not limited to, for example, 
methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl, isobu 
tyl, tert-butyl, n-pentyl, sec-pentyl, isopentyl, tert-pentyl, 
n-hexyl, and sec-hexyl. 
0022. The terms “alkenyl' and “alkynyl are given their 
ordinary meaning in the art and refer to unsaturated aliphatic 
groups analogous in length and possible Substitution to the 
alkyls described above, but that contain at least one double 
or triple bond respectively. 
0023 The term “cycloalkyl, as used herein, refers satu 
rated, cyclic hydrocarbon radicals derived from a hydrocar 
bon moiety containing between three and seven carbon 
atoms by removal of a single hydrogen atom. Suitable 
cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, and cycloheptyl. 
0024. The term “cycloalkylalkyl, as used herein, refers 
to a cycloalkyl group attached via a straight chain or 
branched alkyl group. Suitable cycloalkylalkyl groups 
include, but are not limited to. —CH2(cyclopropyl), 
—CH2CH2(cyclopropyl), —CH2(cyclobutyl), —CH2CH2 
(cyclobutyl), —CH2(cyclopentyl), —CHCH-(cyclopen 
tyl), —CH2(cyclohexyl), —CH2CH2(cyclohexyl), —CH2 
(cycloheptyl), and —CH2CH2(cycloheptyl). 
(0025. The term “alkylene' as used herein refers to a 
bivalent alkyl group. An “alkylene' group is a polymethyl 
enegroup, i.e., —(CH) , wherein k is a positive integer, 
e.g., from 1 to 20, from 1 to 10, from 1 to 6, from 1 to 4, from 
1 to 3, from 1 to 2, or from 2 to 3. In some embodiments, 
one or more hydrogens on an alkylene group is replaced by 
a Substituent (e.g., fluoro). 
0026. The following are more general terms used 
throughout the present application: 
0027 “Animal: The term animal, as used herein, refers 
to humans as well as non-human animals, including, for 
example, mammals, birds, reptiles, amphibians, and fish. 
Preferably, the non-human animal is a mammal (e.g., a 
rodent, a mouse, a rat, a rabbit, a monkey, a dog, a cat, a 
primate, or a pig). An animal may be a transgenic animal. 
0028 “Associated with’. When two entities are “associ 
ated with one another as described herein, they are linked 
by a direct or indirect covalent or non-covalent interaction. 
Preferably, the association is covalent. Desirable non-cova 
lent interactions include hydrogen bonding, van der Waals 
interactions, hydrophobic interactions, magnetic interac 
tions, electrostatic interactions, etc. 
(0029 “Biocompatible': The term “biocompatible', as 
used herein is intended to describe compounds that are not 
toxic to cells. In certain embodiments, compounds are 
“biocompatible' if their addition to cells in vitro at a 
minimum therapeutically effective dose results in less than 
or equal to 20% cell death, and their administration in vivo 
does not induce inflammation or other Such adverse effects. 
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0030) “Biodegradable'. As used herein, “biodegradable” 
compounds are those that, when introduced into cells, are 
broken down by the cellular machinery or by hydrolysis into 
components that the cells can either reuse or dispose of 
without significant long-term toxic effect on the cells. In 
certain embodiments, the components do not induce inflam 
mation or other adverse effects in vivo. In certain embodi 
ments, the chemical reactions relied upon to break down the 
biodegradable compounds are uncatalyzed. 
0031) “Peptide' or “protein': According to the present 
invention, a "peptide' or “protein’ comprises a string of at 
least three amino acids linked together by peptide bonds. 
The terms “protein’ and "peptide' may be used interchange 
ably. Peptide may refer to an individual peptide or a collec 
tion of peptides. Inventive peptides preferably contain only 
natural amino acids, although non-natural amino acids (i.e., 
compounds that do not occur in nature but that can be 
incorporated into a polypeptide chain) and/or amino acid 
analogs as are known in the art may alternatively be 
employed. Also, one or more of the amino acids in an 
inventive peptide may be modified, for example, by the 
addition of a chemical entity Such as a carbohydrate group, 
a phosphate group, a farnesyl group, an isofarnesyl group, a 
fatty acid group, a linker for conjugation, functionalization, 
or other modification, etc. In a preferred embodiment, the 
modifications of the peptide lead to a more stable peptide 
(e.g., greater half-life in vivo). These modifications may 
include cyclization of the peptide, the incorporation of 
D-amino acids, etc. None of the modifications should sub 
stantially interfere with the desired biological activity of the 
peptide. 
0032 “Polynucleotide' or “oligonucleotide': Polynucle 
otide or oligonucleotide refers to a polymer of nucleotides. 
Typically, a polynucleotide comprises at least three nucleo 
tides. The polymer may include natural nucleosides (i.e., 
adenosine, thymidine, guanosine, cytidine, uridine, deoxy 
adenosine, deoxythymidine, deoxyguanosine, and deoxycy 
tidine), nucleoside analogs (e.g., 2-aminoadenosine, 2-thio 
thymidine, inosine, pyrrolo-pyrimidine, 3-methyl 
adenosine, C5-propynylcytidine, C5-propynyluridine, 
C5-bromouridine, C5-fluorouridine, C5-iodouridine, 
C5-methylcytidine, 7-deazaadenosine, 7-deazaguanosine, 
8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, and 
2-thiocytidine), chemically modified bases, biologically 
modified bases (e.g., methylated bases), intercalated bases, 
modified Sugars (e.g. 2'-fluororibose, ribose. 2'-deoxyri 
bose, arabinose, and hexose), or modified phosphate groups 
(e.g., phosphorothioates and 5'-N-phosphoramidite link 
ages). 

0033 “Small molecule: As used herein, the term “small 
molecule' refers to organic compounds, whether naturally 
occurring or artificially created (e.g., via chemical synthesis) 
that have relatively low molecular weight and that are not 
proteins, polypeptides, or nucleic acids. Typically, Small 
molecules have a molecular weight of less than about 1500 
g/mol. Also, Small molecules typically have multiple car 
bon-carbon bonds. Known naturally-occurring Small mol 
ecules include, but are not limited to, penicillin, erythromy 
cin, taxol, cyclosporin, and rapamycin. Known synthetic 
Small molecules include, but are not limited to, amplicillin, 
methicillin, Sulfamethoxazole, Sulfonamides, dexametha 
Sone, and doxorubicin. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0034 FIG. 1 displays a subset of the large library of 
biodegradable lipidoids that were synthesized combinatori 
ally through the conjugate addition of alkylamines (in red) 
to alkyl-acrylate tails (in blue). The rest of the alkylamines 
used in lipidoid library synthesis are shown in FIG. 2. 
0035 FIG. 2 shows additional alkylamines used in the 
lipidoid library. 
0036 FIG. 3 shows the evaluation of lipidoids for an 
ability to deliver siRNA to HeLa cells. (a) Relative 
luciferase activity values (firefly lucifase activity normalized 
to control Renilla luciferase activity) are shown for 1400 
lipidoids. ~7% of the library induced >50% gene silencing 
(shown in red). The tail length (b), tail substitution number 
(c) and alkyl-amine composition (d) influenced in vitro 
activity. 
0037 FIG. 4 demonstrates that select lipidoids induced a 
high degree silencing of multiple targets in mice. (a) Of the 
~100 lipidoids tested in vivo, 15 induced complete Factor 
VII knockdown in mouse hepatocytes at a total siRNA dose 
of 5 mg/kg (data points in red). (b) The ECso values of these 
top 15 lipidoids ranged from 0.05 to 1.5 mg/kg under 
standard formulation conditions. (c) The amount of PEG in 
the lipid nanoparticle formulation had a dramatic effect on 
efficacy. Data is shown for the lipidoid 304O, which 
produced the most efficacious formulation of the study when 
formulated with 0.75% PEG. (d) Dose response and Factor 
VII activity recovery data for the optimized 304O lipid 
nanoparticle formulation. 304O, also induced CD45 silenc 
ing in monocyte and macrophage (CD1 lb+) populations in 
the peritoneal cavity (e) as well as in dendritic cells 
(CD11c--) in the spleen 3 days post-injection. In all panels, 
error bars represent standard deviation (n=3). 
0038 FIG. 5 shows biodistribution images for Cy5.5- 
labeled siRNA delivered with the lipidoid 304O. IVIS (a) 
and Odyssey (b) imaging show that, while naked siRNA is 
primarily cleared through the kidneys, 304O mediates 
accumulation in the liver and spleen. (c) Confocal micros 
copy of 304O-treated liver shows siRNA (red) delivery 
into nearly all cells, including Kupffer cells and hepatocytes. 
In contrast, naked siRNA had a limited penetration depth 
from the blood vessels into hepatocellular tissue. (d) 304O 
lipid nanoparticles were rapidly eliminated from the blood 
stream after tail vein injection. Error bars represent standard 
deviation (n=3). 
0039 FIG. 6 shows a comparison of (a) cytokine profiles 
4 hours post-injection and (b) liver histology sections 72 
hours post-injection for degradable (304O) and non-de 
gradable (C12-200) lipid nanoparticles. 
0040 FIG. 7 displays structure-function information of 
efficacious lipid nanoparticles. (a) Of the 108 lipid nanopar 
ticles tested for siRNA delivery to hepatocytes in mice, 66 
had 3 or more tails, 42 had a tertiary amine present in the 
original alkyl-amine, and 25 had an O. tail length. 88% of 
the lipid nanoparticles exhibiting all three “efficacy criteria 
achieved complete FVII knockdown. The percentage of 
efficacious lipid nanoparticles decreased precipitously when 
any criterion were not met. (b) Twelve second generation 
lipid nanoparticles were made to meet all efficacy criteria by 
first synthesizing custom alkyl-amines and reacting them 
with O. tails. (c) 83% of second generation LNPs achieved 
complete FVII silencing in Vivo, and (d) ECsos under 
non-optimized LNP formulating conditions ranged from 
0.05 to 1 mg/kg total siRNA. (e) 503O was the most 
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efficacious LNP upon formulation, with an ECs of 0.01 
mg/kg. 503O encapsulating control siRNA did not result in 
FVII knockdown. Error bars represent standard deviation 
(n-3). 
0041 FIG. 8 shows that lipid nanoparticles that induced 
complete FVII silencing at 5 mg/kg behaved in a dose 
dependent manner. Each lipid nanoparticle was evaluated at 
three additional doses (2, 0.5, and 0.1 mg/kg) shown from 
left to right. Error bars represent standard deviation (n=3). 
0042 FIG. 9 shows that the lipid nanoparticles 306O. 
306O and 315O facilitated modest silencing of the sur 
face receptor CD45 in various white blood cell populations 
harvested from the peritoneal cavity (left) and spleen (right) 
of B6 mice three days post-injection (dose-2.5 mg/kg total 
siRNA). Error bars represent standard deviation (n=3). 
0043 FIG. 10 shows that pKa values significantly influ 
ence delivery efficacy to hepatocytes in vivo. All lipidoid 
nanoparticles capable of mediating complete Factor VII 
gene silencing had pKa values greater or equal to 5.5. 
0044 FIGS. 11A and 11B show degradation by hydroly 
sis of the lipidoid 304O. Overlay of H NMR spectra of the 
starting material 304Os, the crude reaction mixture, and 
authentic 1-tridecanol demonstrated that the 304O had 
been consumed and that tridecanol had been formed in 
significant quantity under both acidic and basic conditions. 
FIG. 11A shows acidic hydrolysis condition, and FIG. 11B 
shows basic hydrolysis condition. 
0045 FIG. 12 shows that clinical chemistry parameters 
were evaluated for negative control (PBS, black), 304O 
(blue), and C12-200 (red) groups of C57BL/6 mice. The 
mice had been injected with either a single 3 mg/kg dose of 
total siRNA or four 3 mg/kg doses (lx per week for four 
weeks). Blood was drawn for analysis 72 hours post-final 
injection. There were no statistically significant changes in 
any of the clinical chemistry parameters for any of the 
treated groups compared to controls (as evaluated by a 
student t-test). Error bars represent standard deviation (n-3- 
5). 
0046 FIG. 13 shows that the second generation lipid 
nanoparticles (LNPs) facilitated silencing of the surface 
receptor CD45 in various white blood cell populations 
harvested from the peritoneal cavity (left) and spleen (right) 
of B6 mice three days post-injection (dose-2.5 mg/kg total 
siRNA). Percent silencing was calculated by comparing to 
an identically defined cell population from animals injected 
with a non-targeting siRNA formulated with the same LNP. 
Error bars represent standard deviation (n=3). 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS 

