AMINO ACID-PEPHIDE-AND POLYPEPHDE-LIPIDS;
ISOMERS,-COMPOSITIONS - AND-USES FTHEREOE DERIVATIVES
FUNCTIONALIZED ONTHE N-TERMINAL CAPABLE OF FORMING DRUG
ENCAPSULATING MICROSPHERES

Related Applications
[0001] The present application claims priority under 35 U.S.C. § 119(e) to U.S.
provisional patent application, U.S.S.N. 61/552,423, filed October 27, 2011, which is

icorporated herein by reference.

Government Support

[6002] This invention was made with government support under Grant No. R37
EB000244 awarded by the National Institutes of Health. The government has certain rights
in this invention.

Background of the Invention
[0003] The ability to silence genes via RNA interference (RNA1) was reported by
Mello and Fire in 1998. Sce Fire et al., Nature {1998) 391:806-811. Since then, scientists
have rushed to take advantage of the enormous therapeutic potential driven by targeted gene
knockdown. This is evidenced by the fact that the first report of small interfering RNA
(siRNA) mediated RNAI in human beings was reported only twelve years after the
phenomenon was described in Caenorhabditis elegans. See Davis et al., Nature (2010)
464:1067-1070. It is well understood that development of genetic drugs is slowed by the
inability to deliver nucleic acids effectively in vivo. When unprotected, genetic material
injected into the bloodstream can be degraded by DNAases and RNAases, or, if not degraded,
the genetic material can stimulate an immune response. See, e.g., Whitehead et al., Nature
Reviews Drug Discovery (2009) 8:129-138; Robbins ef al., Oligonucleotides (2009) 19:89-
102. Intact siRNA must then enter the cytosol, where the antisense strand is incorporated into
the RNA-induced silencing complex (RISC) (Whitehead supra). The RISC associates with
and degrades complementary mRNA sequences, thereby preventing translation of the target
mRNA into protein, i.e., “silencing” the gene.
[00064] To overcome difficulties in delivery, nucleotides have been complexed with a
wide variety of delivery systems, including polymers, lipids, inorganic nanoparticles and
viruses. See, e.g., Peer ef al. Nature Nanotechnology, (2007) 2:751-760. However, despite
promising data from ongoing clinical trials for the treatment of respiratory syncytial virus and

liver cancers (see, e.g., Zamora et al., Am. J. Respir. Crit. Care Med. (2011) 183:531-538),



the clinical use of siRNA continues to require development of safer and more effective
delivery systems. Toward this end, numerous lipid-like molecules have been developed
including poly B-amino esters and amino alcohol lipids. See, e.g., PCT Application
Publication Nos. WO 2002/031025; WO 2004/106411; WO 2008/011561; WO 2007/143659;
WO 2006/138380; and WO 2010/053572. Amino acid, peptide, polypeptide-lipids (APPL)
have also been studied for a variety of applications, including use as therapeutics,
biosurfactants, and nucleotide delivery systems. See, e.g., Giuliam et al., Cellular and
Molecular Life Sciences (2011) 68:2255-2266; Ikeda et al., Current Medicinal

Chemistry (2007) 14: 111263-1275, Sen, Advances in Experimental Medicine and

Biology (2010) 672:316-323; and Damen et al., Journal of Controlled Release (2010)
145:33-39. However, there continues to remain a need to investigate and develop new APPL
systems with improved properties, such as new and improved APPL nucleotide delivery

systems.

Summary of the Invention
[0005] Described herein are inventive compounds and compositions characterized, in
certain embodiments, by conjugation of various groups, such as lipophilic groups, to an
amino or amide group of an amino acid, a linear or cyclic peptide, a linear or cyclic
polypeptide, or structural isomer thereof, to provide compounds of the present invention,
collectively referred to herein as “APPLs”. Such APPLs are deemed useful for a variety of
applications, such as, for example, improved nucleotide delivery. The subject matter is as
defined in the independent claims 1, +42, 3621, 5240, 6042, 78.-80;-and 8243, and their

dependent claims.

[0006] Exemplary APPLs include, but are not limited to, compounds of Formula (1),
(ID), (1), (1V), (V), and (V1), and salts thereof, as described herein:
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Claims

1. A compound of Formula (I11):
2 1
R\ R
N_
o To
_N\
{ 2
RELR Jeam
or salt thereof;
wherein:
pisl;
Qis O

each instance of R' is independently hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, or a group of formula (iv);

provided at least one instance of R’ is a group of formula:

L is independently an optionally substituted alkylene, optionally substituted
alkenylene, optionally substituted alkynylene, optionally substituted heteroalkylene,
optionally substituted heteroalkenylene, or optionally substituted heteroalkynylene;

R® and R” are each independently hydrogen, a nitrogen protecting group, or a group of
formula (i) or (i1);

each instance of R? is independently hydrogen, a nitrogen protecting group, or a group
of the formula (i) or (i1);

formula (i) and (i1) are:

RLB—YR’P R! XRE
= —
A S
o R (i)

wherein each instance of formula (i) is independently formula (i-a) or formula (i-b):

RS R R
‘%YRP Q‘YRP
: :

R Rt
(i-a) (i-b);

each instance of R" is independently hydrogen or optionally substituted alkyl;
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X is O, S, or NR¥, wherein R™ is hydrogen, optionally substituted alkyl, or a nitrogen
protecting group;

