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SYNTHETIC LIPID-LIKE MATERIALS FOR BRAIN DELIVERY

RELATED APPLICATIONS

JO001] This application claims the benefit of priority to U8, Provisional Application No.
63/019,530, filed May 4, 2020; the conients of which are incorporated herein by reference

in their entirety,

GOVERNMENT SUPPORT
{0002] This invention was made with government support ynder grant numbers TRO02636
and EBO27170 awarded by the National Institutes of Health. The government has certain

rights in the inveation.

BACKGROUND

{0003] The treatment of contral nervous systems (CNS) discases, such as
neurodegenerative disorders, brain tumors, brain infections, and stroke, is severely
constrained by the blood-brain-barricr (BBB) because it prevents the transtor of most of
small molecule drugs and macromolecoles (e.g., peptides, gene drugs, and protein drogs)
inte the brain. To date, extensive efforts have been undertaken to enhance brain delivery
etficiency, including direct UNS administralion, disruption of the BBR, and carmier vehicle
mediated delivery, However, direct administration to the UNS i3 invasive, which may cause
infcction and tissue damage, and 1s also limited by diffusion distance and rapid cfilux of
drugs out of the ONS within hours. Distuption of the BBRB, using technigues such as
osmotic disruption, biochemical disraption, and ultrasound-mediated disruption, is effective
to introduce drugs into brain, however, these transieni BBB openings also allows for the
ieakage of plasma proteins inte the brain, leading to neurotoxicity, vascular pathology, and
chronic neuropathologic changes in the brain, Therefore, approaches for safe and efficient
delivery of BBB-impermeable cargos, in particular for gene and nucleic acid therapy, into
CNS remain to be desired,

{0004} The carrier vehicle mediated brain drug delivery is considered a pronmising and
versatile brain delivery system. For decades, various carrier vehicles, such as viral vectors,
exosomes, molecular Trojan horses and sundry nanoparticle formufations, have been
developed to enhance brain delivery. Viral vectlors are effective for gene delivery to brain,

bul have limitations such as production cost and safety concerns, Exosomes have been
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utilized to detiver small molecules, proteins and nacleic acids to the brain due to their non~
inmunogenic nature; however, there still exist many chatlenges in the isolation methods,
cargo loading procedure, fn wive toxicity and pharmacokinetics, The molecular Trojan horse
approach, relying on the receptor-specific monoclonal antibodies or peptides to ferry the
genetically fused cargo into the brain, is promising in delivery of biologics across the BBB.
However, the mamsfaciuring process needs to be tadored specifically for each for different
biologic cargo, and the stability, safety and immunogenicity are challenge to clinical
development, Crossing the BBB with various nanoparticles, such as liposomes, cationic
polymers, inorganic nanoparticles and nanocapsules, have shown promise in delivery of
various cargos into the CNS, but complicated modifications are always needed {o ensure the
particles produced are BBB-permicable.

{0005} Neyrotransmiiters are endogencus chemicals that enable neurotransmission,
Notably, some neurotransmitters bave been demonstrated 1o cross the BBB. For example,
dimethyltryptaniine and other tryptamine derivatives have been shown to cross the BBB by

active transport across the endothelial plasma membrane,

SUMMARY

{0006] Disclosed herein 1s a simple, and effective approach for delivering cargos into brain
using neyrotransmitter-derived synthetic lipids. This approach is very robust, and ¢an be
used to successfully deliver different classes of cargos (small molecule, nucleic acid, and
protein, ctc.) all using the same, simple nanoparticle design.

{0007] In one aspect, disclosed are compounds of formula:

Y —W-RURi

or a pharmaceutically acceptable salt thereof, wherein

Y is a moicty derived from & neurotransmitier;

Wois ~NR¥M., -0, or -8

RUP s independently substituted or unsubstitnted C20 alkyl, substituled or unsubstituted
Craoalkenyl, substituied or unsubstituted Ciap alknyl, substituted or unsubstituted
Ciao heteroalkyl, substituted or unsubstituted Cyapheteroalkenyl, or substituted or
unsubstituted Chae heteroalknyl; and

R 5 R H, Crogalkyl, Cras alkenyl, or O alkynyl.

{0008] In cortain aspects, disclosed are lipidoid nanoparticles comprising a compound

disclosed herein.
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{0009] In certain aspects, disclosed are pharmaceutical compositions comprising a lipidoid

nanoparticle disclosed herein; and a pharmscentically acceptable carrier or exciplent.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010} Fig. 1A is a schematic illustration of formudating N'T-lipidoid doped LNPs for cargo
delivery to brain,

J0011] Fig 1B is a schematic illustration of synthesis route, lipid nomenclature, and
chemical structure of neurotransmitters used for hpidoid syathesis,

{00121 Fig 1C 1s a representative ex vive fluorescence images of the dissceted brain T h
after one-time intravenous injection of { mg kg ™' DiR-labeled NT-LNPs, DiR was doped
into the NT-LNPs with a 10% weight ratio. The mice were perfused with saline before
dissection,

{0013} Fig 2A is chemical structwre of PBA-Q76-0168, NT1-Q12B, and schematic
iHustration of the doped NT1-lipidoid AmB formulstion.

{0014} Fig. 2B are photographs of AmB formulations in NT1-O12B doped with different
anzounts of PBA-Q760168 (weight ratio is used). The pure NT1-0128/AmB encapsulates
appeared as an opague suspension, while the appearance of the encapsulates changed from
translucent solutions to homogenous transparent yeltow solutions as the doping ratio of
PBA-Q76-0168 fipidoid increased.

{0015} Fig. 2C is graph depicting hydrodynamic diameters and potydispersity indexes of
different NT-LNP /AmB formulations determined by DLS measurements.

{0016} Fig. 2D are representative fluorescence images of the dissected mouse brain 1 h
after one-time intravenous injection of 1 mg kg ™' DiR-loaded NT1-O12B/PBA-Q76-016B
LNPs. The weight ratio of DiR 1 LNPs is 10%,

{6017} Fig. 2K is a graph depicting ArB concentration iu brain tissues 24hr after
intravenous injection of 5 mgrkg AmB mn various NT1-012B/PBA-Q76-0168 LNPs LNP
tornmudations measured using HPLU {n= 4 per group). The muee were perfased with saline
before dissected, One-way ANOVA, Sidak post hoe analysis, ¥p<0.05, ¥*p<0.001 or
#A¥0<.0001. Graphical data are represented as box and whisker plots with individual
points overlaid, where error bars represent maximum and minimumn values and the boxed
tine represents the median,

{0018] Fig. 3A shows chemical structures of 306-0128-3, NT1-014B, and schematic

iustration of the doped NT-lipidoid Tau-ASO formulation for brain delivery,
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{0019] Fig. 3B is & graph depicling GFP silencing efficiency of HEXK-GFP cells treated
with or without ASONT-LNPs complexes. The NT1-0148 LNPs alone showed no
silencing efficacy, while doping NT1-lipidoid inte 306-Q12B-3 LNPs {ed to successtul
gene sitencing fn vitro. *p<0.01 vs. all other samples in the same groap,

{0020] Fig. 3C is a graph depicting Tau-ASOs formulated with NT1-O14B doped with
different ratios of 306-012B-3, saline, or serambied Tauw-ASQ-LNPs were intravenous
injected into CSTBLAT mice (n= 6 per group} via the ail vein, and the brain was analyzed
for total tan mRNA levels, Graphical daia are represented as box and whisker plots with
individual points overlaid, where ervor bars represent maximum and minimum values and
the boxed line represents the median, *p<0.05 or *¥*p<0.001.

{00211 Fig. 3D is graph depicling total tau proten levels of the NT1-014B/306-0128-3=
3:7 group, comparing to that of saline or scrambled Tau-ASO, ¥¥p<0.001. One-way
ANOVA, Sidak post hoc analysis,

{0022} Fig. 4A is a schematic illustration of mixed LNP formulation using NT1-0O14B and
PBA-Q76-0168 for GFP~Cre protein delivery into brain,

{0023] Fig. 4B are {fluorescence images of the brain slices of Aild mice treated with {~
27YGEP-Cre in different LNP formulations, Ail4 mouse was intravenous injected with (-
2HGEP-Cre complexed with NT1-O14B/PBA-Q76-016B= 3.7, 10:0 or 0:10 LNPs, After 3
weeks, the group of NTI-O14B/PBA-Q76-016B= 3.7 showed tdTomalo expression
ndicative of Cre-mediated recombination in cercbral cortex, hippecampus and cercbellum.
Scale bar: 100 wm,

{0024} Fig. § arc TEM images of NT1-LNPs and table of hydrodynamic sizes,
polydispersity index, zeta potential.

{0025} Fig. 6 is graph sunmwmarizing relative Tuorescence intensity of the dissected brain
tissue 1 h alter one-lime intravenous injection of | mg kg1 DiR-labeled NT-LNPs, DiR
was doped Into the NT-LNPs with a 10% weight ratin. The mice were perfused with saline
before dissection, One-way ANOVA, Sidak post hoe analysis, *p<0.05 or **p=<0.01.
{00261 Fig. 7 are representative ex vive fluorescence images of the dissected brain 1 h after
ong-time intravenous injection of 1 mg kg1 DiR-labeled LNPs or NT1-012B doped
NTLNPs {ratio 317, wiw), and the chenneal structure of 76-016B, EC16-80, and 113~
016B. DiR was doped into the NT-LNPs with a 10% weight ratio, The mice were perfused

with saline belore dissection.



WO 2021/226092 PCT/US2021/030664

{00271 Fig. 8 depicis the chemical structures of NT-lipidoids and dimethyltryptamine, and
the representative ey wie fluorescence images of the dissected brain 1 h after one-time
itravenous mjection of' 1 mg kg—1 DiR-labeled NT-LNPs, DiR was doped into the
NTENPs with & 109 weight ratio. The mice were perfused with saline before dissection,
[0028] Fig. 9 is a graph depicting Am B conceniration in brain tissucs 24 h after intravenous
mjection of § mg'kg AmB in various NT1 derivatives measured using HPLC. The mice
were perfused with saline before dissection.

{0029} Fig. 10A is a pholograph of AmB formulations in NT1-lipidoids with different tail
fengths (0188, O16B, 0148, 0128). All four NTI/AmB encapsulates showed opaque
suspension.

{0030] Fig. 108 i3 a graph depicting hydrodynamic diameters and polydispersity indexes of
NT-LNPs determined by DLS measurements.