0047. The present invention provides lipidoids and lipi 
doid-based delivery systems. The systems described herein 
may be used in the pharmaceutical/drug delivery arts to 
delivery polynucleotides, proteins, Small molecules, pep 
tides, antigen, drugs, etc. to a patient, tissue, organ, cell, etc. 
0048. The lipidoids of the present invention provide for 
several different uses in the drug delivery art. The lipidoids 
with their amine-containing hydrophilic portion may be used 
to complex polynucleotides and thereby enhance the deliv 
ery of polynucleotides and prevent their degradation. The 
lipidoids may also be used in the formation of nanoparticles, 
microparticles, liposomes, and micelles containing the agent 
to be delivered. In certain embodiments, the lipids are 
biocompatible and biodegradable, and particles formed 
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therefrom are also biodegradable and biocompatible and 
may be used to provide controlled, sustained release of the 
agent. Provided lipidoids and their corresponding particles 
may also be responsive to pH changes given that these lipids 
are protonated at lower pH. 

Lipidoids 

0049. The lipidoids of the present invention contain pri 
mary, secondary, or tertiary amines and salts thereof. In 
certain embodiments, the inventive lipidoids are biodegrad 
able. In certain embodiments, inventive lipidoids are effec 
tive at delivering an agent (e.g., RNA) to a cell. 
0050. In certain embodiments, a lipidoid of the present 
invention is prepared from an alkylamine starting material 
that has at least one tertiary amine. In some embodiments, a 
lipidoid of the present invention has three or more lipid-like 
tails. In some embodiments, the lipid-like tails on a lipidoid 
of the present invention are between Co-Ca in length, e.g., 
C1-C1, e.g., C. In certain embodiments, a provided 
lipidoid is prepared from an alkylamine starting material that 
has at least one tertiary amine and the lipidoid formed 
therefrom has three or more C tails. In certain embodi 
ments, a provided lipidoid is prepared from an alkylamine 
starting material that has at least one tertiary amine, pro 
vided that the amine is not amine 110, amine 113, or amine 
115, and the lipidoid formed therefrom has three or more C 
tails. 

110 
NH2 

HN ? 
2 N-1SN 

Null. 
HN NH 113 

2 ~~~ 2 
115 

NH2 

NH2 

0051. In certain embodiments, a lipidoid of the present 
invention is of the Formula (I): 

R R4 R 
V M 
N--L-N-L-N 
M g V 

R R 

(I) 
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or a salt thereof, wherein 
0052 each L is, independently, branched or unbranched 
C. alkylene, wherein L is optionally substituted with one or 
more fluorine radicals; 
I0053 each R" is, independently, branched or unbranched 
C. alkyl, C-7 cycloalkyl, or branched or unbranched C. 
cycloalkylalkyl, wherein R is optionally substituted with 
one or more fluorine radicals; 
0054 each Ris, independently, hydrogen or —CHCHC 
(—O)OR; 
0055 each R is, independently, Co. alkyl, wherein R 

is optionally substituted with one or more fluorine radicals; 
and 
0056 q is 1, 2, or 3. 
0057. In certain embodiments, a lipidoid of formula (I) is 
not 

R R 

1N1a1n-n 
hi, 

0058 As defined generally above, each L is, indepen 
dently, branched or unbranched C. alkylene, wherein L is 
optionally substituted with one or more fluorine radicals. In 
some embodiments, L is substituted with one or more 
fluorine radicals. In other embodiments, L is unsubstituted. 
In some embodiments, L is branched. In other embodiments, 
L is unbranched. In certain embodiments, L is C alkylene. 
In certain embodiments, L is methylene, ethylene, or pro 
pylene. 
0059. As defined generally above, each R is, indepen 
dently, branched or unbranched C. alkyl, C-7 cycloalkyl, 
or branched or unbranched C. cycloalkylalkyl, wherein 
R" is optionally substituted with one or more fluorine 
radicals. In some embodiments, R is substituted with one or 
more fluorine radicals. For example, when R is methyl, it 
may be substituted with one, two, or three fluorine radicals 
to give —CHF, —CHF, or —CF. In other embodiments, 
R" is unsubstituted. In some embodiments, all R" groups are 
the same. In other embodiments, the R' groups are different. 
In some embodiments, R is branched or unbranched C. 
alkyl. In certain embodiments, R is branched C, alkyl. In 
certain embodiments, R is unbranched C, alkyl. In certain 
embodiments, R is C, alkyl. In certain embodiments, R' 
is methyl, ethyl, or propyl. In certain embodiments, R is 
C-7 cycloalkyl. In certain embodiments, R is cyclohexyl. 
In certain embodiments, R is cyclopropyl, cyclobutyl, or 
cyclopentyl. In certain embodiments, R is cycloheptyl. In 
some embodiments, R is branched or unbranched Ca2 
cycloalkylalkyl. 
0060. As defined generally above, each R is, indepen 
dently, hydrogen or —CHCHC(=O)CR. In some 
embodiments, at least three R groups are —CH2CHC(=O) 
OR. In some embodiments, at least four R groups are 
—CHCHC(=O)CR. In some embodiments, all R groups 
are CHCHC(=O)CR. 
0061. As defined generally above, each R is, indepen 
dently, Cola alkyl, wherein R is optionally substituted 
with one or more fluorine radicals. In some embodiments, 
R’ is substituted with one or more fluorine radicals. For 
example, in some embodiments, R may be substituted with 
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one fluoro, or in other embodiments, may be perfluorinated. 
In other embodiments, R is unsubstituted. In some embodi 
ments, all R groups are the same. In certain embodiments, 
R’ is Co alkyl. In some embodiments, R is n-decyl. In 
certain embodiments, R is C, alkyl. In some embodiments, 
R’ is n-undecyl. In certain embodiments, R is C, alkyl. In 
some embodiments, R is n-dodecyl. In certain embodi 
ments, R is C, alkyl. In some embodiments, R is n-tri 
decyl. In certain embodiments, R is C alkyl. In some 
embodiments, R is n-tetradecyl. 
0062. As defined generally above, q is 1, 2, or 3. In some 
embodiments, q is 1. In some embodiments, q is 2. In some 
embodiments, q is 3. 
0063. In some embodiments, a lipidoid of the present 
invention is of the Formula (I-a): 

or a salt thereof, 
wherein Rand Rare as defined above and described herein; 
0064 each n is, independently, 0, 1, or 2; and 
0065 m is 0, 1, or 2. 
0066. In some embodiments, m is 0. In some embodi 
ments, m is 1. In some embodiments, m is 2. 
0067. In some embodiments, n is 0. In some embodi 
ments, n is 1. In some embodiments, n is 2. 
0068. In some embodiments, m is 0, and n is 0. In some 
embodiments, m is 1, and n is 0. In some embodiments, m 
is 2, and n is 0. In some embodiments, m is 0, and n is 1. In 
Some embodiments, m is 0, and n is 2. In some embodi 
ments, m is 1, and n is 1. 
0069. In some embodiments, a lipidoid of the present 
invention is of the Formula (I-b): 

I-b 
R4 R 

R l 
nN.1\-1 N-1 n1n-1 NR 

R R4 

or a salt thereof, wherein R and Rare as defined above and 
described herein. 

0070. In some embodiments, a lipidoid of the present 
invention is of the Formula (I-c): 

R R I-c 

~~~~ 
R R4 R 

or a salt thereof, wherein R and Rare as defined above and 
described herein. 
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0071. In some embodiments, a lipidoid of the present 
invention is of the Formula (I-d): 

or a salt thereof, wherein R and Rare as defined above and 
described herein. 

0072. In some embodiments, a lipidoid of the present 
invention is of the Formula (I-e): 

I-e 
R R 

-N->~~~s, 
or a salt thereof, wherein R and Rare as defined above and 
described herein. 

0073. In some embodiments, a lipidoid of the present 
invention is of one of the following formulae: 

R R, 

~~~~ 
R CH3 R 

R N N nN.1\-1 N-1\1\- NR, 
l 
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*n-1-N-11a-N. 
l 

N 
*n-1-N-N-1a1a-N. 

l 

*n-1-N-11-n 
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0074. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II): 