Yis O

R’ is independently hydrogen or an oxygen protecting group; and

R" is independently optionally substituted Cgooalkyl, optionally substituted Ce.
soalkenyl, optionally substituted Cgopalkynyl, optionally substituted hetero Cgppalkyl,
optionally substituted hetero Cgooalkenyl, or optionally substituted hetero Cgppalkynyl,
wherein:

optionally substituted refers to a carbon atom of a group which is unsubstituted or
independently substituted with halogen, ~CN, ~NO,, ~Ns, ~SO,H, —~SO3H, ~OH, ~OR™, ~
ON(R™),, ~N(R™),, -N(R™);"X", -N(OR™)R™, -SeH, -SeR™, —SH, —-SR™ —SSR®, —
C(=0)R™, ~CO,H, ~CHO, ~C(OR**)5, ~CO.R™, ~OC(=0)R™ ~OCO,R™ ~C(=0)NR"™),, -
OC(=0)N(R™),, -NRP**C(=0)R™, -NR"®CO,R™ ~-NR®C(=0)N(R™),, ~C(=NR"R*, —
C(=NR"OR™, ~OC(=NR"™R™, —~OC(=NR*)OR™, ~C(=NR™IN(R"),, ~OC(=NR"*)N(R"),,
~NR"CENRPINR™),, ~C(=0)NR™PSO,R™, -NRPSO,R™, ~SO,N(R™),, ~SO,R™, —
SO,0R™, ~0SOR™, —S(=0)R™, —OS(=0)R™, —Si(R™)s, —OSHR™)3 ~C(=S)N(R"™),, —
C(=0)SR™, ~C(=S)SR™, —~SC(=S)SR™, ~SC(=0)SR™, ~OC(=0)SR™, -SC(=O)OR™,
SC(=O)JR®, ~-P(=0);R™, <OP(=0)2R", ~P(=0)(R")z, ~OP(=0)(R"), ~OP(=0)(OR*), -
P(=0)2N(R )2, ~OP(=0);N(R™)z, ~P(=O)(NR ")z, ~OP(=O)(NR™)z, ~NR"P(=0)(OR*)z, ~
NR™P(O)(NR "), ~P(R*)z, —P(R™)s, ~OP(R*)s, “OP(R*)s, ~B(R "), -B(OR*), -
BR¥(OR®), Ciso alkyl, Cy 50 alkenyl, Co_so alkynyl, Cs.4 carbocyelyl, 3—14 membered
heterocyclyl, Cq14 aryl, and 5~14 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyelyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 R™ groups; or two geminal hydrogens on a carbon atom are replaced with the group =0,
=5, =NN(R™),, =NNR"’C(=0)R*, =NNRC(=0)OR™, =NNR*S(=0),R®, =NR"™, or
=NOR®;

refers to a nitrogen atom of a group which is unsubstituted or independently
substituted with OH, ~OR™, ~N(R*),, ~CN, ~C(=0)R™, ~C(=O)N(R*),, ~CO,R™, ~SO,R™,
~C(=NR"R® —C(=ENROR™, ~C(=NR©)N(R),, —SON(R®),, ~SO,R, ~SO,0R™, -
SOR™, ~C(=S)N(R*), ~C(=O)SR, ~C(=8)SR™, -P(=0)R", “P(=O)(R™), ~P(=O1:NR "z,
~P(=0)NR"),, Cy_sp alkyl, Cy.s0 alkenyl, Cy_sy alkynyl, Cs_yp carbocyelyl, 3~14 membered
heterocyelyl, Cg14 aryl, and 5~14 membered heteroaryl, or two R* groups attached to an N

atom are joined to form a 3—14 membered heterocyclyl or 5—14 membered heteroaryl ring,
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wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyelyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R" groups;

each instance of R™ is, independently, selected from Ci_sp alkyl, Cy 50 alkenyl, Ca_so
alkynyl, Czjo carbocyclyl, 3—14 membered heterocyclyl, Ce 14 aryl, and 5-14 membered
heteroaryl, or two R™ groups are joined to form a 3~14 membered heterocyelyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyelyl,
aryl, and heteroaryl is independently substituted with 0, 1,2, 3,4, 0r 5 R groups;

each instance of R™ is, independently, selected from hydrogen, ~OH, ~OR™, —
NER )z, —-CN, ~C(=0)R*, ~C(=O)N(R*)y, -CO,R™, ~SO,R™ —C(=NR*)OR®, ~
C(ENRFIN(R™), ~SON(R),, ~SO,R*, ~SO,0R, ~SOR™, ~C(=S)N(R*"),, ~C(=0)SR, —
C(=8)SR*, -P(=0),R™, —P(=0)(R™)z, P(=0),N(R*)z, ~P(=0)(NR®);, C, s alkyl, Css50
alkenyl, Ca_s50 alkynyl, C;5_jy carbocyclyl, 3—14 membered heterocyclyl, Ce14 aryl, and 5-14
membered heteroaryl, or two R™ groups are joined to form a 3—14 membered heterocyclyl or
5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyelyl,
heterocyclyl, aryl, and heteroary! is independently substituted with 0, 1, 2, 3, 4, or 5 R
groups;

each instance of R* is, independently, selected from hydrogen, Cy_sp alkyl, Coso
alkenyl, Co_s0 alkynyl, Cs_10 carbocyclyl, 314 membered heterocyclyl, Ce14 aryl, and 5-14
membered heteroaryl, or two R* groups are joined to form a 3-14 membered heterocyelyl or
5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyelyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 3,4, or 5 R4
groups;