{0031} Fig. 11 15 a TEM image of NT1-012BPBAQT76016B-3/7-AmB complex, and a
table that summarizes hydrodynamic sizes, polvdispersity index, zeta potential, and DLC of
AmB/NT-LNPs complex,

{0032] Fig. 12 is a graph that summarizes relative fluorescence intensily of the dissected
brain tissue 1h after one-time intravenous injection 1 mg kg —1 DiR-loaded NT1-~
O12B/PBA-Q76-0168 LNPs. The weight ratio of IMR in LNPs is 10%. *¥p=<0.001. One-
way ANOVA, Sidak post hoc analysis,

{00331 Fig. 13 is a calibration curve of AmB concentration dissolved in methanol ranging
from 0.005 to 0.5 ug/mL (low concentration), or 0,007 1o 3.0 ug/mL thigh concentration) at
415 nm by HPLC.

J0034] Fig. 14 Is mAU-tine graphs of AmB concentrations in brain tissues 245 after
intravenons breatment with NT1-012B/PBA-Q76016-LNPs (ratio: 3/7 -AmB complex at &
single dose of 3 mg AmBikg by HPLC.

{0035 Fig. 15 are graphs depicling AmB concentrations in other organs 24 h afler
intravenous injection of § mg/hg AmB measured by HPLC.

{0036] Fig. 16 s TEM images of blank and ASO loaded NT1-0148:206-CG12B-3 (ratio:
3/7) nanoparlicles and a table of hydrodynamic sizes, polydispersity index, zeta potential.
{00371 Fig, 17 are TEM images of blank and (-:27)GFP-Cre loaded NT1H-OHB/PBA-
Q760168 (ratio: 3/7) nanoparticles and a table of hydrodynamic sizes, polydispersity
indey, zeta potential.

{0038] Fig. 18A is a scheme that depicts the synthesis of 1E tail.
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{0039] Fig. 18B is a scheme that depicts the synthesis of PBA-Q760168 and PBA-
QROOIOB,

{0040] Fig. 18C s a schene that depicts the synihesis of NT1-New.

[0041] Figs. 19A-19N are fluorescence images of section of Alld mouse brain, The mouse
werg injected with Cre mRNA complexed with Dlin-MC3/NT1-014B LNP. The LNP
formudation was deseribed 1 slide 1,

{0042] Figs. 20A-20B are fluorescence images of section of Aild mouse brain. The mice
were injected with Cre mRNA complexed with PBA-Q76016B/NT1-0148 LNP, The
LNP formulation was described in slide |

{0043} Figs. 2IA-21B are fluorescence images of section of Aild mouse brain, The mice
were injected with Cre mRNA complexed with Dlin~-MC3/NTI-0148 LNP. The LNP

formulation was deseribed in slide {1

DETAILED DESCRIPTION

{0044} In one aspect, disclosed are compounds of formala I

Y e YWY - RLiDH (.

or a pharmacentically accepiable salt thereof, wherein

Y is a moiety dertved from g nourotransmitier;

Wi ~NR™M., ()., or -8

RUP is independently substituted or unsubstituted C a0 alkyl, substituted or unsubstituted
Cyao alkenyl, substitoied or unsubstituted Crap alkoyl, substituted or unsubstituted
0 heteroatkyl, substituted or unsubstituted Crop heteroalkenyl, or substituted or
unsubstituted Ci.20 heteroalknyt; and

R* i RUH, Crgalkyl, Cis alkenyl, or Cre alkynyl.

[0045] In certain embodiments, Y is selected fromu

@*"@M SO
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{0046] In certain preforred emibodiments, Y is

A

10047] In certain embodiments, W is -NR*- or -8-, In certain embediments, W is -NR¥-.
In certain embodiments, W is =S~
{0048] In certain embodiments, W is -NR™-, and R js RM#,

[0049] In certain embodiments, W is ~NR¥-, and R™ is RUP and Y is

AN

{0050] In certain cmbodiments, R4 {5 of the structure:

”

R’! RE

wherein:

each instance of R' and R? is independently -H, -OH, -NHR™, or -SH;

R* and R are both -H; or RY and R? are taken together to fornt an oxo (=0} group;
Zis -CHa-, -0, -NR-, or -8~

Xand Y are independently ~CHa-, NRY.., .O-, -8-, or -Se~;

ny is an integer selected from 1-3;

n 18 an integer selected from 1-14;

pislorl;

q is an integer sclected from 1-10;

tisforl; and

R is -H, Cisalkyl, Cie alkenyl, or Crg alkynyl.
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{0051] In certain embodiments, esch instance of R and R® is independently -H or -OH. In
certain enthodinients, R and R” are -H. In certain embodiments, R is -H; and R is -OH.
j0052] In ceriain embodiments, RY and R* are -H. I certain embodimenis, R’ and R* are
taken together to torm an oxo (=0} group.

{0053] In certain embodimentis, Z is -CHz-, -O-, or -NR-, In certain embodiments, Z is -
CHo- In certain embodiments, 7 is ~O-. In certain embodiments, 7 is ~-NR*..

{0054] In certain embodiments, R and R are -H, R® and R are taken together to form an
oxo (=0) group, and £ is O,

[0055] In certain embodiments, R' is -H, R¥ i3 -OH, R" and R are -H, and Z is -CHz-.
{0056] In certain embodiments, X and Y are independentily ~CHz- or ~O-, In certain
embodiments, X and Y are independently ~CHa or -O-, wherein X and Y are not the same,
In certain embodinments, X and Y are independently -CHa- or -S-. I certain embodiments,
X and Y are both -CHy-. In certain embodiments, X and Y are both -S-.

{0057] In cortain embodiments, m is 1 or 2. In cortain embodiments, m is 1. I certain
enthodinents, m s 2.

{D0S8] In certain embodiments, 1 1s an integer selected from 4-12, In cortain embodiments,
i is an integer selecled from 6-10.

J0059] In certain embodiments, p is 0. In certain enbodiments, pis 1.

{00681 In certain embodiments, g is an tnteger selected from 2-8. In cortain embodiments, g
s an integer selected from 4-8,

{0061} In certain emibodiments, tis O In certain emibodinents, tis 1,

{0062] In certain embodiments, the compoand i3 selected from the group consisting off

e
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or a pharmaceuntically acceptable salt thercofl

{0063} In cerlain aspects, disclosed are lipidoid nanoparticles comprising a compound
disclosed herein.

{0064] In certain embodiments, the nanoparticle disclosed herein Tarther comprising a
protein.

{0065} In certain embodiments, the protein is GFP-Cre,

{0066] In certain embodiments, the nanoparticle disclosed herein further comprises a
nucleic acid,

{00671 In certain embodiments, the nucleie acid is Taw-ASOs.

{0068] In certain embodiments, the nanoparticle disclosed herein further comprises a small
niolecule.

j0069] In certain embodiments, the small molecule 1s an antifungal agent or 8
chemotherapeutic agent.

{00701 In certain embodiments, the small molecule is selected from the group consisting of
bortezomib, imatinib, gefitinib, erlotinib, afatinib, osimertinib, dacomitinil, daynorubicin
hydrochioride, cytarabine, fluoroaracil, winotecan hydrochionde, vineristine sulfate,
methotrexate, paclitaxel, vincristine sulfate, epirubicin, docetaxel, cyclophosphamide,
carboplatin, lenalidomide, tbrutinib, abiraterone acetate, enzahutamide, pemeirexed,
palbociclib, nilotinib, everolimus, ruxolitinib, epirabicin, pirirubicin, idarubicin, valrubicin,
amrubicin, blecomyein, phleomycin, dactinontycin, mithramycin, streptozotecin, pentostatin,

mitosanes mitomycin C, enediynes calicheamyein, glycosides rebeccamyein, macrolide

v
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factones epotihilones, ixabepilone, pentostating salinosporamide A, vinblasiing, vincristine,
cloposide, teniposide, vinorctbine, docetaxel, canptothecin, hycamtin, pederin,
theopederins, ammamides, trabectedin, aplidine, and ecleinascidin 743 (ET743).

{0071} In certain embodiments, the small molecule 1s amphotericin B or doxorubicin.
{0072} In certain embodiments, the lipidoid nanoparticle has a particle stze of about 25 am
to about 1000 mm. In certain embodiments, the fipidoid nanoparticle has & particle size of
about 50 nm to about 500 nm.

{0073} In cerfain aspects, disclosed are pharmaceutical compositions comprising a hpidoid

nanoparticle disclosed herein; and a pharmaceutically acceptable carrier or excipient.

Definitions

{0074} Unless otherwise defined herein, scientific and technical terms used in this
application shall have the meanings that are conmmonly understood by those of ordinary
skill in the art. Generally, nomenclature used in connection with, and techuiques of,
chemisiry, cell and tissue culture, molecular biology, cell and cancer biotogy, neurobiology,
neurochemistry, virology, immunology, micrebiclogy, pharmacology, genetics and protein
and nucleic acid chemistry, described herein, are those well-known and commonly used in
the art.

{0075] The methods and techniques of the present disclosure are generally performed,
unless otherwise ndicated, according to conventional methods well known in the art and as

described in various general and more specific references that are cited and discussed

feg

2 Y

throaghoust this specification. See, e.g. “Principles of Neural Science™, MeGraw-Hill
Medical, New York, N.Y. (2000); Motulsky, “lntuitive Blostatisties”, Oxford University
Press, Inc. (1995, Lodish et al,, *Molecular Cell Biology, 4th ed.”, W, H. Freeman & Co.,
New York (2000} Griffiths et al., “Introduction to Genetic Analvsis, 7th ed.”, W, H.
Freeman & Co., NY. (1999} and Gilbert ef sl., “Developmental Biology, 6th ed.”, Sinauer
Associates, Inc., Sunderfand, MA (2000).

[0076] Chemistry torms used herein, unless otherwise defined herein, sre used according to
conventional usage in the art, as exemplified by “The MeGraw-Hill Dictionary of Chemigal
Terms”, Parker 8., Ed., MeGraw-Hill, San Francisco, C.A, (1985).

{0077 As used herein, the terms “optional™ or “optionally” mean that the subsequently
described event or circumslance may ocour or may not ocenr, and that the description

includes instances where the event or circumstance occurs as well as instances in which i
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does not, For example, “oplionally substituted alkyl™ refers o the atkyl may be substituted
as well as where the alkyl is not substituted.

{0078} 1t is understood that subsiituents and substitation patiemns on the compounds of the
present invention can be selected by one of ordinary skilled person in the art to result
chemically stable compounds which can be readily synthesized by technigues known i the
art, as well as those methods set forth below, from readily available starting matenals, ifa
substituent is itself substituted with more than one group, it is understood that these
multiple groups may be on the same carbon or on different carbons, so long as a slable
structure results.