II 

or a salt thereof, 
wherein 

0075 each L is, independently, branched or unbranched 
C. alkylene, wherein L is optionally substituted with one or 
more fluorine radicals; 
I0076) each R" is, independently, branched or unbranched 
C. alkyl, C-7 cycloalkyl, or branched or unbranched C. 
cycloalkylalkyl, wherein R is optionally substituted with 
one or more fluorine radicals; 
0.077 each R is, independently, -L-N(RP) or R: 
0078 each Ris, independently, hydrogen or —CH2CHC 
(—O)OR; 
0079 each RP is, independently, R or —R; and 
each R is, independently, Co. alkyl, wherein R is 
optionally substituted with one or more fluorine radicals. 
0080. As defined generally above, each L is, indepen 
dently, branched or unbranched C. alkylene, wherein L is 
optionally substituted with one or more fluorine radicals. In 
some embodiments, L is substituted with one or more 
fluorine radicals. In other embodiments, L is unsubstituted. 
In some embodiments, L is branched. In other embodiments, 
L is unbranched. In certain embodiments, L is C alkylene. 
In certain embodiments, L is methylene, ethylene, or pro 
pylene. 
I0081. As defined generally above, each R" is, indepen 
dently, branched or unbranched C. alkyl, C., cycloalkyl, 
or branched or unbranched C2 cycloalkylalkyl, wherein 
R is optionally substituted with one or more fluorine 
radicals. In some embodiments, R is substituted with one or 
more fluorine radicals. For example, when R is methyl, it 
may be substituted with one, two, or three fluorine radicals 
to give —CHF, —CHF, or—CF. In other embodiments, 
R is unsubstituted. In some embodiments, all R groups are 
the same. In other embodiments, the R' groups are different. 
In some embodiments, R is branched or unbranched C. 
alkyl. In certain embodiments, R is branched C, alkyl. In 
certain embodiments, R is unbranched C- alkyl. In certain 
embodiments, R is C alkyl. In certain embodiments, R 
is methyl, ethyl, or propyl. In certain embodiments, R is 
C., cycloalkyl. In certain embodiments, R is cyclohexyl. 
In certain embodiments, R is cyclopropyl, cyclobutyl, or 
cyclopentyl. In certain embodiments, R is cycloheptyl. In 
some embodiments, R is branched or unbranched Ca2 
cycloalkylalkyl. 
I0082. As defined generally above, each R is, indepen 
dently. -L-N(RP) or R. In some embodiments, all R. 
groups are R. In some embodiments, R is -L-N(R'). 
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I0083. As defined generally above, each RP is, indepen 
dently, R or R. In some embodiments, all RP groups 
are —R. In some embodiments, one Ron a nitrogenis-R, 
and the other is R. 
I0084 As defined generally above, each R is, indepen 
dently, hydrogen or —CH2CHC(=O)CR”. In some 
embodiments, at least one R group is —CH2CHC(=O) 
OR. In some embodiments, at least two R groups are 
—CHCHC(=O)CR. In some embodiments, at least 
three R groups are —CH2CHC(=O)CR”. In some 
embodiments, at least four R groups are —CHCHC(=O) 
OR. In some embodiments, all R groups are —CH2CHC 
(—O)OR. 
I0085. As defined generally above, each R is, indepen 
dently, Cola alkyl, wherein R is optionally substituted 
with one or more fluorine radicals. In some embodiments, 
R’ is substituted with one or more fluorine radicals. For 
example, in some embodiments, R may be substituted with 
one fluoro, or in other embodiments, may be perfluorinated. 
In other embodiments, R is unsubstituted. In some embodi 
ments, all R groups are the same. In certain embodiments, 
R’ is Co alkyl. In some embodiments, R is n-decyl. In 
certain embodiments, R is C alkyl. In some embodiments, 
R’ is n-undecyl. In certain embodiments, R is C, alkyl. In 
some embodiments, R is n-dodecyl. In certain embodi 
ments, R is C alkyl. In some embodiments, R is n-tri 
decyl. In certain embodiments, R is C, alkyl. In some 
embodiments, R is n-tetradecyl. 
I0086. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II-a): 

II-a 

or a salt thereof, 
wherein 
I0087 each V is, independently, 1, 2, or 3. 
0088. In certain embodiments, V is 1. In certain embodi 
ments, V is 2. In certain embodiments, V is 3. 
I0089. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II-b): 

II-b 

or a salt thereof, wherein R and Rare as defined above and 
described herein. 
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0090. In certain embodiments, a lipidoid of the present 
invention is of the formula: 

1N1)-1S-Nn 

N 
R1 N. 

or a salt thereof, wherein R is as defined above and 
described herein. 
0091. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II-c): 

II-c 

| 
p-N-N- -N-No 

N 

f 
N N 

RD1 N1 NRA 

or a salt thereof, wherein L, R, and RP are as defined above 
and described herein. 
0092. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II-d): 

II-d 
R4 R4 R4 R4 

N N N N 
1N1 in 1 n-1 N. 

R L in- L R 

R4 

N N 
R1 N11 NRA 

or a salt thereof, wherein L, R, and R are as defined above 
and described herein. 
0093. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II-e): 

II-e 

it 
N N N N 

R1 n1n 1N1 NR a 1 

R L 

N N 
R1 N11 NRA 

or a salt thereof, wherein L, R, and R are as defined above 
and described herein. 
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0094. In certain embodiments, a lipidoid of the present 
invention is of the Formula (II-f): 

II-f 

or a salt thereof, wherein R' and Rare as defined above and 
described herein. 
0095. In certain embodiments, a lipidoid of the present 
invention is of the formula: 

n1n-N-1a1n-N-1a-' 
R R 

n1n-N 
R 

or a salt thereof, wherein R is as defined above and described 
herein. 
0096. In certain embodiments, a lipidoid of the present 
invention is of the Formula (III): 

III 

(R'), 

N-L- -L-N 

or a salt thereof, 
wherein 
0097 each L is, independently, branched or unbranched 
C. alkylene, wherein L is optionally substituted with one or 
more fluorine radicals; 
0.098 each R is, independently, hydrogen or —CH2CHC 
(—O)OR; 
I0099 each R” is, independently, Co. alkyl, wherein R 
is optionally substituted with one or more fluorine radicals; 
I0100 each R" is, independently, fluoro or C. alkyl 
optionally substituted with one or more fluorine radicals; 
0101 j is 0, 1, 2, 3, or 4; and 
0102 p is 1 or 2. 
0103) In certain embodiments, at least three R groups of 
formula (III) are CHCHC(=O)CR. 
0104. As defined generally above, each L is, indepen 
dently, branched or unbranched C. alkylene, wherein L is 
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optionally substituted with one or more fluorine radicals. In 
some embodiments, L is substituted with one or more 
fluorine radicals. In other embodiments, L is unsubstituted. 
In some embodiments, L is branched. In other embodiments, 
L is unbranched. In certain embodiments, L is C alkylene. 
In certain embodiments, L is methylene, ethylene, or pro 
pylene. 

0105. As defined generally above, each R is, indepen 
dently, hydrogen or —CH2CHC(=O)CR”. In some 
embodiments, at least three R groups are —CHCHC(=O) 
OR. In some embodiments, at least four R groups are 
—CH2CHC(=O)CR”. In some embodiments, all R groups 
are CHCHC(=O)CR’. 
I0106) As defined generally above, each R is, indepen 
dently, Co. alkyl, wherein R is optionally substituted 
with one or more fluorine radicals. In some embodiments, 
R’ is substituted with one or more fluorine radicals. For 
example, in some embodiments, R may be substituted with 
one fluoro, or in other embodiments, may be perfluorinated. 
In other embodiments, R is unsubstituted. In some embodi 
ments, all R groups are the same. In certain embodiments, 
R’ is Co alkyl. In some embodiments, R is n-decyl. In 
certain embodiments, R is C alkyl. In some embodiments, 
R’ is n-undecyl. In certain embodiments, R is C, alkyl. In 
some embodiments, R is n-dodecyl. In certain embodi 
ments, R is C alkyl. In some embodiments, R is n-tri 
decyl. In certain embodiments, R is C, alkyl. In some 
embodiments, R is n-tetradecyl. 
0107. In certain embodiments, p is 1. In certain embodi 
ments, p is 2. 
I0108. As defined generally above, each R' is, indepen 
dently, fluoro or C. alkyl optionally substituted with one or 
more fluorine radicals. In some embodiments, R' is fluoro. 
In some embodiments, R' is C, alkyl optionally substituted 
with one or more fluorine radicals. In some embodiments, 
R" is unsubstituted C. alkyl. In some embodiments, R is 
methyl or ethyl. In some embodiments, R' is CF. 
0109. In some embodiments, j is 0. In some embodi 
ments, j is 1. In some embodiments, j is 2. In some 
embodiments, j is 3. In some embodiments, j is 4. 
0110. In certain embodiments, a lipidoid of the present 
invention is of the Formula (III-a): 

III-a 

(R'); A 
R 

N 

R / \ / Y. 
X-Y \ / 
R 

or a salt thereof, 
wherein p, R', j, and Rare as defined above and described 
herein, and 
0111 
0112. In certain embodiments, w is 1. In certain embodi 
ments, w is 2. In certain embodiments, w is 3. 

each w is, independently, 1, 2, or 3. 
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0113. In certain embodiments, a lipidoid of the present 
invention is of the Formula (III-b): 

III-b 

(R'); J. 
/-- N 

"v / \ / / R 
/ 

or a salt thereof, wherein R', j, w, and Rare as defined above 
and described herein. 
0114. In certain embodiments, a lipidoid of the present 
invention is of the Formula (III-c): 

III-c 
R 

A 
N 

y -O-/ Y. 
R 

wherein w and Rare as defined above and described herein. 
0115. In certain embodiments, a lipidoid of the present 
invention is of the Formula (III-d): 
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-continued 

N N 

// \ / 
R-N 

V 
R 

wherein w, R', and R are as defined above and described 
herein. 
0116. In certain embodiments, a lipidoid of the present 
invention is of the Formula (III-e): 

III-e 
RI R 

M 
N /-( / \ R N N )w R 

X-4) / N w 

/ 
R R 

wherein w, R', and R are as defined above and described 
herein. 
0117. In certain embodiments, a lipidoid of the present 
invention is of the formula: 
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-continued 
R 

wherein R is as defined above and described herein. 

0118. In certain embodiments, a lipidoid of the present 
invention is of the Formula (IV): 

IV 
R R 

N N 
( 

y 
N N 

R R 

or a salt thereof, 
wherein 

I0119) each R is, independently, hydrogen or —CHCHC 
(—O)OR; 
I0120 each R” is, independently, Co. alkyl, wherein R 
is optionally substituted with one or more fluorine radicals; 
0121 X is 1 or 2; and 
(0.122 y is 1 or 2. 
I0123. As defined generally above, each R is, indepen 
dently, hydrogen or —CH2CHC(=O)CR”. In some 
embodiments, at least one R group is —CH2CHC(=O) 
OR. In some embodiments, at least two R groups are 
—CH2CHC(=O)CR”. In some embodiments, at least 
three R groups are —CHCHC(=O)CR. In some 
embodiments, at least four R groups are —CH2CHC(=O) 
OR. In some embodiments, all R groups are —CHCHC 
(—O)OR. 
(0.124. As defined generally above, each R is, indepen 
dently, Cola alkyl, wherein R is optionally substituted 
with one or more fluorine radicals. In some embodiments, 
R’ is substituted with one or more fluorine radicals. For 
example, in some embodiments, R may be substituted with 
one fluoro, or in other embodiments, may be perfluorinated. 
In other embodiments, R is unsubstituted. In some embodi 
ments, all R groups are the same. In certain embodiments, 
R’ is Co alkyl. In some embodiments, R is n-decyl. In 
certain embodiments, R is C alkyl. In some embodiments, 
R’ is n-undecyl. In certain embodiments, R is C, alkyl. In 
some embodiments, R is n-dodecyl. In certain embodi 
ments, R is C, alkyl. In some embodiments, R is n-tri 
decyl. In certain embodiments, R is C alkyl. In some 
embodiments, R is n-tetradecyl. 
0.125. In some embodiments, X is 1. In some embodi 
ments, X is 2. In some embodiments, y is 1. In some 
embodiments, y is 2. In some embodiments, X is 1 and y is 
1. In some embodiments, X is 2 and y is 2. 
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0126. In certain embodiments, a lipidoid of the present 
invention is of the Formula (IV-a): 

IV-a 
R R 

CC) 
N N 

R R 

or a salt thereof, wherein R is as defined above and described 
herein. 
0127. In certain embodiments, a lipidoid of the present 
invention is of the Formula (V): 

V 

R (R) 
R \-?i-. 
V y N-4 R 

or a salt thereof, wherein 
0128 each L is, independently, branched or unbranched 
C. alkylene, wherein L is optionally substituted with one or 
more fluorine radicals; 
0129 each R is, independently, halo, Caliphatic 
optionally substituted with one or more fluorine radicals, 
OR, N(R), SR, CN, C(=Z)R’, C(=Z) 