each instance of R% is, independently, selected from halogen, -CN, -NO», -N3, -SO,H,
~SO4H, ~OH, ~OR®, ~ON(R™),, -N(R™),, -NR™); "X
, N(OR™)R™ -SH, -SR%, -SSR, -C(=0)R*, ~CO,H, ~CO,R, ~OC(=0)R*, ~OCO,R*, —
CEOINRT,, ~0CE=0INR™),, -NRIC(=0)R*, -NRTCO,R*, -NRIC(=0)N(RT,, -
C(=NRMOR™, ~0C(=NRMR®, ~OC(=NRT)OR™, ~C(=NRIHNRD),, ~OCENRHNERS,, -
NRICENRHNERT),,~NRISO,R®, ~80,N(R ), ~SO,R®, ~SO,0R%, ~0SO,R*, ~S(=0)R%,
~Si(R%)3, ~OSi(R®)3, ~C(=S)N(RT),, ~C(=0)SR*, ~C(=S)SR%, ~SC(=8)SR*, ~P(=0),R*, -
P(=0O)R®),, —OP(=0)R*),, ~OP(=0)(OR),, C_s alkyl, Cy_s; alkenyl, Co_so alkynyl, C3_0
carbocyclyl, 3—10 membered heterocyelyl, Cq_yg aryl, 5~10 membered heteroaryl, wherein
each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroary! is independently
substituted with 0, 1, 2, 3, 4, or 5 R groups, or two geminal R™ substituents can be joined to

form =0 or =§;
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alkynyl, Cs 1o carbocyclyl, Cg.jo aryl, 3—10 membered heterocyclyl, and 3-10 membered
heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R*® groups;

each instance of R is, independently, selected from hydrogen, C|_so alkyl, Cy-50
alkenyl, Cy s alkynyl, Cy_y¢ carbocyclyl, 3—10 membered heterocyelyl, Cgoyo aryl and 5-10
membered heteroaryl, or two R™ groups are joined to form a 3-14 membered heterocyelyl or
514 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R®®
groups; and

each instance of R® is, independenily, halogen, —-CN, -NO,, —N3, —~SOH, —SO3H, ~
OH, —~OC _sg alkyl, “ON(C s alkyl)s, -N(Ci_sp alkyl)s, ~N(Cy_sg alkyl)s X, -NH(C_s0
alkyl), "X, ~NH(C_sp alkyl) "X, -NH; X", =N(OC}..50 alkyl)(Cj_so alkyl), -N(OH)(C.s0
alkyl), -NH(OH), ~SH, -SC_s¢ alkyl, =SS{C,_so alkyl), —-C(=0)}(C,_s; alkyl), —CO,H, —~
COy(C)_50 alkyl), “OC{(=0)}C_s5¢ alkyl), ~OCO(C).5p alkyl), ~C(=0)NHs, ~C(=O)N(C\.sp
alkyl)s, ~OC(=O)NH(C,.50 alkyl), -NHC(=0)( C)_s alkyl), ~N(C_sp alkyD)C(=0O)} Ci_s0
alkyl), ~NHCO»(C_sp alkyl), -NHC(=O)N(C,_s0 alkyl)y, -NHC(=O)NH(C;_s alkyl), —
NHC(=0}NH,, ~C(=NH)O(C,_ss alkyl),~OC(=NH)}(C;_s5¢ alkyl}, -OC(=NH)OC,_s5¢ alkyl, -
C(ENHIN(C s alkyl)o, ~CENH)NH(C -5 alkyl), -C(=NH)NH,, ~OCENH)N(C) .5
alkyl)y, ~OC(INHYNH(C) 50 alkyl), “OC(NH)NH,, -NHCNH)N(C, 55 alkyl)s, —
NHC(=NH)NH,, -NHSO(C).50 alkyl), ~SO.N(C)_s0 alkyl)s, ~SO;NH(C) 50 alkyl), —
SONH,,~S0,Cy s alkyl, —=SO,0C, 5 alkyl, ~OS0,Ci_¢ alkyl, —=SOC_4 alkyl, —=Si(Ci_so
alkyl)s;, ~OS1(Cy alkyl); ~C(=S)N(C_sq alkyl)s, C(=S)NH(C,_5¢ alkyl), C(=S)NHy, —
C(=0)S8(C g alkyl), ~C(=S)SC 4 alkyl, =SC(=8)SC - alkyl, ~P(=0)2(C_5; alkyl), —
P(=0)(C\_sy alkyl)y, ~OP(=0)(C)_s alkyl),, ~OP(=0)(OC;_s¢ alkyl)s, Cy_s0 alkyl, Casg
alkenyl, C; s alkynyl, Cs4 carbocyclyl, Cém}%) aryl, 3-10 membered heterocyclyl, 5-10
membered heteroaryl; or two geminal R®® substituents can be joined to form =0 or =S;

X" is a counterion;

a nitrogen protecting group is —~OH, -OR™ ~N(R*),, ~C(=0)R™, ~C(=O)N(R**),, —
CO,R™, ~SO,R™ ~C(=NR*)R™, ~C(=NR*)OR™ ~C(=NR*“)N(R*),, -SO;N(R"), ~SO,R,
~S0,0R%, —SOR™, ~C(=8)N(R*),, ~C(=0)SR*, ~C(=S)SR*, C|_1g alkyl, Cy1y alkenyl, Cy..
10 alkynyl, Cs_jp carbocyelyl, 314 membered heterocyelyl, Co14 aryl, and 5-14 membered
heteroaryl groups, wherein cach alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl,
aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, 0r 5 R groups; and
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an oxygen protecting group is -R™, -N(R™),, ~C(=0)SR™, ~C(=0)R™, ~CO,R*, —
C=0)N(R"™), -C(=NR"™)R® ~C(=NR™)OR®, ~C(=NR")N(R?),, ~S(=O)R¥, ~SO,R*, —
Si(R™)3 ~P(R™), ~P(R*)3, =P(=0);R™, ~P(=0)(R*)z, ~P(=0)(OR*), ~P(=0);N(R"),, and —
P(=0)(NR"®),.