{0079] As used herein, the term “optionally substituted” refers to the replacement ot one to
six hydrogen radicals i a given structure with the radical of a specified substituent
m¢luding, but not limited to: hydroxyl, hydroxvalkyl, alkoxy, halogen, alkyl, mitro, silvi,
acyl, acyloxy, aryl, eycloalkyl, heterocyelyi, amino, aminoalkyl, cyano, haloalkyl,
haloalkoxy, ~-OCO-CHa-O-alkyl, -OP{OYO-alkyl) or ~CH2-OP(OYO-alkyl). Preferably,
“optionally substituted™ refers to the replacement of one to four hydrogen radicals in a
given structure with the substituents mentioned above. More preferably, one to three
hydrogen radicals are replaced by the substituents as mentioned above. Itis undersiood that
the substituent can be further substituted.

{0080] Articles such as "a," "an,” and "the™ may mean one or more than one unless
ndicated to the contrary or otherwise evident from the context. Claims or deseriptions that
m¢lude "or" between one or more members of a group are considered satisfied if one, more
than one, or all of the group members are present in, emploved in, or otherwise relevant to a
given product or process unless indicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which exactly one member of the group is
present in, employed in, or otherwise relevant to a given product or process, The invention
mcludes embodiments in which more than one, or all of the group members are present in,
eniployad In, or otherwise relevant to a given product or process.

[0081] As used herein, the term “alky!™ refers fo saturated aliphatic groups, wcluding but
uot limited Yo Cy~Cyo straight-chain alkyl groups or O-Cha branched-chain alkyl groups.
Preferably, the “alkvl™ group refers to Cr-Cs straight-chain alkyl groups or C-Cs branched-
chain alky! groups. Most preferably, the “alkyl™ group refers to Ci-Cy straight-chain alkoyt
groups or C-Cs branched-chain alkyl groups. Examples of “alkyl™ include, but are not

tinited to, methyl, ethyl, 1-propyl, 2-propyl, n~-butyl, sec-butyl, tert-butvl, I-pentvl, 2-

~13.
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pentyl, 3-pentyl, neo-pentyl, -hexyl, 2-hexyl, 3-hexyvl, I-heptyl, 2-heptyl, 3-heptyl, 4-
heptyl, 1-octyl, 2-octyl, 3-octyl or 4-octyl and the Hke. The “alkyl™ group may be optionally
substituted.

{0082] The term “acyl” s art-recognized and refers to a group represented by the general
formula hydrocarbylC{O)-, preferably alkyiC{Q)-.

{00831 The term “acylamino™ is arl-recognized and refers to an amino group suhstitnied
with an acyl group and may be represented, for example, by the formula
hydrocarbylC(OINH-.

[0084] The term “acvioxy™ is art-recognized and refers to a group represented by the
general formula hydrocarbylC{ONYO-, preferably alkyiC{OY0-.

{0085] The term “alkoxy™ refers to an alkyl group having an oxygen attached thereto,
Representative alkoxy groups include micthoxy, ethoxy, propoxy, tert-butoxy and the ke,
{0086] The term “alkoxyalky!™ refers to an alkyl group substiiuted with an alkoxy group
and may be represented by the general formuda alkyl-O-alkyl,

{0087] The term “alkyl” refers to saturated aliphatic groups, including straight-chain alkyl
groups, branched-chain alkyl groups, cycloalkyl (alicyelic) groups, alkyl-substituted
cvcloalkyl groups, and cycloalkyl-substituted alkyl groups. In preferred embodiments, a
straight chain or branched chain atkyl has 30 or fewer carbon atoms in its backbone {e.g.,
Ci.a0 Tor strazght chains, Caan for branched chains), and more preferably 20 or fewer.
{0088] Moreover, the lerm “alkyl” as used throughoual the specification, examples, and
claims is intended to include both unsubstituted and substituted atkyl groups, the latter of
which refers to alkyl moicties having substituents replacing a bydrogen on ong or more
carbons of the hydrocarbon backbone, inchuding haloalkyl groups such as trifluoromethyl
and 2,2, 2-rillporoethyl, ete,

{089 The torm “Ukay™ or “Ce-{Cy”, when used in conjunction with a chemical moiety, such
as, acyl, acyloxy, alkyl, atkenyl, alkynyl, or alkoxy is meant to include groups that contain
from x to y carbons in the chain, Chalkyl indicates a hydrogen where the group is ina
terminal position, a bond 1internal. A Crsalkyl group, for example, contains from one to
six carbon atoms in the chain.

{0090 The term “alkylaming”, as used herein, refers to an amuno group substituted with at
feast one alkyl group.

[0091] The term “alkyithio™, as used herein, refers to a thiol group substituted with an alkyl

group and may be represenied by the general formula alkylS-.
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{0092 The term “amide”, as used herein, refers to a group

A
R
YN

R?G

j0093] wherein R” and R'® each independently represent a hydrogen or hydrocarbyl group,
or R” and R taken together with the N atom to which they are attached complete a
heterocvele having from 4 to 8 atoms in the ring structure,

{0094} The terms “amine™ and “amino™ are art-recognized and refer to both unsubstituted

and substituted amines and salts thereof] ¢.g., a moicty that can be represented by

9 ?
R %
émN\ w of é‘“‘l}i“Rig
R0 g

j0095] wherein RY, R' and R'™ each independently represent a hydrogen or a hydrocarbyl
group, or RY and R taken together with the N atom to which they are attached complete a
heterocyele having from 4 to § atoms in the ring structure,

{0096] The term “aminoalkyl™, as ased herein, refers to an alkyl group sabstitaied with an
AUNINO roup.

{0097 The term “aralkyl™, as used herein, refers to an alky] group substituted with an aryl
group.

{0098 The term “aryl” as used herein include substituted or unsubstituted single-ring
aromatic groups in which each atom of the ring is carbon. Preferably, the ringisa S0 7~
membered ring, more preferably a 6-membered ring. The term “aryl” also meludes
polyeyche ring systems having two or more cyelie rings in which two or more carbons are
common 1o two adjoining rings wherein at least one of the rings is aromatic, ¢.g., the other
cyclic rings can be cycloalkyls, eycloalkenyls, cycloalkynyls, arvls, heteroaryls, andior
heterocyclyvls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, aniline,
and the like,

j0099] The term “carbamate™ is art-recognized and refers to a group

Q O
Sy‘:\O)Lr:&*R‘?O or Jf\m/U\DJR‘)
R ]

Rv

5

{0100] wherein R” and R'? independently represent hydrogen or a hydrocarbyl groap,
{0101} The term “carbocyelylalkyl™, as used herein, refers 1o an alky! group substituted

C

with a carbocycle group,
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{0102 The term “carbocyele” includes 5-7 membered monocyelic and §-12 membered
bieyehic rings. Each ring of a bieyelic carboeycle may be selected from saturated,
unsaturated and aromatic rings. Carboeyele includes bicyelic molecules in which one, two
or three or more atoms are shared between the two rings. The term “fused carbocyele™
refers to a bieyelic carboeyele in which cach of the rings shares two adjacent atomns with the
other ring. Fach ring of a fused carbocycie may be selected from saturated, wnsaturated and
aromatic rings. In an exemplary envbodinient, an aromatic ring, ¢.¢., phenvi, may be fused
to a saturated or unsaturated ring, e.g., cyclohexane, cyclopentane, or cyclohexene. Any
combination of saturated, unsaturated and aromatic bicyelic rings, as valence permits, is
included in the definition of carbocyelic. Exemplary “carbocycles” include cyclopentane,
yelohexane, bicyclo[2.2. Theptane, 1. 5~cyclooctadiene, 1,2,3 d-letrabydronaphthalene
hic};«‘c1:3[4,2.ﬁ]m:.t--?»nema naphthalene and adamantane. Exemplary fused carboceveles
include decalin, naphthalene, 1,2,3 4-tetrahydronaphthalene, bicyelo[4.2.0]octane, 4,5,6,7~
tetrahvdro-1H-indene and bicyclof4,1.0thept-3-ene. “Carbocveles™ may be substituted at
any one or more positions capable of bearing a hydrogen atom.
{0103} The term “carbocyelylalkyl™, as used hercin, refers 1o an alky! group substituted
with a carbocycle group,
[0104] The term “carbonaie™ is art-r nized and refers to 8 group -OCO:-.
[0105] The term “carboxy™, as used hm‘cim refers to & group represented by the
tormuda ~-CO3H.
{0106] The term “ester”, as used herein, refers to a group -C(OYOR" wherein R” represents
a hydrocarbyl group.
[0107] The torm “ether”, as used hevein, refers to a hydrocarbyl group linked through an
oxvegen to another hydrocarbyl group, Accordingly, an ether substituent of a hydrocarbyl
group may be hydrocarbyl-0O-. Ethers may be either symmetrical or unsymmetrical,
Examples of ethers include, bal are not lmited to, heterocyele-O-heterocycle and aryl-O-
heteroevele, Ethers include “alkoxyalkyvl” groups, which may be represented by the general
formula alkyl-C-atkyl,
{0108] The terms “halo™ and “halogen™ as used herein means halogen and includes chloro,
{luoro, bromo, and iodo,
{0109} The terms “hetaralkyt” and “heteroaralkyl™, as used herein, refers to an alkyl group

substituted with a hetaryl group.
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{01160] The terms “heteroaryl™ and “hetaryl™ include substituted or unsubsiituted aromatic
single ring structures, preforably 3- to 7-membered rings, more preferably 3- to 6-
membered rings. whose ring structures include al least one heteroatom, preferably one o
four heteroatoms, more preferably one or two heteroatoms. The {emos “heteroary!”™ and
“hetarvl™ also include polveyclic ring systoras having two or more ¢yelic rings in which two
or more carbons are conmon to two adjoning rings wherein al least one of the rings 18
heteroaromatic, ¢.¢., the other cyelic rings can be eycloalkyls, cyvcloalkenyls, eycloalkynyls,
aryls, heteroarvls, andfor heterocycelyls, Heteroaryl groups include, for example, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine, pyrazing, pyvidazine,
pyrimidine, and the like,

{0111} The term “heteroatom™ as used heretn means an atom of any element other than
carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, and sulfur,

{0112} The term “heterocyelylatkyl™, as used herein, refers to an alkyl group substituted
with a heterocyele group.

{0113} The terms “heterocychyl”, “helerocyele™, and “heterocvelic” refer to substituted or
unsubstituted non-aromatic ring structures, preferably 2- to 10-membered rings, more
preferably 3~ to 7-membered rings, whose ring structures include at least one heteroalom,
preferably one to four heteroatoms, more preferably one or two heteroatoms. The terms
“heterceyelyl™ and “heterocycelic™ alse include polycyelic ring systems having two or more
cyelic rings in which two or more carbons ate common to two adjoining rings wherein at
least one of the rings is heterocyelic, e.g., the other cvelie rings can be eveloalkyls,
cycloatkenyls, cyeloalkynyls, arvls, heteroaryls, and/or heterocyelyls, Heterooyelyl groups
inchude, for example, piperidine, piperazine, pyvirolidine, morpholine, lactones, lactams, and
the like.