ZR', or ZC(=Z)ZR; 
0130 Z is O or N: 
0131 each R is, independently, Caliphatic; 
0132 each R” is, independently, hydrogen or Cali 
phatic; 
0.133 g is 0, 1, 2, 3, or 4: 
0134 each R is independently hydrogen or —CH2CHC 
(=O)CR'; and 
I0135) each R is independently Co. alkyl, wherein R” 
is optionally substituted with one or more fluorine radicals. 
0136. As defined generally above, each L is, indepen 
dently, branched or unbranched C. alkylene, wherein L is 
optionally substituted with one or more fluorine radicals. In 
some embodiments, L is substituted with one or more 
fluorine radicals. In other embodiments, L is unsubstituted. 
In some embodiments, L is branched. In other embodiments, 
L is unbranched. In certain embodiments, L is C alkylene. 
In certain embodiments, L is methylene, ethylene, or pro 
pylene. 
0.137 As defined generally above, each R is, indepen 
dently, hydrogen or —CH2CHC(=O)CR”. In some 
embodiments, at least one R group is —CHCHC(=O) 
OR. In some embodiments, at least two R groups are 
—CH2CHC(=O)CR”. In some embodiments, at least 
three R groups are —CHCHC(=O)CR. In some 
embodiments, at least four R groups are —CH2CHC(=O) 
OR. In some embodiments, all R groups are —CHCHC 
(—O)OR. 
I0138. As defined generally above, each R is, indepen 
dently, Co. alkyl, wherein R is optionally substituted 
with one or more fluorine radicals. In some embodiments, 
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R’ is substituted with one or more fluorine radicals. For 
example, in some embodiments, R may be substituted with 
one fluoro, or in other embodiments, may be perfluorinated. 
In other embodiments, R is unsubstituted. In some embodi 
ments, all R groups are the same. In certain embodiments, 
R’ is Co alkyl. In some embodiments, R is n-decyl. In 
certain embodiments, R is C, alkyl. In some embodiments, 
R’ is n-undecyl. In certain embodiments, R is C, alkyl. In 
some embodiments, R is n-dodecyl. In certain embodi 
ments, R is C, alkyl. In some embodiments, R is n-tri 
decyl. In certain embodiments, R is C alkyl. In some 
embodiments, R is n-tetradecyl. 
I0139. As defined generally above, each R is, indepen 
dently, halo, Caliphatic optionally Substituted with one or 
more fluorine radicals, —OR, N(R). —SR, —CN, 
- C(=Z)R’, C(—Z)ZR, -ZC(=Z)ZR': wherein Z is O 
or N; each R is, independently, Caliphatic; and each R' 
is, independently, hydrogen or C. aliphatic. In some 
embodiments, R is halo. In some embodiments, R is fluoro. 
In some embodiments, R is Caliphatic optionally sub 
stituted with one or more fluorine radicals. In some embodi 
ments, R is C, alkyl. 
0140. In some embodiments, g is 0. In some embodi 
ments, g is 1. In some embodiments, g is 2. In some 
embodiments, g is 3. In some embodiments, g is 4. 
0.141. In certain embodiments, a lipidoid of the present 
invention is of Formula (V-a): 

W-a 

(R) 
w R Sán 

N N 
R1 N. 4fn1n 

or a salt thereof, wherein L, R, g, and Rare as defined above 
and described herein. 

0142. In certain embodiments, a lipidoid of the present 
invention is of Formula (V-b): 

R R 
V A 
N-L-H --L-N 
M V 
R R N-4 

or a salt thereof, wherein L and Rare as defined above and 
described herein. 

0143. In certain embodiments, a lipidoid of the present 
invention is of Formula (V-c): 

or a salt thereof, wherein L and Rare as defined above and 
described herein. 
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0144. In certain embodiments, a lipidoid of the present 
invention is of Formula (V-d): 

or a salt thereof, wherein R is as defined above and described 
herein. 

0145. In certain embodiments, a lipidoid of the present 
invention is of the formula: 

N N N R 

R1 n-rr- NRA, R1 - s 
R R 

R R R4 

N N N 
R1 n-1N1 n-1N1 n R4, O 

R R 

N N 

R1 Nr. NR, 
R4 R R4 

or a salt thereof, wherein 

I0146 each R" is, independently, branched or unbranched 
C. alkyl, C-7 cycloalkyl, or branched or unbranched C. 
cycloalkylalkyl, wherein R is optionally substituted with 
one or more fluorine radicals; 
0147 each Ris, independently, hydrogen or —CHCHC 
(=O)CR'; and 
0148 each R is, independently, Co. alkyl, wherein R 

is optionally substituted with one or more fluorine radicals. 
0149. As defined generally above, each R is, indepen 
dently, branched or unbranched C. alkyl, C-7 cycloalkyl, 
or branched or unbranched C2 cycloalkylalkyl, wherein 
R is optionally substituted with one or more fluorine 
radicals. In some embodiments, R is substituted with one or 
more fluorine radicals. For example, when R is methyl, it 
may be substituted with one, two, or three fluorine radicals 
to give —CHF, —CHF, or—CF. In other embodiments, 
R" is unsubstituted. In some embodiments, all R" groups are 
the same. In other embodiments, the R groups are different. 
In some embodiments, R is branched or unbranched C. 
alkyl. In certain embodiments, R is branched C, alkyl. In 
certain embodiments, R is unbranched C, alkyl. In certain 
embodiments, R is C, alkyl. In certain embodiments, R' 
is methyl, ethyl, or propyl. In certain embodiments, R is 
C., cycloalkyl. In certain embodiments, R is cyclohexyl. 
In certain embodiments, R is cyclopropyl, cyclobutyl, or 
cyclopentyl. In certain embodiments, R is cycloheptyl. In 
Some embodiments, R is branched or unbranched Ca 
cycloalkylalkyl. 
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0150. As defined generally above, each R is, indepen 
dently, hydrogen or —CHCHC(=O)CR. In some 
embodiments, at least one R group is —CH2CHC(=O) 
OR. In some embodiments, at least two R groups are 
—CHCHC(=O)CR. In some embodiments, at least 
three R groups are —CH2CHC(=O)CR”. In some 
embodiments, at least four R groups are —CH2CHC(=O) 
OR. In some embodiments, all R groups are —CH2CHC 
(—O)OR. 
I0151. As defined generally above, each R is, indepen 
dently, Cola alkyl, wherein R is optionally substituted 
with one or more fluorine radicals. In some embodiments, 
R’ is substituted with one or more fluorine radicals. For 
example, in some embodiments, R may be substituted with 
one fluoro, or in other embodiments, may be perfluorinated. 
In other embodiments, R is unsubstituted. In some embodi 
ments, all R groups are the same. In certain embodiments, 
R’ is Co alkyl. In some embodiments, R is n-decyl. In 
certain embodiments, R is C alkyl. In some embodiments, 
R’ is n-undecyl. In certain embodiments, R is C, alkyl. In 
some embodiments, R is n-dodecyl. In certain embodi 
ments, R is C alkyl. In some embodiments, R is n-tri 
decyl. In certain embodiments, R is C, alkyl. In some 
embodiments, R is n-tetradecyl. 
0152. In certain embodiments, a lipidoid of the present 
invention is of the formula: 

N N 

R1 r NR, 
R 

or a salt thereof, wherein R is as defined above and described 
herein. 

0153. In some embodiments, a lipidoid of the present 
invention is a compound resulting from a Michael addition 
between any one of the amines shown in FIG. 1 or FIG. 2 
and an acrylate shown in FIG.1. In certain embodiments, the 
number of equivalents of acrylate can be controlled to obtain 
the desired number of lipid tails on the inventive lipidoid. 
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0154) In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 113 with acrylate Oo, O, O, 
Os, or Oa to form compound 113Oo. 113O. 113O2, 
113O, or 113O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O. O O 'NCH, CH 

s 22 3 
cigar-r--stic 

O 
O O O 

Y(CH2)CH, 

HN N O 

~~~ N-r Y(CH3)CH, 
O 

O O 
Y(CH) CH, 

O 
O 
Y(CH) CH, 

O N NH 

HC(CH3)1 r- n1n ~ 2 
O 

H H 
O N N O 

HC(CH3)1 n^- ~~ ~y Y(CH2)CH, 
O 

H 
O N NH2, H,C(CH3)1 r- N-11--" 

O 

wherein Z is 11 or 12. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O 
HC(CH3)1 

O 
HC(CH2):1 

yr 

^- 

O O O 
Y(CH), CH, Y(CH), CH, 

O 
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0.155. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 123 with acrylate O, O, O, 
Os, or O to form compound 123Oo. 123O. 123O2, 
123Os, or 123O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
HC(CH2):1 

O N N 
HC(CH2):1 r- N-1 a 1N1 nu1 

O 

-(CH2)2CH3 
O 

O O 
HC(CH2):1 

r 
O N N 

HC(CH2):1 Sr- n-n-n- n-1 

O N 

HC(CH2):1 r- N-1 n1n-1 

N N O 