2. A compound of Formula (III):

2 1
R\ R
N....
Q ‘g—‘Q
.....N\
{ 2
RELR Jeam
or salt thereof’
wherein:
pisl;
Qs O;

each instance of R! is independently a group of formula:

wherein L is independently an optionally substituted alkylene, and

R® and R” are each independently selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, and a nitrogen protecting group, or a group of formula
(i) or (ii);

each instance of R” is independently hydrogen, or a group of the formula (i) or (ii);
and

Formulae (i) and (i) are:

R! R! XRE
Dl
— g ©
R and R’
@) (if)

wherein each instance of formula (i) is independently formula (i-a) or formula (i-b):

2
4
(o)



RL t R
jm’” S}kYRP
% :

(i-a) (i-b);

each instance of R’ is independently hydrogen or optionally substituted alkyl;

X is O, S, NR*, wherein R* is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

Y is independently O, S, NRY, wherein RY is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl, optionally
substituted heteroaryl, or a nitrogen protecting group;

R” is independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl, an
oxygen protecting group when attached fo an oxygen atom, a sulfur protecting group when
attached to a sulfur atom, or a nitrogen protecting group when attached to a nitrogen atom;
and

R" is independently optionally substituted Cezo alkyl, optionally substituted Ce.z0
alkenyl, optionally substituted Cepo alkynyl, optionally substituted heteroCgpo alkyl,
optionally substituted heteroCq.o0 alkenyl, or optionally substituted heteroCg o0 alkynyl;
wherein:

optionally substituted refers to a carbon atom of a group which is unsubstituted or
independently substituted with halogen, ~CN, ~NO,, ~N3, ~SO,H, -SO;H, -OH, —-OR™, —
ON(R™), ~N(R™), -N(R™);"X", -N(OR*)R, -SeH, -SeR™, ~SH, ~SR*, ~SSR*, —
C(=0)R™, —~COzH, —CHO, ~C(OR®), ~CO,R™, ~OC(=0)R™, ~OCO,R™, ~C(=0)NR");, —
OC(=0)N(R™);, -NRPC(=0)R™, -NR™CO,R™, -NR"C(=0)N(R™),, ~C(=NR™)R*,
C(ENRPYOR™, ~OC(=NR™IR®, ~OC(=NR™®)OR™, ~C(=NR™®)N(R™),, ~OC(=NR")N(R),,
~“NRPPC(=NR®)N(R),, ~C(=0)NRPSO,R™, -NR™SO,R™, ~SO,N(R™),, ~SO,R™, —
SO,OR™, ~OSOR™, —§(=O)R™, —OS(=0)R™, ~Si(R™);, —~OSi(R™)s ~C(=S)N(R""},, —
C(=0)SR™, ~-C(=S)SR™, ~SC(=S)SR¥, ~SC(=0)SR™, ~OC(=0)SR*, —-SC(=0)OR¥,
SC(=O)R™, ~P(=0);R", ~OP(=0):R", ~P(=0)(R*)z, ~OP(=0)(R")z, ~OP(=0)(OR™)z, ~
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P(=0)aN(R™),, ~OP(=0),N(R")3, ~P(=0)(NR")p, ~OP(=0)(NR")y, -NR"P(=0)(OR "), -
NR”P(=0)(NR "), ~P(R*)z, ~P(R*)3, ~OP(R*)z, “OP(R*)3, ~BR™)2, ~B(OR")2, -
BR™(OR®), C,_g alkyl, Cy 5 alkenyl, Cy_50 alkynyl, Cs.14 carbocyclyl, 3—14 membered
heterocyclyl, Ce_jq aryl, and 514 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyelyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 RY groups; or two geminal hydrogens on a carbon atom are replaced with the group =0,
=S, =NN(R"™),, =NNR™C(=0)R*, =NNR’C(=0)OR™, =NNR*$(=0),R*, =NR"", or
=NOR®;

refers to a nitrogen atom of a group which is unsubstituted or independently
substituted with OH, ~OR™, —N(R),, ~CN, ~C(=0)R™, ~C(=O)N(R*),, ~CO,R™, ~SO,R™,
~C(=NR"R™, —C(=NR“)OR™, ~C(=NR*)N(R“ ), —SO,N(R*"), —SO,R*, ~SO,0R", —
SOR™, ~C(=8)N(R*),, ~C(=0)SR*, ~C(=8)SR”, ~-P(=0),R*, —P(=0)(R*), ~P(=0)2N(R "),
—P(=OQ)(NR*), Cy_s0 alkyl, Cy s alkenyl, Cy_sp alkynyl, Cs.y¢ carbocyclyl, 3—14 membered
heterocyclyl, Cs14 aryl, and 5-14 membered heteroaryl, or two R™ groups attached to an N
atom are joined to form a 3—14 membered heterocyclyl or 5-14 membered heteroaryl ring,
wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocycelyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2,3, 4, 0r 5 R groups;

each instance of R™ is, independently, selected from Ci_sg alkyl, C,_s5p alkenyl, Cy_sg
alkynyl, C5_y carbocyclyl, 3—14 membered heterocycelyl, Cq_i4 aryl, and 5~14 membered
heteroaryl, or two R™ groups are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, 0r 5 R% groups;

each instance of R" is, independently, selected from hydrogen, ~OH, ~OR™, —
N(R),, ~CN, ~C(=0)R™, ~C(=O)N(R*),, ~CO,R™, ~SO,R™, ~C(=NR*)OR™, —
C(=NR*IN(R),, ~SON(R*);, ~SO,R*, ~SO,0R*, ~SOR™, ~C(=S)N(R**),, ~C(=0)SR*, -
- C(=8)SR*, ~P(=0)R™, ~P(=0)(R*)z, ~P(=0):N(R*)z, ~P(=0)(NR*),, Cis0 alkyl, Cr-50
alkenyl, Cy_5 alkynyl, Cs_j¢ carbocyclyl, 3—14 membered heterocycelyl, Coy4 aryl, and 5-14
membered heteroaryl, or two R®® groups are joined to form a 3-14 membered heterocyclyl or
5—14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyelyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R®
groups;