{0114 The term “hyvdrocarbyl”, as used herein, refers 1o a group that is bonded through a
carbon alom that does not have a =0 or =5 substitnent, and typically has at least one
carbon-hydrogen bond and a primarily carbon backbone, but may optionslly include
heterogtoms. Thus, groups like methyi, cthoxyethyl, 2-pyridyd, and even trifluoromethyl
are considered o be hydrocarbyl for the parposes of this application, but substituents such
as acetyl {which has a =0 substituent on the linking carbon} and ethoxy (which is linked
throagh oxygen, not carbon) are not. Hydrocarbyl groups include, bui are not limited to

aryl, heteroaryl, carboceycle, heterocycle, alkyl, alkenyl, alkynyl, and combinations thereof

i
—
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{0115} The term “hydroxyalkyl™, as used herein, refers to an alkyl gronp substituted with a
hydroxy group.

{0116} The term “lower™ when used in conjunction with a chemival moiety, such as, acyl,
acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups where there are ten or
fewer atomas in the substituent, preferably six or fower, A “lower alkyl™, for example, refors
to an alkyl group that contains ten or fewer carbon atoms, preferably six or fewer, In
certain enibodiments, acvl, acyioxy, alkyl, alkenyl, alkynyl, or alkoxy substituents defined
herein are respectively lower acyl, lower acvloxy, lower alkyl, lower alkenyl, lower
alkynyi, or lower alkoxy, whether they appear alone or in combination with other
substituents, such as in the recitations hydroxyalkyl and aralkyl (in which case, for
example, the ators withio the aryl group are not counted when counting the carbon ators
it the alkyl substituent).

{0117} The terms “polyeyelyl”, “polyeyele”, and “polyeychic™ refer to two or more rings
{(c.g., cycloalkyls, cycloalkenyls, cveloalkynyls, aryls, heteroaryls, andf/or heterocyelyls) in
which two or more aioms are common to two adjoining rings, ¢.g., the rings are “fosed

kg
e

rings”™. Each of the rings of the polyevele can be substituted or unsubstituted. In certain
embodiments, each ring of the polycycle contains from 3 {o 10 atoms in the ring, preferably
fromSto 7.

{0118} The term “sulfate”™ is art-recognized and refers to the group ~OSO:H, ora
pharmaceutically acceplable salt thereof.

{0119 The term “sulfonamide” is art-recognized and refers to the group represented by the

general formulag

! R“E{)
0 R Ol
§-8-N  or P
13 ‘Rg N‘
RB

{0120] wherein R and R independently represents Hydrogen or hydrocarbyl,

{0121} The term “sulfoxide™ is art-recognized and refers to the group-8S(0O)-.

{0122 The term “sulfonate™ 1s art-recognized and refers lo the group SO:H, ora
pharmaceutically aceeptable salt thereot,

f0123] The term “sulfone™ is arf-recognized and refers to the group ~S{O)-,

J0124] The term “substituted” refers to moteties having substituents replacing a hydrogen
on ong or more carbons of the backbone, It will be understood that “substitution™ or

“substituted with™ inciudes the implicit proviso that such substitution is in accordance with
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permitted valence of the substitnied atom and the subsiituent, and that the subsiitution
resulis in a stable compoud, ¢.g., which does not spontancously undergo transformation
such as by rearrangement, ¢yvclization, climination, ete. As used herein, the term
“substituled™ s contemplated 0 include all permissible substituents of organic compounds.
In a broad aspect, the permissible substitnents include acyclic and cyclic, branched and
unbranched, carbocyelic and heterocyclic, aromatic and non-aroniatic substituents of
organic compounds. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valences of the
heteroatons. Substituents can inchede any substiluents deseribed herein, for example, a
halogen, a hydroxyl, a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an
acyl}, a thiocarbonyl (such as a thioester, & thicacetate, or a thioformate), an alkoxyl, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an anudine, an
imine, a cyano, a nitro, an azido, a sulthydryl, an alkyithio, a sullate, a sulfonate, a
sulfamoyl, a sulfonamido, a sulfonyl, a heterocyelyl, an aralkyl, or an aromatic or
heteroaromalic moiety, It will be understood by those skilled in the art that the moieties
substituted on the hydrocarbon chain can themselves be substituted, if appropriate.
[0125] The term “thicalky!™, as used herein, refers to an alkyl group substituted with a thiot
group.
{0126] The term “thioester”, as used herein, refers to a group -C(OYSR? or ~SC{OIR?
{0127} wherein RY represents a hydrocarbyl.
JO128] The term “thicether™, as used herein, 1s equivalent to an ether, wherein the oxvgen is
repiaced with a sulfur.
{0129] The term “urea” is art-recognized and may be represented by the general formula
0
4 10
’f\t}l)l\h’rR
RE RP
{0130 wherein RY and R' independently represent hydrogen or a hydrocarbyl,
{0131} The term “modulate™ as used herein includes the inhibition or suppression of a
function or activity (such as cell proliferation) as well as the enhancement of a function or

activity.
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{0132] The phrase “pharmaceutically acceptable™ is artrecogmized. In certain
embodiments, the term includes compositions, excipionts, adjuvants, polymers amd other
materials and/or dosage forms which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings and animals withoot excessive
toxicity, uritation, allergic response, or other problenm or complication, conumensuarate with
a reasonable henefitrisk ratio.
{0133] “Salt™ is used herein to refer to an acid addition salt or a basic addition salt.
{0134} Many of the compounds useful in the methods and composiiions of this disclosure
have at least one stereogenic ceanter 1n their structure. This stereogenic center may be
present in a R or a S configuration, said R and § notation is used in correspondence with the
rules deseribed in Pure Appl. Chem. (1976), 45, 1130, The disclosure contemplates alf
stereoisomeric forms such as enantiomeric and diastercoisomeric forms of the compounds,
salts, prodrugs or mixtures thereof Gneluding afl possible mixtures of stercoisomers). See,
e.g., WO 01062726,
{0135} Furthermore, ceriain contpounds which contain alkeny! groups may exist as Z
{zusammen) or E {entgegen) isomers. In cach instance, the disclosure includes both
mixture and separate individual 1somers.
Some of the compounds may also exist in tawtomeric forms. Such forms, although not
explicitly indicated in the fornwtae described herein, are intended to be included within the
scope of the present disclosure.
{0136] “Pharmaceutically acceptable™ means approved or approvable by a regulatory
agency of the Federal or a state government or the corresponding ageney in countries other
than the United States, or that is listed in the U8, Pharmacopoeia or other generally
recognized pharmacopoeia for use in aninals, and more particalarly, in humans.
{0137 “Pharmaceutically acceptable salt”™ refers to a salt of a compound of the invention
that is pharmaceutically acceptable and that possesses the desired pharmacological activity
of the parent compound. In particular, such salts are non-toxic may be inorganic or organic
acid addition salts and base addition salts, Specifically, such salts include: (1) acid addition
salts, formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfurie
acid, nitric acid, phosphoric acid, and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoie acid, eyclopentanepropionic acid, glycolic acid, pyruvic acid,
factic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid,

citric acid, benzoie acid, 3-(4-hydroxybenzoylbenzoic acid, cinnamic acid, mandelic acid,
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methanesaifonic acid, ethanesulfonic actd, 1,2-cthane-disulfonic acid, 2-
hydroxyethancsulionic acid, benzencsulfonic acid, chlorobenzenesulfonic acid, 2-
naphthalenesulfonic acid, 4-toluengsulfonic acid, camphorsulfome acid, d-methylbicycio
[2.2.2]-0ct-2-ene~ 1 -carboxyhic acid, glucoheptonic acid , 3-pheaylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulturic acid , gluconic scid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearie acid, muconic acid, and the like; or (2)
salts formed when an acidic proton present in the parent compound either is replaced by a
metal on, ¢.g., an alkali metal ion |, an alkaline carth ion , or an aluminum ion; or
coordinates with an organic base such as ethanolamine, dicthanolamine, tricthanolamine,
N-methylglucanune and the hike, Salts further include, by way of example only, sodiam
potassium, cafcium, magnesiun, ammonium, tetraaltkylanmmonnay, and the like; and when
the compound contains a basic functionality, salis of nontoxic organic or inorganic acids,
such as hydrochloride, hydrobromide, tarirate, mesylate, acetate, maleate, oxalate and the
like.

{0138} The term “pharmaceutically acceptable cation™ refers o an acceplable cationie
courterion of an acidic functional group. Such cations are exemplified by sodium,
potassium, calciom, magnesium, ammoniun, tetraalkylammonium cations, and the like
(see, ¢. g, Berge, et al., J. Pharm. Sci. 66 (1):1-79 {(January 77).

{0139] “Pharmaceutically acceptable vehicle™ refers 1o a diluent, adjuvant, excipient or
carrier with which & compound of the invention 1§ administered,

{0148} “Pharmaccutically acceptable metabolically cleavable group™ vefers to a group that
iy cleaved in vivo to yield the parent molecule of the structural formula indicated herein.
Examples of metabolically cleavable groups mclude -COR, -COOR, -CONRR and -CH:OR
radicals, where R s selected independently at each occurrence from atkyd, trialloplsilyl,
carbocyelic aryl or carboeyelic aryl substituted with one or more of alkyl, halogen, hydroxy
or atkoxy. Specific examples of representative metabolically cleavable groups include
acelyl, methoxyearbonyl, beneoyl, methoxymethyl and timethvlsityl groups.

[0141] “Prodrugs” refers to compounds, including dertvatives of the compounds of the
invention, which have cleavable groups and become by solvolysis or under physiological
conditions the compounds of the invention which are pharmaceutically active in vivo., Such
exarmples include, but are not limited to, choline ester dervatives and the like, N-
alkylmorpholine esters and the like. Other dertvatives of the compounds of this invention

have activity in both their acid and acid derivative forms, butin the acid sensitive form
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often olfers advantages of solubility, tissue compatibilily, or delayed release in the
mammalian organism {sce, Bundgard, H., Design of Prodrugs, pp. 7-9, 21-24, Elsevier,
Amsterdant 1985}, Prodrugs include acid derivatives well known to practitioners of the art,
such as, for example, esters prepared by reaction of the parent acid with a suitahle aleohol,
or aniides prepared by reaction of the parent acid compound with a substituted or
unsubstituled amine, or acid anhydrides, or muxed anhydrides, Simple aliphatic or aromatic
esters, amides and anhydrides derived from acidic groups pendant on the compounds of this
invention are particular prodrugs. In some cases it is desirable to prepare double ester type
prodrugs such as (acyloxyalkylesters or (alkoxycarbonyhoxylalkylesters. Particularly the
C-Cy alkyl, Ca-Cy atkenyl, Co-Cy allonyl, arvl, Co-Ciyy substituted aryl, and Cr-Cha
arylalkyl esters of the compounds of the invention.