~~~ N- Y(CH), CH, O 

N N O 

~~~ N- N(CH3)2CHs. 
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-continued 

H 
O N N 

HC(CH2):1 ^- n-n-n- n1 
O 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
HC(CH2):1 

r 
O N N 

HC(CH2):1 -n- N-1N1 S-1 N-1 
O 

o1 (CH2)12CH3. 

0156. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 154 with acrylate Oo, O, O, 
Os, or O to form compound 154Oo. 154O, 154O2, 
154O, or 154O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O 
HC(CH2) O 

O 

YN O Nur 

HC(CH) 

N 

D. (CH2)CH3 O o1 

O 

HC(CH) YN N 
N O N 

2. (CH2)(CH3 
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-continued 

HN 
Naur 

N 

-(CH2)(CH3 O O 

O 
HC(CH2) O 

O HC(CH) 

NC ) ''' 
O N 

H 

O 
HC(CH) H 

NC ) ''' 
O N 

H 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O 1. 
H3C(CH2)11 O 

O 
/ 

H3C(CH2) N 
O Nur 

N 

(CH2)CH3. 
O o1 

0157. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 191 with acrylate Oo, O, O, 
Os, or O to form compound 191Oo. 191O, 191O. 
191O, or 191O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

Srra N 

O O 
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-continued 

Srra HN 

O 
N(CH2)CH, 

wherein Z is 10, 11, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

N 

O O 
HC(CH)11 Y(CH2)CH, 

Srra 

HC(CH3)1 Y(CH), CH, or 

N 

O O 

Srra N 

s' O 
O O 

HC(CH3)11 (CH2)3CH3. 

0158. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 192 with acrylate Oo, O, O, 
Os, or O to form compound 192Oo. 192O, 192O, 
192O, or 192O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

17 
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Sr. R 

O O 

O O 
HC(CH3)1 Y(CH), CH, 

OH 

Hš 

O 

O 
N(CH2)CH, 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

Sr. N 

O 

O 

O 

O 
HC(CH3)1 Y(CH) CHs. 

0159. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 193 with acrylate Oo, O, O, 
Os, or O to form compound 193Oo. 193O, 193O. 
193O, or 193O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

OH 

O 
HC(CH2) Y(CH), CH, 
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-continued 

N--> 
HN 

O 
N(CH2)CHs. 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
HC(CH)1 Y(CH2)CHs. 

0160. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 195 with acrylate O, O, O, 
Os, or O to form compound 195Oo. 195O, 195O. 
195O, or 195O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

HCHOn o1 (CH2)2CH3 

N-1N1 
i H 

i H 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

HCHC)is o1 (CH2)2CH3. 

N-1N 
OH 

s 

0.161. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 196 with acrylate Oo, O, O, 
Os, or O to form compound 196Oo. 196O, 196O. 
196O, or 196O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

t 

s 
HN 

S 
OH 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 

1. O 
N 

N 
OH 

0162. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 200 with acrylate O, O, O, 
Os, or O to form compound 200O, 200O, 200O. 
200O, or 200O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 
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-continued 
(CH2)3CH3 

O O 

O O 

strict 
O O 

HN HN 

n-rr n-rr 
N NH N--~~ N- N-1-1--" 

H 

(CH2)3CH O o1 23 3 
O O 

H,C(H.C):1 
HN 

2 n-rr 
N NH. N- N-1SN1)n- 

H 

In some embodiments, the present invention provides a 0163. In certain embodiments, an inventive lipidoid is 
composition of one or more of the above lipidoids. In certain prepared by reacting amine 205 with acrylate Oo, O, O, 
embodiments, an inventive lipidoid is of the formula: Os, or O to form compound 205Op. 205O, 205O. 

O 

O O 
H,C(H.C) 1 

O 

O N 

H,C(H.C) 1 ^- n-rr 
O N- N O N-1 n1n- N- Y(CH3)3CH, 

O 
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205O, or 205Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

N 

O r O s n- Y(CH3)3CH, 
O O 
Y(CH3)3CH, 

stolicit 

r 
N 

O NH 

O 
N(CH3)3CH, 

N 

O r O n-r Y(CH3)3CH, 
O O 

silicit 

r 
HN 

r 
N O 

N-r N(CH3)3CHs. 
O 

HN 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

st 13CH3 
O O 

N 

O N O 

N- Y(CH3)3CH3. 
O O 

0164. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 217 with acrylate Oo, O, O, 
Os, or O to form compound 217O 217O, 217O. 
217O, or 217Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O. O HC(CH2):1 t Y(CH2)CH 

ice-r-‘rr-scien, O 

D. O O1 (CH2)CH3 O 

O O 

O N N O HCCH-1 arry n1"SCHCH, 
O O 

O O HC(CH2):1 t 
H 

O N N O HCCH-1 r N1'NCHCH 
O O 

2. (CH2)CH3 

O O HC(CH2):1 t 
H 

O N N O HCCH-1 Srry N1-SCHCH, 
O O 

O O 

O O 
Y(CH2)CH 

r 
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O -entinued 
H,C(CH3)1 

O N NH2 

H3C(CH2);1. r- r 
O 

O O 

O NH 2 

H,C(CH3)1 Sr- r 
O 

HN NH2 

r r 
(CH2)CH3, 

O o1 

wherein Z is 11 or 12. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
HC(CH3)1 

-(CH3)11CH3 O 

O O 
HC(CH2):1 
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0.165. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 218 with acrylate O, O, O, 
Os, or O to form compound 218O, 218O, 218O2. 
218O, or 218O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

r 
so 2. 

(CH2)2CH3 (CH2)2CH3 

N1-S-1a1a-1a1 

l' " 
O O 

O 
Y(CH), CH, 

O 

O N N O 

HC(CH3)1 ^- r n-r N(CH2)CH, O 
O 

O 

O N N O 

HC(CH2):1 r- r N- N(CH3)2CHs. 
O 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

N1S-1a1a-1a1 

0166 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 232 with acrylate O, O, O, 
Os, or O to form compound 232Oo. 232O, 232O, 
232O, or 232O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

C.) 

C-3 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

C 3 
0167. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 235 with acrylate Oo, O, O, 
Os, or O to form compound 235Oo. 235O, 235O. 
235O, or 235Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 

HC(H.C) 1 t 
O lu? HC(H.C) 1 ^- N. 

O 

0.168. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 302 with acrylate Oo, O, O, 
Os, or O to form compound 302O 302O, 302O, 
302O, or 302O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O O O HC(CH3)1 t Y(CH2)CH, 
O N N HC(CH3)1 N-n- nu-1N1 r 

O 

-O O 
HC(CH2) 

O N H,C(CH3)1 r- nu1N1 r 
O 

O O O O H,C(CH3)1 t r Y(CH2)CH, 
N 
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-continued 
O O 

N 
H H 

O N N s H,C(CH3)1 r- N-1N1 r 
O 

wherein Z is 12 or 13. 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 

HC(C t 
O O 

H)11 Y(CH3)2CH, 

O N N 
H3C(CH2) 1 n^- n1N1 r 

O 

O O 

HC(C t 
O O 

H2):1 Y(CH3)3CH3. 

O N N H,C(CH3)11 Yn- nu-1N1 r 
O 

O 

0169. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 303 with acrylate Oo, O, O, 
Os, or O to form compound 303Op. 303O, 303O. 
303O, or 303Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

strict, 
O O O O 

Y(CH2)CH, 

N N N 

O 

O 
N(CH2)CH, 

Jun. 1, 2017 

-continued 
(CH2)(CH3 

O 

H 

c O 

Y(CH), CH, 
(CH2)11CH3 

O O O O 
N(CH.) 11CH3 

HN N N nu-1N1 nu-1N1 N 
O O 

Y(CH), CH, 

N-1N-N-1N-N 
(CH2)CH3 

O 

N 

O 

----- 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

(CH2)(CH3 

O O O O 
Y(CH), CH, 

N-1S-N-1a-N 
O 

O 
N(CH2)CH, 

0170 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 304 with acrylate Oo, O, O, 
Os, or O to form compound 304Oo. 304O, 304O. 
304O, or 304O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 
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O 

(CH2)CH N ~s- 2 - 13 

N N1)n- N-1 n1 

2. 2. (CH2)CH O O o1 2 - 13 

(CH2)CH3 

YNH 

N N1\- N-1N1 

(CH2)CH 2. 2. 2 3 
(CH2)CH3 

N s 

N1\- n-n- 

or 
(CH2)CH3 

wherein Z is 11 or 12. 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O 

(CH2)CH 

-- 2)-13 
N1-S-N-1- 

O 

O 

1. 

(CH2)CH3 o1 O O 

(CH2)CH3 

Jun. 1, 2017 
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-continued 
O 

(CH2)2CH3. 

r 212-13 
N1-S-N-1a 

O 

1 

(CH2)2CH3 o1 O O 

0171 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 305 with acrylate Oo, O, O, 
Os, or O to form compound 305Oo. 305O, 305O. 
305O, or 305Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O 
Y(CH2)CH, 

O 

(CH2)CH3 ~~ 2 

O 
2.-(CH2)-CH3 

Y(CH) CH, 

O 

HN -l. ~. (CH2)CH3 N o1 

- O N 

H,C(CH3)1 -n- 
O 

-(CH, CH, O 
O 

in-l ~1. (CH2)CH3 N o1 
H 

O O 

O 

HC(CH3)1 r- NH2, 
O 

wherein Z is 9, 10, 11, 12, or 13. 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

- 
O 

O 

(CH2)9CH3, ~~ 

O O 

O 

O ul ~us -(CH2)10CH3. HC(CH3)11 N^- O 

O 

O N 

H,C(CH2)61 N-n- 

O O 

O 

N 

D. (CH2)10CH3 o21-o1 
O 

Y(CH2)(CH3 

O 

O ul ~us (CH2)CH3, HC(CH3)1 N-n- N O1 
O 

(CH2)CH3 

O O 

27 
Jun. 1, 2017 

-continued 
O 

O 

O ul ~us CH2)2CH3, or HC(CH2)11 Yn- N o1 2)2CH3 
O 

2. CH3)3CH O o1 2)2CH3 

O O 
Y(CH3)3C 

O 

O ul ~us (CH2)3CH3. HC(CH2):1 N^- N -(-213 is 
O 

0172 
prepared by reacting amine 306 with acrylate O, O, O, 
Os, or O to form compound 306Oo. 306O, 306O. 
306O, or 306O. In certain embodiments, an inventive 

In certain embodiments, an inventive lipidoid is 

lipidoid is of one of the formulae below: 

(CH2)CH3 

O O 

(CH2)CH3 

O N N N O 

H3C (H.C) 1 r- n-1N1 nu-1N1 N 
O O 

stch slicit 
O O O O O O 

Y(CH2)CH, 

stoch slicit 
"N-N-N- "N-N-N- 

O O 

stch stch 
O O O O O O 

Y(CH2)CH, 

N-1-N-N-1-N-N H2N-1-N-N-1-N-N 
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-continued 
O O 

Y(CH) CH, 

N-1\- N-1N- NH2, 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O O 
Y(CH2)CH, 

O N-1a-N-1- O H3C(HC).1. r- N 
O O 

(CH2)10CH3 

O O O 

O N N N O 

H,C(H.C) 1 r- n1N1 in 1\-1 n 
O O 

O O O 
n (CH2)CH3 

O N N N O H,C(H.C) 1 r- n-1N1 n-1N1 n 
O O 

O O O 
N(CH3)2CH, 

O N N N O H,C(H.C):1 -n- n-1N1 n-1N1 N 
O O 

(CH2)CH3, 

Jun. 1, 2017 
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-continued 

stoch 
O O O O 

N(CH3)3CH, 

trict. 
O N-1Nu-N-1 nu-N O HC(H.C) 1 ^- n-r 

O O 

0173. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 313 with acrylate Oo, O, O, 
Os, or O to form compound 313Oo. 313O, 313O2, 
313O, or 313Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
HC(H.C) 1 

O N Null H3C (H.C) 1 r- n-1N1 
O 

O 

O 

(CH2)CH 

~~~~ 2}zv-l 

O 

O 

~~~~t H - O N N 

HC(H.C) 1 r- n-1N1 
O 

O O 

(CH2)CH3 
O 

(CH2)CH 

~~~~ 2}z-fl3 

-- 
or 

(CH2)CH3 
O O 

H,C(H.C) 1 O 
(CH2)CH 

~~~~ 2) - 13 
HN N nu1N1 

O 

"N--- 
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-continued 

NS-1-N-N 

O O 
HC(H.C) 1 

wherein Z is 9, 10, 11, or 12. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O N N HC (H.C) 1 r- n-1N1 
O 

O N N N-1N1 H,C(H.C) 1 r 
O 

O 

(CH2)3CH3, 

~~~~ 2}98-13 

2. 
O O 

H,C(H.C) 1 O 
(CH2)(CH3, 

cro- 2) OV-13 2. 
O O 

H,C(H.C) 1 

O N Nu H,C(H.C) 1 r- N-1N1 
O 

O O 
H,C(H.C) 1 

O N N 

H,C(H.C):1 Sr- nu-1N1 
O 

0.174. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 315 with acrylate Oo, O, O, 
Os, or O to form compound 315O 315O, 315O. 
315O, or 315Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

cri 
O 

(CH2)(CH3 

O 

(CH2)CH3, or ~~~~ 
2. 

O 

~us -(CH2)2CH3. O 

Jun. 1, 2017 
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In some embodiments, the present invention provides a -continued 
composition of one or more of the above lipidoids. In certain -One'O On-ON 
embodiments, an inventive lipidoid is of the formula: H3C(HC), t (CH2)CH3 

H3C(H2C) RuOut ON 
\ N1"Scisch, 
O O 

O O 
Y(CH) CH, 

O 

O N 
A HN N On 

H3C(H2C). N- (CH2)CH3 
H3C(H2C) --> O 3 2-1 

No N 

O O 

O O O uo. H,C(HC).1 Yn 
O 

(CH2)CH3. 