each instance of R® is, independently, selected from hydrogen, Ci.so alkyl, Cosp
alkenyl, Cy_s0 alkynyl, Cs_1¢ carbocyelyl, 3—14 membered heterocyelvl, Ce_14 aryl, and 5-14

membered heteroaryl, or two R* groups are joined to form a 3—~14 membered heterocyclyl or
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5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R®
groups;

each instance of R% is, independently, selected from halogen, —CN, -NO,, ~N3, —
SO,H, -SO3H, —-OH, ~OR*, ~ON(R™),, -N®R™),, -NRH;" X", ~N(OR®)R”, -SH, -SR%,
SSR*, ~C(=0)R*, —CO,H, -COR™, “OC(=0)R*, <OCO,R*, —C(=0)N(R),, -
OC(=OINR ™), NRIC(=0)R*, -NRTCOR®, NRIC(=ONR™),, ~C(=NRHORY, -
OC(=NRHR, ~OC(=NRHOR*, ~CE=ENRTHNRY),, ~OCENRHNERD,, -
NRICENRHNRD),,-NRAISO,R®, ~SONR™),, ~-SO,R®, ~SO,0R, ~OSO,R®, ~S(=0)R,
~Si(R%)s, ~OSi(R*®);, ~C(=8)NR™,, ~C(=0)SR*, ~C(=S)SR*, ~8C(=5)SR*, —-P(=0),R*, —
P(=0)R*)z, “OP(=0)(R*)s, ~OP(=0)(OR),, Cy-50 alkyl, Cys0 alkenyl, Cy 5o alkynyl, C3 1
carbocyclyl, 3—-10 membered heterocyelyl, Cq_ig aryl, 5~10 membered heteroaryl, wherein
each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently
substituted with 0, 1, 2, 3, 4, or 5 R® groups, or two geminal R% substituents can be joined to
form =0 or =§;

each instance of R™ is, independently, selected from C,_so alkyl, Cy_sq alkenyl, Ca 5o
alkynyl, Cs_qq carbocycelyl, Ceig aryl, 3—10 membered heterocyelyl, and 3—10 membered
heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R*® groups;

each instance of RY is, independently, selected from hydrogen, Cjsp alkyl, Co50
alkenyl, Cy_s alkynyl, Cs_1¢ carbocyclyl, 3~10 membered heterocyelyl, Co-1o aryl and 5-10
membered heteroaryl, or two R” groups are joined to form a 3—14 membered heterocyclyl or
5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R®®
groups; and

each instance of R®® is, independently, halogen, ~CN, -NO,, —N3, ~SO,H, ~SO;H, —
OH, ~OC)_s0 alkyl, ~ON(C.sp alkyl)s, ~N(Cj_sq alkyl)y, —N(C_sg alkyl)s X, ~NH(C s
alkyl); X", ~NHa(Cy_sg alkyl) "X, -NH; "X, -N(OC_sg alky1)(C;_sp alkyl), ~N(OH)(C1_so
alkyl), ~-NH(OH), —-SH, ~SC\..59 alkyl, —SS({C_s¢ alkyl), ~C(=0)(C;.s¢ alkyl), ~CO,H, ~
COL(C_sp alkyl), ~OC(=0)(C_sq alkyl), ~OCO(C)_s; alkyl), ~C(=O)NHs, ~C(=0)N(C;_s50
alkyl),, ~OC(=O)NH(C,.s¢ alkyl), -NHC(=0){ C_50 alkyl}, ~N(C\-s0 alky)C(=0)( Ci-50
alkyl), -NHCO,(C)_50 alkyl), -NHC(=O)N(C _sp alkyl),, ~-NHC(=O)NH(C,_sy alkyl), —
NHC(=0O)NH,, ~C{=NH)O(C_s; alkyl),-OC(=NH)(C\_s5q alkyl), ~OC{(=NH)OC,_ 5 alkyl, —
C(=NHIN(C s alkyl)n, —C(=NH)NH(C\_5 alkyl), -C(=NH)NH;, ~OC(E=NH)N(C -5
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alkyl)y, ~-OCINHINH(C,_s5p alkyl), “OC(NH)NH,, ~-NHC(NH)N(C (_s¢ alkyl)s, —
NHC(=NH)NH,, -NHSO,(Crosp alkyl), =SO,N(C)sp alkyl)s, ~SONH(C .50 alkyl), -
SO;NH3,~-S0,Cq_sp alkyl, ~SO,0C 59 alkyl, ~0S0,Cy_¢ alkyl, -SOC;_¢ alkyl, ~Si(C)s0
alkyl)s, ~OSi(Cy.¢ alkyl); ~C(=S)N(Ci_sg alkyl)y, C(=S)NH(C,_s; alkyl), C(=S)NH,, —
C(E=O)S(Ci alkyl), —~C(=8)SC ¢ alkyl, —=SC(=8)SC,_4 alkyl, —-P(=0),(C,_s¢ alkyl), —
P(=0)(C,_sp alkyl)y, —~OP(=0)C_s0 alkyl)s, “OP(=O)(OC,_s¢ alkyl)a, Cys0 alkyl, Coso
alkenyl, Co sy alkynyl, Cs g carboeyelyl, Cqyo aryl, 3—10 membered heterocyclyl, 5-10
membered heteroaryl; or two geminal R® substituents can be joined to form =0 or =S;