{0142} “Solvate™ refers to forms of the compound that are associated with a solvent or
waler {also referred to as “hydrate™), usually by a solvolysis reaction. This physical
association includes hydrogen bonding. Conventional solvents include water, ethanol,
acetic acid and the like. The compounds of the invention may be prepared e.g., in
crystalline form and may be solvated or hydrated. Suitable solvates include
pharmaceuntically acceptable solvates, such as hydrates, and hurther include both
staichiometric solvates and non-stoichiometric solvates. In certain instances, the solvate
will be capable of wsolation, for example when one or more solvent molecules are
ncorporated 1o the crystal {attice of the erystalline solid. “Solvate™ encompasses both
solution-phase and iselable solvates. Representative solvates include hydrates, ethanolates
and methanolates.

J0143] A “subjoct” to which administration is contemplated includes, but is not imited to,
humans (1.e., 8 male or fenale of any age group, e.g., a pediatric subject {e.g, infant, child,
adolescent) or adult subject (e.g., young adult, middie aged adult or senior adulty andior a
non- human animal, ¢.g., @ mammal sach as pnimates (e.g., cvnomolgus monkeys, rhesus
monkeys), cattle, pigs, horses, sheep, goats, rodents, cats, anddor dogs. Incertain
embodiments, the sgbject 1s a human, In certain embodiments, the subject is a non-human
animal. The teems “human,” “patient,” and “subject” are used inferchangeably herein,
{0144} An “effective amount” means the amount of a compound that, when adnunistered to
a subject for treating or preventing a disease, 1s sufflicient to effect such treatment or
prevention. The “effective amount” can vary depending on the compound, the discase and

its severity, and the age, weight, ¢te., of the subject to be treated. A “therapeutically
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effective amount” refers to the effective amount for thevapeutic treatment. A
“prophylatically effective amount”™ refers to the effective anwount for prophylactic treatment.
{0145 “Preventing” or “prevention™ or “prophylactic treatment”™ refors to a reduction in
risk of acquiring or developing a disease or disorder (i.e., causing at least one of the clinical
symptoms of the disease not to develop in & subject not yet exposed (o a discase-causing
agent, or predisposed to the discase i advance of disease onset.

{0146] The term “prophylaxis™ is related to “prevention,” and refers to a measure or
procedure the purpose of which 1s to prevent, rather than io treat or cure a disease. Non
Hmiting examples of prophylactic measures may inchide the administration of vaccines; the
administration of low molecalar weight heparin lo hospital patients at risk for thrombaosis
due, for example, to immoebilization, and the administration of an anti-malarial ageot such
as chloroquine, in advance of a visil to a geographical region where malaria is endemic or
the risk of contracting malaria is high.

[0147] “Treating” or “treatment” or “therapeutic treatment™ of any discase or disorder
refers, 1n one embodiment, lo ameliorating the disease or disorder (i.e., arresting the disease
or reducing the manifestation, extent or severity of at least one of the clinical symptoms
thereot). In another embodiment “treating™ or “freatment” refers to ameliorating af least
one physical parameter, which may not be discernible by the subject. In yet another
crubodiment, “treating” or “treatment™ refers to modulating the disease or disorder, either
physically, {e.g., stabilization of a discernible symptom), physiologically, {e.g., stabilization
of a physical paraneter), or both, In a further embodiment, “treating”™ or “treatment” relates
to slowing the progression of the disease.

JO148] As used berein, the torm “isotopic variant” refers 10 a compound that contains
unnatural proporiions of isolopes at one or more of the atoms that constitute such
compound. For example, an “isotopic varianl” of a compound can contain one or more
non~-radioactive isotopes, such as for example, denterium (*H or D), carbon-13 (PO,
nitrogen-15 (5N), or the Hke, It will be understood that, in a compound where such
isetopic substitution i1s made, the following atoms, where present, may vary, so that for
example, any hydrogen may be “H/D, any carbon may be Y, or any nitrogen may be N,
and that the presence and placemient of such atoms may be determined within the skil of
the art. Likewise, the invention may include the preparation of isotopic vanants with
radiisotopes, in the instance for example, where the resulting compounds may be used for

drug andior substrate tissue distribution studies. The radioactive isotopes tritiuny, i.e., “H,
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and carbon-14, Le., C, are particalarly useful for this purpose in view of their ease of
incorporation and ready means of detection, Further, com pounds may be prepared that are
substituted with positron emitting isotopes, such as C, F, 0 and YN, and would be
usefud in Positron Emission Topography (PET) studies for examining substrate receptor
ogcupancy. All isotopic vartants of the compounds provided herein, radicactive or not, are
ntended to be encompassed within the scope of the invention.

{0149] 1 is also to be understood that compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or the arrangement of their atoms
in space are termed “isomers.” Isomers that differ in the arrangement of their atoms in
space are fermed “slereoisomers.”

{0150] Stercoisomers that are not miror images of one another are termed “diastereomers™
and those that are non-superimposable mirror images of cach other are termed
“enantiomers.” When a compound has an asymmetrie center, for exarple, it is bonded to
four different groups, a pair of enantiomers is possible, An cnantiomer can be characterized
by ihe absolute configuration of its asymmetric center and is described by the R -and 8 -
sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the
plane of pelanzed light and designated as dextrorotatory or fevorotatory (e, as ()= or (-}~
isomers respectively). A chiral compound can exist as either individual enantiomer or as a
mixtyre thereof, A mixture containing equal proportions of the cnantiomers is called a
“racemic mixtare™,

{0151} “Tautomers™ refer to conpounds that are interchangeable forms of a particular
compound strueture, and that vary in the displacement of hydrogen atoms and elcctrons,
Thus, two structures may be in equilibriwm through the moverment of it electrons and an
atom {(usually H). For example, enols and ketones are tautomers because they are rapidly
interconverted by treatment with either acid or base. Another example of tastomerism is
the aci- and nitro-forms of phenyinitromethane, that are ikewise formed by treatment with
acid or base, Tautomeric forms may be relevant to the attainment of the optimal chensical
reactivity and biplogical activity of a compound of interest,

{O152] As used herein a pure enantiomeric compound is substantially free from other
enantiomers or stereoisomers of the compound (1.e., in enantiomeric excess). In other
words, an S forn: of the compound is substantially free from the "R form of the
compound and is, thus, in enantiomeric excess of the “R™ form. The term

“enantiomerically pure”™ or “pure enantiomer” denoies that the compound comprises more

-2
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than 95% by weight, more than 96% by weight, more than 97% by weight, more than 98%
by weight, more than 98.5% by weight, more than 99% by weight, more than 99.2% by
weight, more than 99.5% by weight, more than 99,6% by weight, more than 99.7% by
weight, more than 99.8% by weight or raore than 99.9% by weight, of the enantiomer. In
certain embodiments, the weighis are based upon fotal weight of all enantiomers or
stercoisomers of the compound.

{01531 As used herein and unless otherwise indicated, the term “enantiomerically pure R-
compound” refers to at least about 95% by weight R-compoand and at most about 5% by
weight S-compound, at least about 999% by weight R-compound and at most about 1% by
weight S~compound, or at least about 99.9 % by weight R-compound and at most about
(.1% by weight S-compound. In certain embodiments, the weights are based upon total
weight of compound.

{0134} As used herein and unless otherwise indicated, the term “enantiomerically pure S-
compound” or “S-conpound” refers to at least about 95% by weight S-~compound and at
most about 5% by weight R-compound, at least about 99% by weight S~compound and at
most about 1% by weight R-compound or at least about 99. 9% by weight S-compound and
at most about 0.1% by weight R-compound. In certain embodiments, the weights are based
upon total weight of compound.

{0155} In the compositions provided herein, an enantiomerically pure compound or &
pharmaceutically acceplable salt, solvate, hydrate or prodrug thereof can be present with
other active or inactive ingredients. For example, a pharmaceutical composition
comprising enantiomerically pure R-compound can comprise, for example, about 90%
excipient and about 10% enantiomerically pure R-compound. In certain embodiments, the
enanliomerically pure R-compound in such compositions can, for example, comprise at
feast about 95% by weight R-compound and af most about 5%6 by weight S-compound, by
total weight of the compounnd. For example, a pharmaceutical composition comprising
cnantiomerically pure S-compound can comprise, for example, about 90% excipient and
about 10% enantiomerically pure S-compound. In certain embodiments, the
enantiomerically pare S-compound in sach compositions can, for example, comprise, al
feast about 95% by weight S-compound and at most about 3% by weight R-compound, by
total weight of the compound. In certain embodiments, the active mgredient can be

formulated with little or no excipient or carrier,
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{0156] The compounds ol this inveniion may possess one or more asymmetric cenlers; such
compounds can therefore be produced as individual {R)- or (8)- stereolsomers or as
mixtures thereof,

f0157] Unless indicated otherwise, the description or naming of a particalar compond in
the specification and claims is intended to include both individual enantiomers and
mixtures, racemuc or otherwise, thereof. The methods for the determunation of
stercochemistry and the separation of stercoisomers are well-known in the art.

{0138} One having ordinary skill in the art of organic synthesis will recognize that the
maximum number of heteroatoms in a stable, chemically feasible heterocyelie ring, whether
il is aromatic or non-aromatic, is determined by the size of the ring, the degree of
unsaturation and the valenee of the heleroatoms. In general, & helerocyelic ring may have

one to Tour heteroatons so long as the heteroaromatic ring is chemically feasible and stable,

EXAMPLES

{0159} In order that the invention deseribed herein may be more fully understood, the
following examples are set forth. The examples deseribed in this application are offered o
itlustrate the compounds, compositions, matenials, device, and methods provided herein and

are not lo be construed in any way as linuting their scope.