0.175. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 347 with acrylate Oo, O, O, 
Os, or O to form compound 347O 347O, 347O. 
347O, or 347O. In certain embodiments, an inventive H 
lipidoid is of one of the formulae below: HN N O 

n-r Y(CH) CH, 
O 

O O O O 
H3C(H2C)1 N(CH2)CH3 

wherein Z is 11 or 13. 

N N-n 
O 

O 
HC(HC)1 N(CH2)CH In some embodiments, the present invention provides a 

O composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O O 
1. (CH2)11CH3 

O 

N N 

N-r N(CH.) 11CH3 
O O 

O O O O 

HC(H.C) 1 t Y(CH3)3CH, 

lulu O O 

N- Y(CH3)3CH3. HC(H.C) 1 
O O 

On 

O O 
HC(H.C) 1 
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0176). In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 366 with acrylate O, O, O, 
Os, or O to form compound 366Oo. 366O, 366O2, 
366O, or 366O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 

H,C(H.C) 1 t Y(CH) CH, 
N N 

CO 
HCH.C.S. c 2.-(CH2).CH3 

r 
CO 

HCH.C.S. c 2.-(CH2).CH3 
H,C(H.C) 1 r r 

N N 

N 
I 

N 
D 

H 
N 

D 
2. (CH2)CH O O1. 2 3 

I 
N 

N 
H 

Jun. 1, 2017 

-continued 
O O 

HC(H.C) 1 

H 

CC) 
N N 
H H 

wherein Z is 10 or 11. 

In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

n 
O 

H,C(H.C) 1 (CH2)(CH3 r 
N N 

N N 

H3C(H2C)10 N c 2. 
O O O O 

t (CH2)(CH3 

CC) 
N N 

H3C(H2C) c 2. (CH2)CH3. 3 2 "No O O o1 2 3 

0177. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 371 with acrylate O, O, O, 
Os, or O to form compound 371Oo. 371O, 371O. 
371O, or 371 Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 
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In some embodiments, the present invention provides a 
(CH2)3CH3 composition of one or more of the above lipidoids. In certain 

O embodiments, an inventive lipidoid is of the formula: 

O N O 

H,C(H.C) 1 r- D O O 
O 

O 

s". 13CH3 
O O O N O 

H,C(H.C) 1 -n- 
O 

O 

HN O 

0178. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 500 with acrylate Oo, O, O, 
Os, or O to form compound 500O 500O, 500O. 
500O, or 500O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH2)CH, 

O 

H3C(H2C), --> N N O stria in 1)N-1 n-1\1\-1 N- Y(CH2)CH, 
O 

H3C(CH2), N. O 

O O 
Y(CH2)CH, 

N N O 

N1N1 ~~~ N- Y(CH2)CH, 
O 

H3C(CH2). N O 

O 

teles--~~~~ 

HCCH). 
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-continued 
O O 

1n-N-1a1a-N" 

HC(CH2), 
No O 

O 

HCH.C.S.---, 1N-N-1a 1n-NH2. 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
Y(CH3)3CH, 

O 

HC(H2C) --> N N O 3 2 No 1N1 N-1N1-1 n-r Y(CH3)6CH, 
O 

H3C(HC). No 

O O 
n (CH2)10CH3 

O 

HC(HC --> N N O 3C(H2 ion 1S-1N-1N1\-1 n-r N(CH3)6CH, 
O 

O O 
Y(CH), CH, 

O 

HC(H2C) --> N N O 3 2 No 1N1 N-1 n1n-1 N- N(CH2)CH, 
O 

HCHC) in 
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-continued 
O O 

Y(CH.) 12CH3 

O 

HC(H2C) --> N N O stralian 1N1 n-1\1\-1 N-r N(CH3)2CH, or 
O 

HCH-Clin 
O O 

n (CH2)3CH3 

O 

HC(H2C) --> N N O 3 2 in 1N1 N-1N1\-1 N-r N(CH3)3CH3. 
O 

0179. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 501 with acrylate O, O, O, 
Os, or O to form compound 501Oo. 501O, 501O. 
501O, or 501O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

O r 
H3C(HC), --> N N O 3V-Ll2 No 1N1 N-11a- n- Y(CH2)CH, 

- O 
H3C(CH2), N. O 

O O 
N(CH2)CH, 

r 
N N O 

HN1 N1 N-1 n1n-1 N-r Y(CH) CH, 
O - 

HC(CH2), 
No O 

O r less--~~~~ 

H3C(CH2), N. O 

Jun. 1, 2017 
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-continued 
O O 

r 
1n-N-1a1a-N" 

- 
HC(CH2), 

No O 

O r 
HCH.C.S.---, 1N-N-1a 1-N-NH2. 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
Y(CH3)3CH, 

O r 
N N H3C(H2C).9 --~~ N-11N1 O 

n-r Y(CH3)6CH, 
- O 

O O 
Y(CH2)CH, 

O r 
N N less--~~ N-1N1\-1 O 

N- N(CH2)6CH, 
- O 

O O 
Y(CH), CH, 

O r less--~~~~ O 

N- N(CH2)CH, 
- O 

H3C(H2C) in O 
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-continued 
O O 

Y(CH.) 12CH3 

O r ision--> N N O 1n-in-1\1\- n-r N(CH3)2CH, or 
- O 

O O 
Y(CH3)3CH, 

O r 
HC(H2C) in--> N N O 1N1 n-1\1\-1 n-r N(CH3)3CHs. 

O - 

0180. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 502 with acrylate Oo, O, O, 
Os, or O to form compound 502O, 502O, 502O, 
502O, or 502O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O 

O N 

O r^- N- Y(CH) CH, 
H3C(HC), --> Nu O No N 

(CH2)CH3 
O o1 

O 

O r^- n- Y(CH2)CH, 
H3C(HC), --> su O No N 

(CH2)CH3 
O o1 

O 
Y(CH) CH, 1N1 > -O --> HC(H2C) 

2 No N 
H 
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-continued H 
NH N O 

O r^- 2 r^- N- N(CH2)CH, 
H3C(HC), --> Nu Nu O stra in N HN1\1 

(CH2)CH3 
O o1 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
Y(CH2)CH, 

N O 

O r 1N1 N- N(CH2)CH, 
--> - O 

O O 
N(CH2)CH, 

N O 

r^- n-r Y(CH2)CH, 
O ---, 1n-N - 

O O 
N (CH2)CH3 

N O 

O r^- N- N(CH2)CH, 
--> - O 1 

-(CH2)(CH3 
O 
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O O 
N(CH3)2CH, 

N O 

O r^- N-r Y(CH3)2CH, O teles--~~ - 

-continued 

N O 

O O 
N(CH3)3CH, 

N O 

O r^- N- Y(CH3)3CHs. 
teles.--> ~ N O 1N1 

0181. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 503 with acrylate O, O, O, 
Os, or O to form compound 503Oo. 503O, 503O. 
503O, or 503O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 

less--~~~~~-s-to 

-(CH2CH -(CH-CH O 

O 

N N ~us (CH2)CH 1N1,N1\-1 n-1N -trigers 

O 

-(CH-CH -(CH2CH 
O 

-------~~~ (CH2)CH3 

CH2)CH 1. 22 3 
O 

Jun. 1, 2017 
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-continued 

H3C(HC), s--~~--~~~~ o1 (CH2)CH3 
H H 

O 

N N less--~~ N-1\-1N1\s, 
H s 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

less--~~~~~~ (CH2)3CH3, 

O o1 (CH2)3CH3 O 
O O 

telen--~~~~~-s-tu" 

O 
O O 

tells------------the 
O 

(CH2)(CH3, (CH2)(CH3 
O o1 O o1 

O O 

less--~~~~~-s-test 

tells------------the 
(CH2)3CH3 (CH2)3CH3 

O o1 O o1 

O 

Jun. 1, 2017 
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0182. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 504 with acrylate Oo, O, O, 
Os, or O to form compound 504Oo. 504O1, 504O2, 
504O, or 504O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH2)CH, 

O 

HC(H2C) -N- N O 3 2 No 1N1 N-1N1\- Y(CH2)CH, 

N- O 
H3C(HC), c 3 2 No O 

O O 
Y(CH2)CH, 

1-N-N-1N 1n-N On HN N (CH2)CH3 

H3C(H2C), 
No O 

O 

HCH.C.S. ---, 1\-N-1a 1-N-NH2 

H3C(H2C), c 3 2 No O 

1N-N-1N1\-N" 

H3C(H2C), c 3 2 No O 

O 

HC(HC N NH2, eles--~~ N-1\1\- 2 
H 

N 

O O 
Y(CH2)CH, 

wherein Z is 9, 10, 11, 12, or 13. 
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0183 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 505 with acrylate Oo, O, O, 
Os, or O to form compound 505O1, 505O1, 505O. 
505O, or 505Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

O 

H3C(H2C), No --> N N O 

1\-1 ~~~ n-r Y(CH2)CH, 
O 

O 
O O 

N N O 

HN1N1 ~~~ N- Y(CH2)CH, 
O 

H3C(H2C), N. O 

H3C(H2C), N. O 

O 

N NH less--~~ N-1a1a- ". 

H3C(H2C), 
No O 

O O 

N NH 
HN 1N1 ''n 1Y N 1N1 

H3C(H2C), 
No O 

O 

N NH teles--~~ N-1a1n-" 
H 

wherein Z is 9, 10, 11, 12, or 13. 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
Y(CH, CH, 

O 

H3C(H2C) --> N N O 3 2 "No 1N1 N-1 n1n- n-r Y(CH2)CH, 
O 

H3C(H2C) 
3 2 "No O 

O O 
N(CH2)CH, 

O 

H3C(H2C)10 S.--> N N O 

1N1 ~~~ N- N(CH2)6CH, 
O 

O 

O O 
Y(CH), CH, 

O 

iction--> N N O 

1N1 ~~~ N- N(CH2)CH, 
O 

HCHC) in O 

O O 
Y(CH.) 12CH3 

O 

teles.--> N N O 

1N1 ~~~ N- N(CH3)2CH, 
O 

HCH.C)an O 

O O 
n (CH2)3CH3 

O 

teles.--> N N O 

1N1 ~~~ N- N(CH3)3CHs. 
O 

HCHC) in 

O 

Jun. 1, 2017 
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0184. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 506 with acrylate Oo, O, O, 
Os, or O to form compound 506O1, 506O1, 506O. 
506O, or 506O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

O 

H3C(HC), --> N N O 3V-Ll2 No 1N1 N-1N1\-1 Y(CH) CH, 

c ~ O H3C(HC), 
3 2 No O 

O O 
Y(CH3)CH, 

1n-N-1a1n-N On HN N (CH2)CH3 

c r- O H3C(H2C), 
3 2 No O 

O 

less--~~~~. 
H3C(HC), c ~ 

3 2 No O 

O O 
Y(CH2)CH, 

1S-N-11N-N" 

H3C(HC), No ~ 
O 

O 

HC(HC --> NH 3C(H2 no 1N1 N-1N1 S-1 22 
H 

N-- 
wherein Z is 9, 10, 11, 12, or 13. 
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0185. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 507 with acrylate Oo, O, O, 
Os, or O to form compound 507Oo. 507O, 507O. 
507O, or 507Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