X is a counterion;

a nitrogen protecting group is ~OH, ~OR™, -N(R*),, ~C(=0)R™, ~C(=O)N(R**),, -
COR™, ~SO.R™, ~C(=NR*)R™, ~C(=NR*)OR™, ~C(=NR*“)N(R )5, ~SO:NR" )2, ~SO,R*,
~SO,0R%, ~SOR™, ~C(=S)N(R*)2, ~C(=0)SR*, ~C(=S)SR™, C}_10 alkyl, Cyy¢ alkenyl, Co.
10 alkynyl, Ca_jp carbocyclyl, 3—14 membered heterocyelyl, Cq.14 aryl, and 5-14 membered
heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyelyl, aralkyl,
aryl, and beteroaryl is independently substituted with 0, 1, 2, 3,4, or 5 R groups; and
an oxygen protecting group is —R™, ~N(R™®),, ~C(=0)SR®, ~C(=0)R*®, ~CO,R™, —
C(=0)NR™),, —C(=NR™IR™, ~C(=NR")OR™, ~C(=NR"")N(R""),, -S(=0)R™, ~SO,R™, —
Si(R™)s, ~P(R%)y, ~P(R)3, ~P(=0),R™, ~P(=0)(R™)y, ~P(=0)(OR*)s, ~P(=O)NR ™)y,
and -P(=O)(NR"™),.

3. The compound of claim 1 or 2, or salt thereof, wherein at least one instance of R? is
hydrogen.

4. The compound of claim 1 or 3, or salt thereof, wherein each R' is a group of formula
(iv).

5. The compound of any one of claims 1 and 3-4, or salt thereof, wherein L is an

optionally substituted alkylene.

6. The compound of any one of claims 1 and 3-5, or salt thereof, wherein the group of

formula (iv) is of formula:



wherein q is an integer between 1 and 50, inclusive,

7. The compound of any one of claims 1-6, or salt thereof, wherein the group of formula

(i) 1s a group of formula (i-a):

R R
_}L\(RP
é

o
(i-a)

8. The compound of claim 7, or salt thereof, wherein the group of formula (i-a) is a

-oup of formula (i-al):

RY R
A?‘;YRP
?

-
(i-al)

L

9. The compound of claim 7, or salt thereof, wherein the group of formula (i-a) is a
group of formula (i-a2):
R: R
EfYRP
< R‘ ‘
(i-a2)

10.  The compound of any one ojf claims 1-6, or salt thereof, wherein the group of

formula (i) is a group of formula (i-b):

11, The compound of claim 10, or salt thereof, wherein the group of formula (i-b) is a
group of formula (i-b1):
R!
YRP

RTRY (b,



12. The compound of claim 10, or salt thereof, wherein the group of formula (i-b) is a

group of formula (i-b2):

R” Rt
(i-h2)
13.  The compound of any one of claims 1-12, or salt thereof, wherein R” is optionally
substituted Cg.op alkyl.
14. The compound of claim 13, or salt thereof, wherein R" is unsubstituted Ce.aoalkyl.
15. The compound of any one of claims 1-14, wherein the compound is of formula:
R
|
L
HN
o] O
6
R\ NH
N—L
R’ (I11-c2)

wherein R® is a group of formula (i) and R” is a group of formula (i).

16.  The compound of any one of claims 1-13, wherein the compound is of formula:

R%. R’

—1

R (Il1-c2)

wherein R® is a group of formula (ii) and R is a group of formula (ii).

17. The compound of claim 1, wherein the compound is selected from the group

consisting of:



HO CgHy
7 -
¥ . HO GeHior
i\ . 9 - HO
. t——\ o CioHoy- -
Oi 0 d ‘b\ g
__N\ © ° © |
) g RN\ :gk O
] ] p’ R‘ R2 N
HO\__C”Hzgw - i - ) \Rz
]”\ R HO, CizHas- - H ] ]
N- 5“\ R! O\.C”HW |
O:< O d l»\ R1
™ :g ’ ’
R1 RZ ™ ’
] Jp’ RS \R2 /““'N
i I R‘l \RQ J
HO Cy4H 2 ”
297 -
MR CSHT?—O{W
N | |
O R
O g
wN O
5 R Rz
0 ﬂ -
CgHyg—0O ~
.
N.....
Oi Q
;N
R? \RZ
CqgH 4 * »
1oHp—
gHz—0 - . /
o CiHag—
N~ 1 |
O:g‘ O g
_N O -
L L R |
E Rz
L e
. O
12M25—0 - 1 7
o CvsH;z?“‘O«\ -
O . g
O N’Vg:
...‘N O
L Je R |
R2
L g
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R'] R2

H 2 H P
CqqHaa—N T C12H25"‘“N“< .
-\ R
N- NA
O C 0 A&:O
ﬂN\ “N\
R‘I i RZ ] p’ R1 i R2 |
H % H /O
CygHar—N - T Crabpg—N-—H - -
q R?
N- N~
o) O 0 O
—N\ “N\
R' | R? Je. R" | R® ]
and salts thereof,
wherein:
pis 1; and
R'is-H ,-CHs. ~CH(CHs),, -CH(CH3}(CH,CHs), -CH,CH(CH;)s,
NH A
N /R6 HA = N
R N/ R®




H K@
S\) ORG or RG’

RS and R” are each independently hydrogen, or a group of formula (i) or (ii);

wherein:

provided that at least one instance of R® and R’ is a group of the formula (1) or (ii);
and

provided at least one R' is a group of formula:

' o
NJ\N’RB o N/Rs
H I N AN |

r7 , R7 \RG’ =% RB» or Rr7 ’

18.  The compound of claim 1, wherein the compound is selected from the group

consisting of!