Muaterials and Methods

General:

{0160] All chemicals used for hipid synthesis were purchased from Sigma-Aldrich and
dircetly used as received. Al ASOs and DNA fragments were purchased from Integrated
DNA Technologies (IDT), The ASOs were used as provided from DT, and when noted we
used the ASO product that is provided by the company to contain chemical modifications to
improve stability, HeLa-DsRed and GFP-HEK cells were maintained in Dulbeceo’s
modified cagle’s medium (DMEM, Sigma-Aldrich) complemented with 10% [etal bovine
serum (FBS, Sigma-Aldrich) and 1% penicithn-sireptomycin {Gibeo), The fluorescent
intensity for GFP-HEK cells was analyzed by flow eytometer (BD FACS Calibur, BD
Science, CA). The ((2TYGFP-Cre (addgene #89253) protein were expressed and extracted
from BL21 E.coli, and further purified by Ni-NTA colamn {(Qiagen). Nanoparticle size and
¢ potential were recorded on ZetaPALS particle size analyzer, TEM images wore capiyred

by a FEI Technai Spirit Transmission Eleetron Microscope.
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Lipid Synthesis

{0161] All head amines used for lipid synthesis are commercially available from Sigma-
Aldrich, All the cationic lipidoids INT-O12B~0O18B, NT2-012B~018B, NT3-
QI2B~0188, NTI-ECHe, NTI-CIE, NTI-1E, NT2-EC16, NT2-1E, NT3-EC16, NT3-1E,
306-012B-3, 76-016B) were synthesized according to our previous reports, The crude
product was purified using flash chromatography on silica gel. The 1E taif was synthesized
as shown in Fig. 18A. The phenylboronic acid quaternized lipidoids were svnthesized as
shown in Fig., 18B. NT1-Neu was synthesized as shown in Fig. 18C. The lipid structare
was confirmed using 1H NMR and clectrospray ionization (ESI) MS,

Biodistribution of DIR labelled NT-LNPs in mice brain

{0162] The NT-hpidowds and DiR is dissfoved at a weight ratio of 1)1, together in 100%
ethanol, 100 pb solution was then added dropwise to 300 ul of sedium acetate butfer (25
mM, pH 5.2 and vortexed briefly. Finally, we removed the cthanol in the formalation by
dialysis against diH20 (MWCO 35 kDa, ThermoFisher) for 12 h. Then the DiR-labelled
LNPs were intravenously injected into BALB/C mice (female, 6 weeks age). After | hour,
miice were anesthetized and perfused with saline. Afterward, mice brains were coliected,
The fTooresceni signals distribution was visuatized using the Spectrum CT Biophotonic
Imager (PerkinElmer, Boston, MA).

Preparation of AmBNT-lipidoid nanoparticles formilations

{0163] The AmB encapsulales were prepared according to our previous report.3 Briefly, 1
nig cach lipidoid (solid) was mixed with 1 mg AmB in 300 gl Dimethyl sulfoxide
{DMSO). The mixtares were sonicated for 30 min and then vortexed for 10 min untdl
completely dissolved. The solution was added drop wise to a glass bottle containing 600 ul.
sodinm acetale buffer {pH 5.0) with continuous homogenization at 700 rpm. The sotutions
were further diglyzed against distilled water 0 remove DMSO and non-encapsuldated AmB
using dialvsis tubing (MWCO 33 kD) overnight.

Chargcterization of AmBNT-Hipidoid nasoparticles fornndations

[0164] The particle sizes and polydispersity index (PDI) of all encapsulates were measured
using dynansie light scatiering (DLS). { potential were recorded on ZetaPALS particle size
analyzer. The DLCs of AmB were calculated according to to our previous report,3 TEM

-4
s

images were captured by & FEI Technar Sputt Transmission Efectron Microscope.
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Statistical Anglvyiy

{0165] Statistical analysis was performed using one-way analysis of variance (ANOVA)
followed by the Turkey-Kramer muliiple comparison test for more thar two groups.,
Student £-test were used for comparing two groups using Prism {(v.&, {raphPad Software,

La Jolla, CA), Values of p<0.05 were considered as significance.

NTipidoids svarhesis and BBB-permeability study of the NT-ILNPs

{0166} Neuwrotransmiiters tryptamine, phenethylaniine, and phenylethanolamine were
selected as the structural basis of the synthetic Hipidoids, The NT-lipidoids were synthesized
through Michael addilion between the primary amine of the neurotransmitiers and acrylate-
containing hydrophobic tails in glass vials at 70 °C for 48 h (Fig. 1B}, using an approach
sintilar to owr previously published contbinatorial lipid library synthesis strategy. The resuli
15 a combinatonal library of NT-hipidoids, cach containing one particular neurotransmitter
as the head group, and one particular bioreducible hydrophobic structure as the tail group,
The NT-lipidoids were named “NTn-Ofx]B” {n=1, 2, 3}, where NT1 is iryptamine, NT2 is
phencthylamine, NT3 is phenyvicthanolamine, and O[x1B represents the bioreducible
hydrophobic tail where [x] indicates the manber of carbon aioms 1 the hydrophobic tail of
the acrylate shown in Fig. IB. For example, NT1-Q128B indicates a lipidoid containing a
tryptamiine head group, and a hydrophobic (ail group containing 12 carbon atoms, All the
NT-lipidowds were parified using flash chromatography and characterized by ESI-MS (Fig.
8). The resulting NT-lipidoids are amphiphilic, and thus are ¢apable of seli~assembly into
either raicelles or liposomes when prepared in aqueous solution, Dynamic Light Scattering
(LS} and Transmission Eleetron Microscopy (TEM} of the NT-lipidoids indicated that

these stractures indeed self~assembled into spherical liposome-like structures (Fig. 6.

Table 1. MS Values of the NT-Derived Lipids Syathesized
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{0167} Whether these NT-lipidoids can cross the BBB upon systemic intravenous delivery,
using a fluorescent dye (DiR) as a model cargo was further studied. Hydrophobic small
molecules such as DIR can partition inte the hydrophobic region of miicelles and liposomes
and have often been ased o track the biodistribution of these structures. To tornudale the
DiR-loaded NT-lipidoids, the NT-lipidoid and DiR were mixed in ethanol ina 1071 {(wiw)
ratio, added the mixture dropwise to sodium acetate baffor (23 M, pH 5.2}, and then
removed the ethanol through dialvsis, The DiR-loaded NT-lipidoid nanoparticle solution
was injected into mouse via tail vein injection, After 1 h, the animals were sacrificed and
perfused with saline. The skull was removed, and the brain was imaged using an VIS
imaging device (PerkinElmer) at the excitation wavelength of 750 nm.

j0168] As shown in Fig. 1C, strong DIR fluorescence signal is observed in the mouse brain
treated with DIRANT H-lipidoid nanoparticles, compared to the mouse brain treated with
DIRNT2ipidoids and DiIRANT3-Hipidoids where the Huorescent signal was very weak, Htis
also observed that length of the aliphatic tail chain significantly influenced the observed
(Tuoreseent intensity, with NT1-lipidoids containing a shorter aliphatic chan length
resulting in a greater fluorescence intensity {Fig. 7). There is no significant difference of the
physical propertics, such as hydrodynamic sizes, polydispersity index, zela potential, and
morphologics between these NT1 derived lipidoids (Fig, 6).

{0169} It is hypothesized that doping NT1-lipidoids such as NT1-012B into other BBB-~
impermeable lipid formulations led to the resulting lipid formaulation erossing the BBB. The
previousty published syathetic lipids, 76-016B, EC16-80, and 113-016B, were used to test
this ability to deliver IiR to the brain, It is found that none of these {ipids were effective in
delivering the DiR into the mouse brain by themselves, however, after doping these lipids
with the NT1-012B, strong DiR signals could be observed in the mouse brain {Fig. 8).
J01760] The chemical structure of NT1 is based on the neurotransmitter dimethyltryptamine
which has been reported to cross the BBB by active transport across the endothelial plasma
membrane.” I is hypothesized that our results are also driven by active transport, and that

changes in the chemical structure of the NT1-lipid would modulate its ability to cross the
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BBB. We hypothesized specifically that the tonizability of the g-amine in the ryptamine
{(NT1) after the liptdization is an important (actor for the derivatives to cross BBB. To
verify this hypothesis, a series of NT1 dertvatives with different linkers were synthesized,
as shown in Fig. 9. The DR signals were observed from the mouse brain treated with all
NTI derivatives except NTi-neu. In NTl-ncu, the a-amine in the tryptamine is commected
through an anide bond, not ionizable, while the e-annve in other NT1 derivatives are all
tonizable. Further, no strong DiR signals were observed from the mouse brain treated with

NT2 and NT3 derived hipidoids with any linkers.

Delivery of small molecule AmB into the mouse brain

{01711 As shown above, NT1 derived hipidoids are identified 1o be able to deliver a
kydrophobic dye (DiRY} into brain, either when used alone or when doped into other LNPs.
Delivering therapeutically relevant hydrophobic drug molecales into brain was examined
using these NT1-derived lipidoids. Amphotericin B {AmB) was chosen as a model drug.
AmB is a classic polyene antifungal drug and 1s the gold standard for the freatment of
severe svstemie fungal infections. However, it cannot be used clinically for the treatment of
brain fungal infections due to its BBB-impermenbility, Recently, AmB was formulated in
svithetic lipidoid nanoparticles and conducted a thorough PK and biodistribution study of
the AmB formulations using traditional synthetie lipid nanoparticles, but in that study none
of our lipid nanoparticles were capable of permeating the BB to deliver AmB into the
mouse brain.*’

{0172] AmB was encapsulated in puve NT1-lipidoids (namely NT1-0128, NT1-O14B,
NT1-0168, and NT1-O188} using a procedure simyilar to the DIR encapsulation. The AmB
toaded NT1-lipidoid nanoparticles were injected tnto mice via tail vein at a dose of 3 mg'kg
AmB per mousa, After 24hr, animals were sacrificed, and the brainy were harvested,
perfused with saline, and homogenized. The AmB concentration in brain tissue was
quantified using HPLC (detailed methods are in SI), As shown in Fig. 19, the AmB
concertration in the brain tissue of all the four groups was around 150 ng'g tissue. Notably,
w our previous report, AmB was undetectable in the brain after systemic delivery with
traditional synthetic lipidoids, indicating the NT1-lipidoid fornulations enhanced the AmB
delivery to the mouse brain,

[0173] However, the AmB formulated in NT-lipidoid formulation showed opague solution

(Fig. 11A), indicating the large size of the particles in the solution, DLS results (Fig. 11B,

3
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Fig. 12) showed that the nanoparticles are in range of 750-800 nm in diameter. It is
hypothesized that making NT1-lipidoid nanoparticle smaller may help improve the brain
delivery efficiency. In the previous repost, it is found that the quaternized hipidoids
provided stable AmB formulation with smaller particle size, comparing with the non~
quaternized lipids.™ Thus, it is hypothesized that doping a quaternized lipidoid with NT1-
fipidoid roay resalt in a smaller nanoparticle size while maintaining or improving the ability
to penetrate the BBB.