O r 
H3C(HC), --> N N O 3 2 No 1N1 N-1N1\-1 N- Y(CH) CH, 

O 

H3C(H2C), N. O 

O O 
Y(CH3)CH, 

r 
N N O 

HN1,N1 ~~~ N-r Y(CH2)CH, 
O 

H3C(H2C), 
No O 

O r less--~~~~. 
H3C(H2C), 

No O 

O O 
Y(CH2)CH, 

N NH 
HN 1N1 N1)a N 1N1 

H3C(HC), 
No O 

O r less--~~~~. 
H 

wherein Z is 9, 10, 11, 12, or 13. 
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0186. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 508 with acrylate Oo, O, O, 
Os, or O to form compound 508O 508O, 508O, 
508O, or 508O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

) 1 
HCH.C.S.---, 1S-N-1 ns 1n-N-1- ~s -(CH2).CH3 

(CH2)CH3 (CH2)CH3 
O o1 O o1 2 

) C N1N1 r N-1\ O-(CH2)CH3 

-(CH, CH, -(CH2CH 

C-l HN1,N1 --- N-1N -(CHCH 

-(CH, CH, 
O N r O teles--~~~~~~-s-tail 

H N H 

N r O 
N N CH2)CH3, 

HN1\1 -- N----- 2) 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O N r O 
teles--~~~~~~~ (CH2)3CH3, 
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-continued 

) 1 
less--~~~~~~~ (CH2)10CH3, 

) 1 a tells--~~~~~~-s-tu" 

-(CH2)(CH3 -(CH3)11CH3 O O 

( ) 1 less--~~~ N-s-s-s-trict 
(CH2)2CH3 

O o1 

) 1 tells--~~~~~~-s-tu" 

O O 

0187. In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 509 with acrylate Oo, O, O, 
Os, or O to form compound 509Co. 509C), 509C), 
509O. or 509C). In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

O 

H3C(HC), --> N N O 3 2 No 1N1 N-1N1\-1 N- Y(CH) CH, 
O 

HCH.C.S. 

Jun 

O 

1, 2017 
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-continued 

1n-N-1 n1n- O 

c r O H3C(HC), 
3 2 No O 

O 

less--~~~~. 
H3C(H2C), c r No O 

O O 

Y(CH) CH, 

1N-N-1a1n-N" 

H3C(HC), c 3 2 No O 

O 

N NH teles--~~ N-1a1a- ". 
H 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
Y(CH, CH, 

O 

H3C(HC)o S.--> N N O 1N1 N-1N1-1 n- N(CH2)CH, 
O 

HC(H2C) c r 3 2 No O 
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-continued 

Y(CH2)CH, 

1n 1N n-1\, 1n 1N - 
n (CH2)CH3 

O 

HC(H2C) --> N N O sing in 1N1,N1\1\-1 N- N(CH2)CH, 
O 

HCH-C)in c r 
O O l? N(CH3)2CH, 

O ---, 1n-N N-1 n 1a-N - c 
O --> 1N1N n-1N 11N > r HCHC) in 

0188 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 510 with acrylate Oo, O, O, 
Os, or O to form compound 510O. 510O, 510O. 
510O. or 510O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

O -- 
H3C(HC), --> N N O 3V-Ll2 No 1N1 N-1N1 S-1 n-r Y(CH) CH, 

O 

HCH.C.S. 

O 

Jun. 1, 2017 
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-continued 
O O 

Y(CH3)CH, 

N N O HN1,N1 N-1N1)- N- Y(CH2)CH, 
O 

H3C(H2C), c O 3 2 No O 

O -n- less--~~~~. 

H3C(HC), c C 3 2 No O 

O O 
n (CH2)CH3 

1N-N-1N1--" 

H C(H C) c O 3- 12-12 N. 

-- 
N NH teles--~~ N-1-1--": 

H 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
Y(CH, CH, 

O -n- 
H3C(H2C) --> N N O 3-12 "No 1N1 N-1 n1n- N-r N(CH2)CH, 

O 
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-continued 
O O 

--- CC N O 1N1 N- N(CH2)6CH, 
O 

O O 
Y(CH2)CH, 

O 

teles--> N N O 1N1,N-1\1\-1 N- N(CH2)CH, 
O 

H3C(HC) 
No O 

O O 
Y(CH3)2CH, 

O 

tells--~~~~ O 

O O 
n (CH2)3CH3 

O -n- ision--> N N O 1N1,N-1a1n- n- N(CH3)3CHs. 
O 

H3C(H2C) c C 3 2 in O 

0189 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 511 with acrylate Oo, O, O, 
Os, or Oa to form compound 511 Oo. 511O, 511 O2, 
511O, or 511O. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

N(CH3)2CH, or 
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O O 
N(CH2)CH, 

O 

H3C(H2C), --> N N O 3-12 No 1N1 N-11N1 n-r Y(CH) CH, 
-N O 

O O 
Y(CH2)CH, 

N N O 1N1 n-1\1\-1 N- Y(CH) CH, 
O 

O 
O 

HC(HC --> NH sCH-C-N, 1a- N-1a1n-" 
-N 

HCH3C-N-s, 
O O 

Y(CH3)CH, 

N NH 
HN 1N1 N1)a N 1N1 

H3C(H2C), 
No O 

O 

H3C(HC), N NH2, tes--~~ N-1SN1)n- 2 
H 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: O O 

Y(CH, CH, 

O 

H3C(H2C) --> N N O 3-12 No 1N1 N-1 n1n- n- Y(CH2)CH, 
-N O 
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-continued 

N > O 
N N CH2)CH N1,N1 nu1N1 nu-1N o1 2)CH3 

(CH2)CH (CH2)CH 
O o1 2 3 O o1 2 3 

r r O 
N N CH2)CH HN1\1 nu1N1 N-1N o1 2) CH3 

(CH2)CH 
O o1 2 3 

O r r 
H3C(H2C), N. --> 1N-N-1N-N-1N -(CH2)-CH3 O N N O 

H H 

O r r teles--~~~--> H s 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O r r O 
less--~~~~ -(CH2CH, 

O r r O less--~~~~~-s-tier" 

O 

O r r O 
telen--~~~~ -(CHICHs. 

-(CH2)(CH3 -(CH2)(CH3 O O 
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-continued 

O r r O 
telen--~~~~~-s-tu" O 

O O 

----- O 

0191 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 513 with acrylate Oo, O, O, 
Os, or O to form compound 513O, 513O, 513.O. 
513O, or 513Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 

N O ? n- Y(CH2)CH, 
O NN 

O r Y(CH2)CH, 
O N N N O 

H,C(H.C)1 r- ~~~ ~~~ 
O 

O 
Y(CH2)CH, 

O O 
HC(H.C) 1 

N 

NH 

O 

r Y(CH) CH, 
O N N N O 

HC(H.C) 1 r- N-1N1)n-1 N-1N1 S-1 
O 
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-continued 
NH2 

O O ? H,C(H.C) 1 NN 

-O N-1a 1n-N-1a 1-N-NH2 H3C(H2C); r 
O 

r NN 

O N H,C(H.C)1 -n- N-1 n1n-1 N-1N1\-1 
O O 

O 
Y(CH2)CH, 

N 

H 
O N N NH2, 

HC(H.C) 1 r- ~~~ ~~~ 2 
O 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 

N O ? N- Y(CH2)CH, 
O NN 

O r Y(CHCH, 
O N N N O H,C(H.C)1 r- N-1SN1\-N-1N1)n- 

O O 
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-continued 
O 

HC(H.C) 1 

O O 

N O ? N- N(CH3)3CH, 
O NN 

O r N(CH3)3CH, 
O N N N O HC(H.C) 1 r- N-1a1n-in-1\1\- 

O O 

HC(H.C) 1 

O 
n (CH2)3CH3 

0.192 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 514 with acrylate O, O, O, 
Os, or O to form compound 514Oo, 514O, 514O2, 
514O, or 514O4. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

O O 
Y(CH) CH, 

N O 

O r N 1N1 N- Y(CH2)CH, 
teles--> - O 

-(CH2CH, 

-- > 
O 
Y(CH) CH, O r teles--~~~ 

-(CH, CH, 
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-continued 
O O O O 

Y(CH) CH, Y(CH) CH, 

N O N O 

r^- n-r Y(CH2)CH, r^- N- Y(CH) CH, 
N- O - HN1 N1 N O 

HN 1N1 

O 

n-r Y(CH2)CH, 
O 1N-N C 1n-NH2 N1\-1 O 

~- 

o1 (CH2)CH3 
O 

NH 

O r^- 2 teles---- 
H 

H 
N O 

r^- N-r Y(CH2)CH, 
O N 

HN 1N1 

wherein Z is 9, 10, 11, 12, or 13. 
In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 

N O 

O r 1N1 N- N(CH2)CH, 
--> - O 
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0193 In certain embodiments, an inventive lipidoid is 
prepared by reacting amine 515 with acrylate O, O, O, 
Os, or O to form compound 515O, 515O, 515O. 
515O, or 515Oa. In certain embodiments, an inventive 
lipidoid is of one of the formulae below: 

Y(CH) CH, 

--> r 1N-N n n CH) CH3 

HCH.C.S. 

(CH2)CH3 
O o1 

O r^- n- N(CH2)CH, 
H3C(HC), N O 3C(H2C) --~~ 

(CH2)CH3 
O o1 

H 
N O 

O r^- 
HCH.C.S.--> ~. O H 

NH 

O r^- 2 teles--~~ 
CH2)CH 1. 2: 3 

O 

H 
N O 

r^- N- Y(CH2)CH, 
O N 

HN 1N1 

wherein Z is 9, 10, 11, 12, or 13. 

Jun. 1, 2017 
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In some embodiments, the present invention provides a 
composition of one or more of the above lipidoids. In certain 
embodiments, an inventive lipidoid is of the formula: 

O O 
N(CH3)3CH, 

N O 

O r^- N- N(CH2)CH, teles--> N O 1N1 

O O 
N(CH2)CH, 

N O 

N- N(CH.) 10CH3, 
O 

O O 
Y(CH), CH, 

N O 

n- Y(CH), CH, 
O 

C) 
O 

Y n Y aO 1N-1 r 
1N1 

1 In O --> N -C 1N1 

O O 
N(CH3)2CH, 

N O 

O r^- N- Y(CH3)2CH, 
--> O 

O 

Jun. 1, 2017 
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Synthesis of Lipids 

0194 Lipidoids described herein may be prepared by any 
method known in the art. In certain embodiments, inventive 
lipidoids are prepared via the conjugate addition of primary 
or secondary amines to acrylates. Such syntheses are 
described in detail in U.S. Publication No. 2011/0009641, 
incorporated herein by reference. In certain embodiments, 
inventive lipidoids are prepared from commercially avail 
able starting materials, such acrylates and amines. In other 
embodiments, inventive lipidoids are prepared from easily 
and/or inexpensively prepared starting materials. As would 
be appreciated by one of skill in the art, the lipidoids 
described herein can be prepared by total synthesis starting 
from commercially available starting materials. A particular 
lipidoid may be the desired final product of the synthesis, or 
a mixture of lipidoids may be the desired final product. 