A

C1oH21\2

-~

N‘ﬁ//CmHm

OH

HO
012H25\\>
N _CioHzs
OH )
FQ\
N i
O
o
C'IEHQ{\/\..-MN
Ho— Y
\<\"513H27
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HO

CigHpg~_¢
N~ _Ciallg
OH
2
R\ -
|
ol
!
|
dp
9
O""CeH—ﬂ
\
O
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2
R\
N
O
O>\,_/” :
Cqug""O
O
O\
CgHyg
Q
CipHg—0

CoHag—0
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CqiHzp—0

Q

CagHys—0

Crabigr—C




H
CgHyy—N

0,
Cghyp—NH
Q
CQH 1g“‘*NH
=)
HN
\
Cehig
H 9]
CagHa—N

¢

Captlpr—NH Coqtgs—NH

HN\
CyqHas




v O
q 9 Cyatpy—N
O ygbhps—N 137
N N HN-CyoH
1*«““‘“012**25 M e
2
R\N o o]
i
0= o o)
N :
R, Ie
] N OV—N\
ngHz{,""NH ? Cl3H27»_NH
N
/««-O 8]
HN\ HN\
Cgtgs , Cighyy R
"Iy
CoygHpy—N
Q
Caghizg—NH
=0
HN\
CyqHag

and salts thereof, wherein pis 1.

i9.  The compound of claim 1, wherein the compound is selected fi

consisting of?
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OH
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<y N
HO o]
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N/\{/OH
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HO ,
OH
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N
Gtz L
NH
HN
O

H
Cghyr ety

HO

N Ot

Caftton = Gofhs

HO

(o=

Caphiane
i Ciha

HO



OH OH

<11H23 <11H23

N
HO T 0 Ho TN 0
CyiHas CiqHas
NH CoHnr” NH
HN HO N k
O (6]
N/YOH N OH
Cy4H CiqH
“ 23% CqqHas " 23% CyiHys
HO i HO ,
OH OH
C12H25 [ C1ZH25
/{\/N N
HO 0 HO T~ \/\} 0
C<2H25 C12H25
NH OM NH
CyaHpg
O 0]
N/w/OH N/YOH
CqoH Cyot
2 25Y/ C12H25 12 25% C12H25
HO , HO
OH OH
%}13?“!27 K(,:‘!GHZ?
N
HO T~ 0 HO TN
C13H27 C'13M27 i
NH Coakzy NH
HN Ho)\/N
(0] O
Nﬂ/OH SN OH
CyaH Coygh
" zyw) CiaHay " 2?7// CaaHzy
HO HO
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OH OH
<14H29 <14H29

HO/]\/N 0 HO/F\/N Q

CigHzg CyaHgg
NH Cobny” NH

o P!
HO
o) o) i
OH /YOH

N/\r N
(e CH
14 QQV// Cuake 14 29»// CocHhe
HO , HO
(312}'*\25
0. NH
N
O
o NH
HN HN
\
CizHas
O
O
N/\/[LN/Cmst
(A o
N/cmst
H ,
O OH O
HN\W
j/Co]on O :rC‘IUHZE
Czo“m CmHm
cKG-E12 cKT.E12
OH OH



NH WLNH
HN HN

HO
@] HO]/Cmng O HO]/CmHZ';
N N
CioHz4 CioHas
cYK-E12 cLK-E12
OH OH

5

O HOTCmqu O HOYCWHQT
L
~N N/J
K‘/Caon CioHay
DK-E12 CMK-E12
OH , OH ,
i O O
]
/\)kNH \/J\NH
HN HN
0 HOJ/CWHM 9 HO]/C1QH21
N N
CigHas CaoHay
cKV-E12 cAK-E12

OH OH

s 2
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SH o HoN 0
{
NH NH
HN HN
o HOL__CroHyy o HOL__CaoHy:
» .
K/ngqu CTOH?!
cCK-E12 | cQK-E12
OH 5 oH
O
NH
HN%
o ;«xoj/c:w:—i,_,1
N
CigHay
cFK-E12
oH
O 0 ]
I ” . WN”
HN HN HN
N N
CrgHgy CroHyy
cWK-E12 cEK-E12
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O O

1/)\ j/cton O j/Cme

Cson CioHay
ciK.E12 cSK-E12
OH OH

and salts thereof.

20.  The compound of claim 19, wherein the compound is:

OH
’SCWH;M.
N
HO > 0
CoHa J\
“NH
HN
O
CyoH
e CagHas
HO
or salt thereof.
21, A composition comprising a compound of any one of claims 1-20, or salt thereof, and
an excipient.
22.  The composition of claim 21, wherein the composition is a pharmaceutical

composition, a cosmetic composition, a nutraceutical composition, or a composition with

non-medical application.

23, The composition of claim 22, wherein the composition with non-medical application
is an emulsion or emulsifier useful as a food component, for extinguishing fires, for

disinfecting surfaces, or for oil cleanup.

24, The composition of claim 22, wherein the composition is a pharmaceutical

composition.
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25.  The composition of any one of claims 21-24, wherein the composition further

comprises cholesterol.

26.  The composition of any one of claims 21-25, wherein the composition further

comprises a PEGylated lipid.

27.  The composition of any one of claims 21-26, wherein the composition further

comprises a phospholipid

28.  The composition of any one of claims 21-27, wherein the composition further

comprises an apolipoprotein.

29.  The composition of any one of claims 21-28, wherein the composition further

comprises an agent.