{0174} Here a new phenylboronic acid quaternized lipidomd was synthesized, PBA-Q76-
0168 (Fig. 2A) for AmB encapsulation, NT1-0128 was chosen as the dopant {or enhanced
brain delivery since if showed the highest DiR fluorescence intensity (Fig. 1C) among ail
NT lipidoids, The AmB was formulated in the mixture of NT1-012B and PBA-Q76-016B,
with the two lipidoids mixed al different weight ratios (7:3, 5:5, 3.7, 1.9, and pure PBA-
Q76-0168). As shown in Fig. 2B, the Aml3 encapsulates gradually became homogenous
transparent vellow solution with the increasing percentage of PBA-Q76-016B lipidoid in
the formulations. The hydrodynamic sizes also decreased from 8060 nm to 100 nm (Fig. 2C,
Fig. 12). Using iR as a cargo, we observed that lipidoids containing NT1-012B and PBA-
Q76-016B8 at a 3:7 {(wiw) ratio provided the strongest fluorescent signal in mouse brain
when compared with all other lipid ratios (Fig. 2D). The fluorescent signal intensity at a 3:7
ratio was 4.5 folds higher than that of brain treated with DiR formulated in pure NT1-012B
(Fig. 13}, The AmB delivery using the mixed lipids was further studied and deternuined the
AmB concentration in the mice brain tissue 24hr after intravenous injection of 3 mg'kg
AmB per mouse. As shown in Fig. 2K, the amoant of AmB detected in the bran increased
ay the doping ratio of PBA-Q76-016B increased from 0% (Le. pure NTH-O12B) to 70%
{1.e. 3:7 ratio) and reached 4 highest concentralion around 300 ng'g, which was about 2
folds higher than pure NT1-0128. When the doping ratio increased further to 90% {i.c.
1:9}, the AmB conceniration was slightly lower, bat was stilt higher than of that treated
with AmB formulated in pure NT1-012B. Thus, the results for AmB delivery closely
matched the results for DiR delivery (Figs. 2D and 2E). Interestingly, without doping with
NT l-lipidoid, the AmB was nearly undetectable in the brain afier intravenous injection of
pure PBA-Q76-016B/AmB. These results showed the key role of NT1 hipidoids in

(acilitating the brain delivery, and the importance of {inding the optimal doping ratio.
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Delivery of mycleic acid Tau-450s into mouse brain for wene knockdown

{01758] The efficiency of the mixed lipidoid formudations for ASO delivery in vitro by
delivering ASQ targeting GFP mRNA to HEK cells stably expressing green Huorescent
protein (GFP) (Fig, 3B) was evalpated. The NT1-O14B alone showed no GFP silencing
ciivet (10:0 ratio tn Fig. 3B), indicating that this lipidoid alone is not effective for
delivering ASO intracellularly. However, GFP silencing was observed when the ASO was
delivered using LNPs containing a mixture of NT1-0148 and 306-012B-3. When the
doping ratio of 300-012B-3 was greater than 30% (t.e. 5:5 weight ratio or more in favor of
306-012B-3), the GFP silencing in GFP-HEK cells was observed, silencing efficiency
increasing as the 306~012B-3 doping ratio mcreased, Scrambled ASO delivered by
Lipofetamne 2000 (LPF 2K} showed no GFP silencing, indicating the GFP silencing was
truly ASO sequence-specific.

{0176] Whether the mixed lipidoid formufation (NT1-O148 and 306-012B-3) could
deliver ASO to the brain and mediate the gene knockdown in vive was then explored. Tau
was chosen as a therapeatic farget and designed ASQ targeting tau mRNA, since ASO-
mediated tau reduction has shown promising results in the treatment off Alzheimer’s disease
{AD) after the local injection of the Tau-ASQO using an intracercbroventricular (ICV)
putmp. 3t

{0177] The sequence of Tau-ASO was chosen according to the published liferature’ and
was synthesized by IDT. Taw-ASO was supphed containing chemical modification with
phosphorothioate groups between each nucleic acid and 2°-O-miethoxvethyl in the 5
nucleotides on the 57~ and 3 -termini of ribose to improve efficacy. To formulate the ASO
for intravenous injection, the ASO with the formulated LNP solution is mixed at a weight
ratio of 113 (ASQ 1o total lipids). Each mouse received five injections of 1 mg'kg ASQ,
with each injection spaced three days apart, The mice were sacrificed four days afler the
fast injection, perfused and the brain tissues were harvested and homogenized to exiract the
total RNA. The total tau mRNA levels were analyred by quantitative PCR, As shown in
Fig. 3C, when ASO was delivered using cither pure NT1-C14B or pure 306-012B-3, no
tan mRNA reduction in the brain tissues was detected. For the mixed lipudoid formulations,
only NT1-014B and 306-012-3 with a w/w ratio of 5.5 and 3.7 displayed tau mRNA
reduction in the brain. These two formulations resulted in ~23% and ~30% mRNA
reduction, respectively. No tan mRNA silencing was observed in the mixed lipidoid

formulaiions in other ratios (l.e. 7:3 and 1:9).
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{0178] To confinm the ASQ delivery resulted in functional knockdown of tag, we also
checked the tau protein level of the ASO freated mice using ELISA (Fig. 3D). Comparing
with the ynireated group, mice treated with Tau-ASO ormudated in NT1-0148/306-012B-
3 {3:7 wiw) showed substantially reduced total tap protein level. Furthermore, seransbied
Tan-ASO was delivered with the best-performing ratios (NT1-Q14B/306-0128B-3 at 3.7
wiw) using the exact same method as that of functional ASQ. As shown, no tau mRNA
silencing effect nor tau protein reduction was detected, demonstrating the tau knockdown is

specifically due to sequence-specilic ASO silencing.

Delivery of GFP-Cre fusion profein for gene recombination in the Aild mouse brain

{01791 GFP fused Cre recombinase was chosen as a model protein for the study, using the
Aild model mouse line (Fig. 4A). The Aild mouse ne contains a flox-stop-flox tdTemato
construet. The successful wtracellvlar delivery of Cre protein into the cells of Aild mouse
feads to the gene recombination and turns on the tdTomato expression which can be directly
visualized as red fluorescence signal without additional staining, Here, (-27YGEFP-Cre
protein was psed. NTI-O14B LNPs doped with PBA-Q76-0168 was chosen, as these

nanoparticles could successfully deliver (-27)yGFP-Cre, The weight ratio of NT1-O14B and
PBA-Q76-0168 was fixed at 3:7, based on the results observed from the AmB and ASO
delivery, Lipid formulations were prepared using the approaches described for the
tornmudation for ASQ delivery. Briefly, the (-27TGEFP-Cre protein was mixed with INPs ata
weight ratio of 1/4 and incubated the solution for 135 min at room temperature before
mtravenous injection. Mice were injocted four times with a dose of 30 pg protein per
injection. Five days after the last injection, the mice were sacrificed and brain tissues were
collected, fixed, and dehydrated. Then the tissues were eryo-sectioned into 15 wm slices and
counter-stained with DAPI {for fluorescence imaging. As shown in Fig. 4B, sirong

td Tomate signals were shserved in multiple regions of the brain, inchuding cerebral cortey,
hippocampus and cercbellum. In contrast, no tdTomato expression in the brain was
observed for the mice Injected with LNP formulations using cither pure NT1-O14B (10:0)

or pure FBA-Q76-0O16B (;10},
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Delivery of different formulation of GEP-Cre fusion profein jor cene recombination in the

Ard menize hrain

{0180] NT1-0O14B was doped into various lipid nanopariicle formulations, including 306-
Q12B, PRBA-QT6016B, DIin-MC3, o investigale the doped LNP formulation for Cre
mRNA delivery inte the brain of Aild mouse through v, injection. The weight ratio of
NT1-014B and the other ionizable lipid {e.g. 306-0128, PBA-Q76016R, Dhin-MC3) s
3:7. To formulate stable LNP, other co-lipids including (1,2-distearovi-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyvethylene glyeol)-2000] (DSPE-PEG2000Y),
cholesterol and DOPE were also included. mRNA encoding Cre recombinase was loaded
into the LNP, and injected in Ail4 mice. The mice were sacrificed at a specilic time point,
and brain tissues were collected, fixed, and dehydrated, Then the tissues were eryo~
scctioned inte 15 um slices and counter-stained with DAPI for fluorescence imaging. The
tdTomato signals were observed 1o multiple regions of the brain, indicating the successful
delivery of Cre mRNA into brain cells with such LNP formulation through svstemic
injection, The fluorescence images of section of At14 mouse brain were shows in Figs.
19A-19N, Figs. 20A-20B, and Figs. 21A-21B. The NT1-014B doped 306-0128 showed
highest brain delivery companng with that doped in PBA-O76016B or Dlin-MC3 LNP.
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OTHER EMBODIMENTS

{0182] Those skilled in the art will recognize or be able to ascortain using no more than
routine experimentation many equivalents to the speeific erabodinents deseribed heretin
The scope of the present embodiments described herein is not mtended to be hmited 1o the
above Description, but rather is as set forth in the appeanded claims. Those of ordinary skill
in the art will appreciate that vanous changes and modifications to this description may be
made without departing fron: the spirit or scope of the present invention, as defined 1o the

following claims.
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We clain

i, A compound of formula ¥
Y oo W RLipid (n,

or a pharmaceutically acceptable salt thereof, wherein

Y is a molety derived from a nowrotransmitter;

W is -NR™. Q- or ~8-;

RHed s independently substituted or unsubstituted Cyo atlkeyl, substituted or unsubstituted
Ciaap atkenyl, subsiituted or unsubstituled Ciaoalknyl, substituted or unsubstiteied
Ciae heteroalkyl, substitated or unsubstituted Chao heteroalkenyl, or substituted or
unsubstituted Crap heteroalknyl; and

R™ is RM™M H, Crg alkyl, Cre alkenyl, or Cra alkynyl,

OH
q £ HD
_ q HO HO
OH
OH HO]@/\)( HOD/'\}{
CHOTNF HOTF 1
1 ,q*
N

2. The compound of claim 1, wherein Y is selected from;

O O ©
w HONDH ©
HO OH
, . and Ao ,
3 The compound of claims 2, wherein Y 1s
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4 The compownd of any one of claims 1-3, wherein W is ~NR* or 8-,
P 3 ,

5, The compound of claim 4, wherein W is -NR*-,

&. The compound of claim 4, wherein Wis ~S-.

7, The compound of claim 1, wherein W is -NR*%, and R*% i RW¢,
8. The compound of claim 1, wherein Y is
ey

\*‘;{J/\k

Wis ~NR™., and

R;’:{l is Rll.ipid

9, The compound of any one of claims 1-8, wherein RM¥P¢ ig of the stracture:
RIRE
e
n
t

wherein:

cach instance of R! and R is independently -H, -OH, -NHRY™, or -SH:

R* and R are both -H; or RY and R* are taken together to fornt an oxo (=0} group;
Zis -CHa-, -0, -NR-, or -8~

X and Y are independenity -CHa-, -NRY-, -0-, -8-, or -8¢-;

m i3 an integer selected from 1-3;

n 18 an integer selected from 1-14;

pislorl;

q is an integer selected from §-1¢;

tisOorl; and

R is -H, Cisalkyl, Cie alkenyl, or Crg alkynyl.