Polynucleotide Complexes 

0.195 The ability of cationic compounds to interact with 
negatively charged polynucleotides through electrostatic 
interactions is well known. Cationic lipids such as Lipo 
fectamine have been prepared and studied for their ability to 
complex and transfect polynucleotides. The interaction of 
the lipid with the polynucleotide is thought to at least 
partially prevent the degradation of the polynucleotide. By 
neutralizing the charge on the backbone of the polynucle 
otide, the neutral or slightly-positively-charged complex is 
also able to more easily pass through the hydrophobic 
membranes (e.g., cytoplasmic, lysosomal, endosomal, 
nuclear) of the cell. In certain embodiments, the complex is 
slightly positively charged. In certain embodiments, the 
complex has a positive-potential. In certain embodiments, 
the -potential is between +1 and +30. 
0196. In certain embodiments, lipidoids of the present 
invention possess tertiary amines. Although these amines are 
hindered, they are available to interact with a polynucleotide 
(e.g., DNA, RNA, synthetic analogs of DNA and/or RNA, 
DNA/RNA hydrids, etc.). In certain embodiments, poly 
nucleotides or derivatives thereof are contacted with the 
inventive lipidoids under conditions suitable to form poly 
nucleotide/lipidoid complexes. In certain embodiments, the 
lipidoid is at least partially protonated so as to form a 
complex with the negatively charged polynucleotide. In 
certain embodiments, the polynucleotide/lipidoid complexes 
form nanoparticles that are useful in the delivery of poly 
nucleotides to cells. In certain embodiments, multiple lipi 

68 
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O 
N(CH3)3CH, 

N O 

r^- N-r Y(CH3)3CH3. 
O 

doid molecules may be associated with a polynucleotide 
molecule. The complex may include 1-100 lipidoid mol 
ecules, 1-1000 lipidoid molecules, 10-1000 lipidoid mol 
ecules, or 100-10,000 lipidoid molecules. In certain embodi 
ments, the complex may form a nanoparticle. In certain 
embodiments, the diameter of the nanoparticles ranges from 
10-500 nm, from 10-1200 nm, or from 50-150 nm. In certain 
embodiments, nanoparticles may be associated with a tar 
geting agent as described below. 

Polynucleotide 

0.197 A polynucleotide to be complexed, encapsulated by 
the inventive lipidoids, or included in a composition with the 
inventive lipidoids may be any nucleic acid including but 
not limited to RNA and DNA. In certain embodiments, the 
polynucleotide is DNA. In other embodiments, the poly 
nucleotide is RNA. In certain embodiments, the polynucle 
otide is an siRNA. In certain embodiments, the polynucle 
otide is an shRNA. In certain embodiments, the 
polynucleotide is an mRNA. In certain embodiments, the 
polynucleotide is a dsRNA. In certain embodiments, the 
polynucleotide is an miRNA. In certain embodiments, the 
polynucleotide is an antisense RNA. The polynucleotides 
may be of any size or sequence, and they may be single- or 
double-stranded. In certain embodiments, the polynucle 
otide is greater than 100 base pairs long. In certain other 
embodiments, the polynucleotide is greater than 1000 base 
pairs long and may be greater than 10,000 base pairs long. 
In certain embodiments, the polynucleotide is purified and 
Substantially pure. In certain embodiments, the polynucle 
otide is greater than 50% pure, greater than 75% pure, or 
greater than 95% pure. The polynucleotide may be provided 
by any means known in the art. In certain preferred embodi 
ments, the polynucleotide has been engineered using recom 
binant techniques (for a more detailed description of these 
techniques, please see Ausubel et al. Current Protocols in 
Molecular Biology (John Wiley & Sons, Inc., New York, 
1999); Molecular Cloning: A Laboratory Manual, 2nd Ed., 
ed. by Sambrook, Fritsch, and Maniatis (Cold Spring Harbor 
Laboratory Press: 1989); each of which is incorporated 
herein by reference). The polynucleotide may also be 
obtained from natural sources and purified from contami 
nating components found normally in nature. The poly 
nucleotide may also be chemically synthesized in a labora 
tory. In certain embodiments, the polynucleotide is 
synthesized using standard Solid phase chemistry. 
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0198 The polynucleotide may be modified by chemical 
or biological means. In certain embodiments, these modifi 
cations lead to increased stability of the polynucleotide. 
Modifications include methylation, phosphorylation, end 
capping, etc. 
0199 Derivatives of polynucleotides may also be used in 
the present invention. These derivatives include modifica 
tions in the bases, Sugars, and/or phosphate linkages of the 
polynucleotide. Modified bases include, but are not limited 
to, those found in the following nucleoside analogs: 
2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-py 
rimidine, 3-methyl adenosine, 5-methylcytidine, C5-bro 
mouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl 
uridine, C5-propynyl-cytidine, C5-methylcytidine, 
7-deaZaadenosine, 7-deazaguanosine, 8-oxoadenosine, 
8-oxoguanosine, O(6)-methylguanine, and 2-thiocytidine. 
Modified sugars include, but are not limited to. 2'-fluorori 
bose, ribose, 2'-deoxyribose, 3'-azido-2',3'-dideoxyribose, 
2',3'-dideoxyribose, arabinose (the 2-epimer of ribose), acy 
clic Sugars, and hexoses. The nucleosides may be strung 
together by linkages other than the phosphodiester linkage 
found in naturally occurring DNA and RNA. Modified 
linkages include, but are not limited to, phosphorothioate 
and 5'-N-phosphoramidite linkages. Combinations of the 
various modifications may be used in a single polynucle 
otide. These modified polynucleotides may be provided by 
any means known in the art; however, as will be appreciated 
by those of skill in this art, the modified polynucleotides are 
preferably prepared using synthetic chemistry in vitro. The 
polynucleotides to be delivered may be in any form. For 
example, the polynucleotide may be a circular plasmid, a 
linearized plasmid, a cosmid, a viral genome, a modified 
viral genome, an artificial chromosome, etc. 
0200. The polynucleotide may be of any sequence. In 
certain preferred embodiments, the polynucleotide encodes 
a protein or peptide. The encoded proteins may be enzymes, 
structural proteins, receptors, soluble receptors, ion chan 
nels, pharmaceutically active proteins, cytokines, interleu 
kins, antibodies, antibody fragments, antigens, coagulation 
factors, albumin, growth factors, hormones, insulin, etc. The 
polynucleotide may also comprise regulatory regions to 
control the expression of a gene. These regulatory regions 
may include, but are not limited to, promoters, enhancer 
elements, repressor elements, TATA box, ribosomal binding 
sites, stop site for transcription, etc. In other particularly 
preferred embodiments, the polynucleotide is not intended 
to encode a protein. For example, the polynucleotide may be 
used to fix an error in the genome of the cell being 
transfected. 

0201 The polynucleotide may also be provided as an 
antisense agent or RNA interference (RNAi) (Fire et al. 
Nature 391:806-811, 1998; incorporated herein by refer 
ence). Antisense therapy is meant to include, e.g., adminis 
tration or in situ provision of single- or double-stranded 
oligonucleotides or their derivatives which specifically 
hybridize, e.g., bind, under cellular conditions, with cellular 
mRNA and/or genomic DNA, or mutants thereof, so as to 
inhibit expression of the encoded protein, e.g., by inhibiting 
transcription and/or translation (Crooke “Molecular mecha 
nisms of action of antisense drugs’ Biochim. Biophys. Acta 
1489(1):31-44, 1999; Crooke “Evaluating the mechanism of 
action of antiproliferative antisense drugs' Antisense 
Nucleic Acid Drug Dev. 10(2): 123-126, discussion 127, 
2000, Methods in Enzymology volumes 313-314, 1999; each 
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of which is incorporated herein by reference). The binding 
may be by conventional base pair complementarity, or, for 
example, in the case of binding to DNA duplexes, through 
specific interactions in the major groove of the double helix 
(i.e., triple helix formation) (Chan et al. J. Mol. Med. 
75(4):267-282, 1997; incorporated herein by reference). 
0202 In certain embodiments, the polynucleotide to be 
delivered comprises a sequence encoding an antigenic pep 
tide or protein. Nanoparticles containing these polynucle 
otides can be delivered to an individual to induce an immu 
nologic response Sufficient to decrease the chance of a 
Subsequent infection and/or lessen the symptoms associated 
with such an infection. The polynucleotide of these vaccines 
may be combined with interleukins, interferon, cytokines, 
and adjuvants such as cholera toxin, alum, Freund's adju 
vant, etc. A large number of adjuvant compounds are known; 
a useful compendium of many Such compounds is prepared 
by the National Institutes of Health and can be found on the 
internet (http:/www.niaid.nih.gov/daids/vaccine/pdf/com 
pendium.pdf, incorporated herein by reference; see also 
Allison Dev. Biol. Stand. 92:3-11, 1998: Unkeless et al. 
Annu. Rev. Immunol. 6:251-281, 1998; and Phillips et al. 
Vaccine 10:151-158, 1992, each of which is incorporated 
herein by reference). 
0203. An antigenic protein or peptides encoded by a 
polynucleotide may be derived from Such bacterial organ 
isms as Streptococccus pneumoniae, Haemophilus influen 
Zae, Staphylococcus aureus, Streptococcus pyrogenes, 
Corynebacterium diphtheriae, Listeria monocytogenes, 
Bacillus anthracis, Clostridium tetani, Clostridium botuli 
num, Clostridium perfingens, Neisseria meningitidis, Neis 
seria gonorrhoeae, Streptococcus mutans, Pseudomonas 
aeruginosa, Salmonella typhi, Haemophilus parainfluenzae, 
Bordetella pertussis, Francisella tularensis, Yersinia pestis, 
Vibrio cholerae, Legionella pneumophila, Mycobacterium 
tuberculosis, Mycobacterium leprae, Treponema pallidum, 
Leptospirosis interrogans, Borrelia burgdorferi, Camphy 
lobacter jejuni, and the like; from Such viruses as Smallpox, 
influenza A and B, respiratory syncytial virus, parainfluenza, 
measles, HIV. Varicella-Zoster, herpes simplex 1 and 2. 
cytomegalovirus, Epstein-Barr virus, rotavirus, rhinovirus, 
adenovirus, papillomavirus, poliovirus, mumps, rabies, 
rubella, coxsackieviruses, equine encephalitis, Japanese 
encephalitis, yellow fever, Rift Valley fever, hepatitis A, B, 
C, D, and E virus, and the like; and from Such fungal, 
protozoan, and parasitic organisms such as Cryptococcus 
neoformans, Histoplasma capsulatum, Candida albicans, 
Candida tropicalis, Nocardia asteroides, Rickettsia ricketsii, 
Rickettsia typhi, Mycoplasma pneumoniae, Chlamydial psit 
taci, Chlamydial trachomatis, Plasmodium falciparum, Try 
panosoma brucei, Entamoeba histolytica, Toxoplasma gon 
dii, Trichomonas vaginalis, Schistosoma mansoni, and the 
like. 

Microparticles and Nanoparticles 

0204 The lipidoids of the present invention may also be 
used to form drug delivery devices. Inventive lipidoids may 
be used to encapsulate agents including polynucleotides, 
Small molecules, proteins, peptides, metals, organometallic 
compounds, etc. Lipidoids described herein have several 
properties that make them particularly Suitable in the prepa 
ration of drug delivery devices. These include 1) the ability 
of the lipid to complex and “protect’ labile agents; 2) the 
ability to buffer the pH in the endosome; 3) the ability to act 


























