10.  The compound of claim 9, wherein cach instance of R and R is independently ~H

ar -OH.
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11, The compound of claim 10, wherein R and R® are -H.
12, The compound of claim 10, wherein R is ~H; and R™ is -OH,
13, The compound of any ong of claims 9-12, wherein R and RY arg ~H.

t4. The compound of any one of ¢laims 9-12, wherein R and R” are taken together to

form an oxo {(=O) group.

15, The compound of any one of claims 9-14, wherein Z is <CHa-, <O, or -NR¥-,
16, The compound of claim 185, wheremn Z 18 ~CHz-,

17, The compound of claim 13, wherein Z 13 -O-.

18.  The compound of claim 15, wherein Z is -NR-.

19, The compound of claim 9, wherein R' and R? are -H, R and RY are taken together
3> > s

to form an oxo (=0} group, and X 15 O,

20.  The compound of claim 9, wherein R is -H, R* is ~OH, R® and R* are -H, and 7 is -

CHa-.

21, The compound of any one of claims 9-20, wherein X and Y are independently ~

CHz- o8 -O-.

22, Thecompound of claim 21, wheretn X and Y are tndependeantly «CHo- or Q-

wheretn X and Y are not the same.

24, The compound of claim 23, wherein X and Y are both -CHp-.
25, The compound of claim 23, wheretn X and Y are both ~8-.

-4

LS )
H
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26, The compound of any one of claims 9-25, wherein m s 1 or 2.
27. The compound of claim 26, whercin m is 1.

28, The compound of clain 26, wherein mis 2.

29, The compound of any one of claims 9-28, wherein n is an integer selecied from 4-

30, The compound of clain 29, wherein n is an integer selected from 614,

31, The compound of any one of claims 9-30, wherein p is 0,

32, The compound of any one of claims 9-30, wherein p is 1.

33, The compownd of any one of claims 9-32, wherein ¢ i3 an infeger selected from 2-8.

34, The compound of claim 33, wherein g is an integer selected from 4-8,

35, The compound of any one of claims 9-34, wherein t 15 0.

36, The compound of any one of claims 9-34, wherein tis 1.

37, The compound of claim 1, selected from the group consisting off

- 44 -
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OH HO

%‘&M
™~
or a pharmaceutically acceptable salt thereol,
38, A lipidoid nanoparticle, comprising a compourd of any one of claims 1-37,
3. The lipidoid nanoparticle of claim 38, firther comprising & protein.

40.  The lipidoid nanoparticle of claim 39, wherein the protein is GFP-Cre.

41, The hipidoid nanoparticle of any one of clams 3840, further comprising a muecleic

acid.
42, The Hipidoid nanoparticle of claim 41, wherein the nucleic acid is Tau-ASQs,

43, The lipidoid nanoparticle of any one of claims 3842, further comprising a smafl

molecule.

44, The lipidoid nanoparticle of claim 43, wherein the small molecule 1s an antifungal
7 Lol

agent or & chemotherapeutic agent,
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45, The lipidoid nanoparticle of claim 43, wherein the small roolecule is selecled from
the group consisting of bortezomib, imatinib, gefitinib, erlotinib, afatinib, osimertinib,
dscomutinib, daunorubicin hydrochioride, cytarabine, Huorouracil, irinetecan
hydrochlonde, vineristing sulfate, methotrexate, paclitaxel, vincristine sulfale, epirubicin,
docetaxel, eyclophosphantide, carboplatin, lenalidonide, ibrutinib, abiratorone acelate,
enzalutamide, pemetrexed, palbociclib, niotinb, everolinaus, ruxolitinib, epirubicin,
pirirubicin, idarubicin, valrubicin, amrubicin, bleomyein, phleomyein, dactinomycin,
mithramycin, strepiozotecin, penlostatin, mitosanes mitomycin C, enediynes calicheamycin,
glycosides rebeecamycin, macrolide lactones epotihilones, ixabepilone, pentostatin,
salinosporanmude A, vinblastine, vincristing, ctoposide, teniposide, vinorelbine, docetaxel,
camptothecin, hycamtin, pederin, theopedering, annamides, trabectedin, aplidine, and

ecteinascidin 743 (ET743).

46, The lipidoid nanoparticle of claint 43, wherein the small molecule is apphotericin B

or doxorubicin,

47.  The hipidoid nanoparticle of any one of claims 38-46, wherein the lipidoid

nanoparticle has a particle size of aboui 28 nm to about 1000 nm.

48.  The hpidoid nanoparticle of claim 47, wherein the hipidoid nanoparticle has a

particle size of ahout 50 nm to about 500 nm.

49, A pharmaceuiical composition, comprising a lipidoid nanoparticle of any one of

claims 38-48; and a pharmaceuntically acceptable carrier or exeipieni.
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FIG. 2 (cont.)
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FIG. 15
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FIG. 15 (cont.)
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FIG. 15 (cont.)
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FIG. 19D
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FIG. 196
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FIG. 19M

FIG. 19N

SUBSTITUTE SHEET (RULE 26)



WO 2021/226092 PCT/US2021/030664
40/41

FIG. 20A

FIG. 20B

SUBSTITUTE SHEET (RULE 26)



WO 2021/226092 PCT/US2021/030664
41/41

SUBSTITUTE SHEET (RULE 26



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2021/030664

A.

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - A61K 9/1075; A61K 9/5153; A61K 47/28 (2021.01)
CPC - AB1K 9/1075; A61K 9/5153; A61K 47/28 (2021.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

see

Search History document

Minimum documentation searched (classification system followed by classification symbols)

see

Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

entire document

see Search History document
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A “|PUBCHEM, SID 399019043, Available Date: 07 December 20189 [retrieved on 30 July 1-5,7.8
2021].,Retrieved from the Internet <URL:
https://pubchem.ncbi.nim.nih.gov/substance/399019043> entire document
A ~ |PUBCHEM, SID 385316719, Available Date: 30 August 2019 [retrieved on 09 June 1-5,7,8
2021).,Retrieved from the Internet <URL:
https://pubchem.ncbi.nim.nih.gov/substance/3853167 19> entire document
A US 2016/0346208 A1 (UNIVERSITY OF SOUTH CAROLINA) 01 December 2016 (01.12.2016) [1-5,7, 8
entire document
P,A WO 2021/022121 A1 (TRUSTEES OF TUFTS COLLEGE) 04 February 2021 (04.02.2021) 1-5,7, 8

D Further documents are listed in the continuation of Box C.

D See patent family annex.

*
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“p”
“E"
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“o”
“p»

Spccial categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which
is cited to establish the f‘{)ubhcsmon date of another citation or other
special reason (as specified)

documentreferring to an oral disclosure, use, exhibition or other means
document published prior to the intemational filing date but later than
the priority date claimed

T

oy

wyn

agn

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed inventi_on cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

05 August 2021

Date of mailing of the international search report

SEP 02 2021

Mail
P.O.

Fac

Name and mailing address of the ISA/US

Stop PCT, Attn: ISA/US, Commissioner for Patents
Box 1450, Alexandria, VA 22313-1450

simile No. 571-273-8300

Authorized officer

Harry Kim

Telephone No. PCT Helpdesk: 571-272-4300
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Iz Claims Nos.: 9-36, 3849
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. I:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-5,7, 8

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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Continued from Box No. Il Observations where unity of invention is lacking

Claims 1-5, 7, and 8 have been analyzed subject to the restriction that the claims read on a compound of formula |, wherein Y is a
moiety derived from a neurotransmitter, wherein the moiety is the first shown moiety in claim 2; W is — NR20-, wherein R20 is RLipid2,
wherein RLipid2 is the structure as shown in claim 9, wherein R1 and R2 are absent, R3 and R4 are both ~H, Zis —CH2-, X and Y are
independently —CH2-, mis 1, nis 1, pis 0, qis 1, and tis 0; and RLipid1 is substituted C1 alkyl, wherein substituted C1 alkyl is methyl
substituted by one chloro, as indicated in the current specification, PCT/US21/30664, Paras. [0108], [0124], or a pharmaceutically
acceptable salt thereof.

Claims 1, 7, and 9 are objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claims 1, 7, and 9 are
indefinite for the following reason(s):

Regarding claims 1, 7, and 9, the claims recite the variable "RLipid"; however, claims 1 and 9 recite two differing definitions for the single
variable "RLipid", which is improper. For the purposes of the Written Opinion proposed and herein, RLipid in formula(l) in claim 1 is
analyzed as RLipid1 and the second RLipid associated with R20 in claim 1 is analyzed as RLipid2, as best interpreted.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |+: claims 1-8 and 37 are drawn to compounds of formula |, or a pharmaceutically acceptable salt thereof.

The first invention of Group I+ is restricted to a compound of formula |, wherein Y is a moiety derived from a neurotransmitter, wherein
the moiety is the first shown moiety in claim 2; W is — NR20-, wherein R20 is RLipid2, wherein RLipid2 is the structure as shown in claim
9, wherein R1 and R2 are absent, R3 and R4 are both —H, Zis — CH2-, X and Y are independently — CH2-, mis 1,nis 1,pis 0, qis 1,
and tis 0; and RLipid1 is substituted C1 alkyl, wherein substituted C1 alky! is methyl substituted by one chloro, as indicated in the
current specification, PCT/US21/30664, Paras. [0108), [0124), or a pharmaceuticaily acceptable salt thereof. It is believed that claims
1-5, 7, and 8 read on this first named invention and thus these claims will be searched without fee to the extent that they read on the
above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a compound of formula | wherein Y is a moiety derived from a neurotransmitter, wherein the
moiety is the second shown moiety in claim 2; W is - NR20- wherein R20 is RLipid2, wherein RLipid2 is the structure as shown in claim
9, wherein R1 and R2 are absent, R3 and R4 are both —H, Zis — CH2-, X and Y .are independently —CH2- mis1,nis1,pis0,qis 1,
and tis 0; and RLipid1 is substituted C1 alkyl, wherein substituted C1 alky! is methyl substituted by one chioro, as indicated in the
current specification, PCT/US21/30664, Paras. [0108], [0124], or a pharmaceutically acceptable salt thereof. Additional formula(e) will be
searched upon the payment of additional fees. Applicants must specify the claims that read on any additional elected inventions.
Applicants must further indicate, if applicable, the claims which read on the first named invention if different than what was indicated

above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the “ +“ group(s) will resultin
only the first claimed invention to be searched/examined.

The inventions listed in Groups |+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups |+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables Y,
W, RLipid1, and accordingly these groups lack unity a priori.

Additionally, even if Groups I+ were considered to share the technical features of a compound having the core structure of Formula |,
these shared technical features do not represent a contribution over the prior art as disclosed by the publication entitled “ SID
385316719 * by PubChem (hereinafter, * PubChem " ).

PubChem teaches a compound having the core structure of Formula | (Pg. 2, compound as shown).

The inventions listed in Groups 1+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.

Form PCT/ISA/210 (extra sheet) (July 2019)
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