30.  The composition of claim 29, wherein the agent is an organic molecule, inorganic
molecule, nucleic acid, protein, peptide, polynucleotide, targeting agent, an isotopically
labeled chemical compound, vaccine, an immunological agent, or an agent useful in
bioprocessing;

wherein:

a targeting agent is an agent that targets a particular cell, and is selected from
the group consisting of glycoproteins, lipids, antibodies, fragments of antibodies, low-
density lipoproteins, transferrin, gpl20 envelope protein of the human
immunodeficiency virus, carbohydrates, receptor ligands, sialic acid, and aptamers;

an immunological agent is an agent useful in the treatment of cancer and/or
autoimmune disorders; and

an agent useful in bioprocessing is an agent useful in maintaining a cell’s
health and/or growth, and/or in the cell’s bioprocessing of a commercially useful

chemical or fuel.

31. The composition of claim 30, wherein the agent is a polynucleotide, and the

polynucleotide is DNA.



32, The composition of claim 30, wherein the agent is a polynucleotide, and the

polynucleotide is RNA.

33, The composition of claim 32, wherein the RNA is RNAj, dsRNA, siRNA, shRNA,
miRNA, or antisense RNA.

34.  The composition of claim 30, wherein the agent is a polynucleotide, and the

polynucleotide encodes a protein or pepftide.

35.  The composition of claim 29, wherein the agent and the compound, or salt thereof, are

not covalently attached.

36.  The composition of any one of claims 21-35, wherein the composition is in the form

of a particle.

37.  The composition of claim 36, wherein the particle is a nanoparticle or microparticle.
38.  The composition of claim 36, wherein the particle is a micelle, liposome, or lipoplex.
39, The composition of claim 36, wherein the particle encapsulates an agent.

40. A method of screening a compound library, the method comprising:

providing a plurality of different compounds of any one of claims 1-20, or salts
thereof; and

performing at least one assay with the compound library to determine the presence or

absence of a desired property.

41. The method of claim 40, wherein the desired property is solubility in water, solubility
at different pH, ability to bind polynucleotides, ability to bind heparin, ability to bind small
molecules, ability to bind protein, ability to form microparticles, ability to increase
tranfection efficiency, ability to support cell growth, ability to support cell attachment, ability
to support tissue growth, and/or intracellular delivery of the compound, or salt thereof, and/or

an agent complexed or attached thereto to aid in bioprocessing;
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wherein the agent used to aid in bioprocessing is an agent useful in maintaining a
cell’s health and/or growth, and/or in the cell’s bioprocessing of a commercially useful

chemical or fuel.

42,  Use of a composition of any one of claims 21-39 in the manufacture of a medicament
for treating a disease, disorder, or condition from which a subject suffers, wherein the
disease, disorder, or condition is selected from the group consisting of proliferative disorders,
inflammatory disorders, autoimmune disorders, painful conditions, liver diseases, and

familial amyloid neuropathies.

43.  An in vitro method of delivering a polynucleotide to a biological cell, comprising:
providing a composition of any one of claims 21-39 and a polynucleotide; and
exposing the composition to the biological cell under conditions sufficient to facilitate

delivery of the polynucleotide into the interior of the biological cell.

44, The method of claim 43, wherein the polynucleotide is DNA.

45, The method of claim 43, wherein the polynucleotide is RNA.

46. The method of claim 45, wherein the RNA is RNAJ, dsRNA, siRNA, shRNA,
miRNA, or antisense RNA.

47.  The method of claim 43, wherein the polynucleotide encodes a protein or peptide.

48, The method of claim 43, wherein upon delivery of the RNA into the cell, the RNA is

able to interfere with the expression of a specific gene in the biological cell.
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Claims

What is claimed is:

A compound of Formula (TIT):

P (1IN

H
£

or salt thereof; ‘
whereim
pisan intcge between 1 and 9, inclusive;
each instance of (ﬁ\k{;‘\mdependmtly 0, S, or NRY, wherein R is hydrogen, optionally
substituted alkyl, optionally E%;gftltuted alkenyl, optionally substituted alkynyl, optionally

substituted carbocyclyl; optionally substituted heterocyclyl, optionally substituted aryl,

optionally substituted heteroaryl, a
(ii), (iii);

each instance of R' is independen

trogen protecting group, or a group of the formula (i),

’%e‘@»hydl‘ogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted a}k vk:yl, optionally substituted carbocycelyl, - '
optionally substituted heterocyclyl, optionally su
heteroaryl, halogen, -OR™, -N(R*"),, -SR*, whereir

hydrogen, optionally substituted alkyl, optionally sub‘stzmted alkenyl, optionally substituted

‘&itﬂtﬁd aryl, optionally substituted

.ach occurrence of R™ is independently

allkynyl, optionally substituted carbocyctyl, optionally subs

uted heterocycelyl, optionally
substituted aryl, optionally substituted heteroaryl, an oxygen plgtecting group when attached
to an oxygen atorm, a sulfur protecting group when attached to an Sglfur atom, a nitrogen
protecting group when attached to a nitrogen atom, or two R* grou e joined to form an
optionally substituted heterocyclic or optionally substituted heteroaryl rifg
or at least one instance of R is a group of formula:

ﬁe

§—L—N
R (iv) _
wheréin L is an optionally substituted alkylene, optionally substituted alkenyle

optionally substituted alkynylene, optionally substituted heteroalkylene, optionally

substituted heteroalkenylene, optionally substituted heteroalkynylene, optionally substituted
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carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, or
optionally substituted heteroarylene, and
R®and R” are each independently selected from the group consisting of hydrogen,

, tionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,

onally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted

sptionally substituted heteroaryl, and a nitrogen protecting group:

substituted Ikenyl, optionally substituted aik_ynyl, optionally substituted carbocyclyl,

A7

%
optionally substifut

a (i)

ydrogen or optionally substituted alkyl,

X is O, §, NR¥, wherein R™ is hyd.rogéf"--% optionally substituted alkyl, optionally

substituted alkenyl, optionally substituted alkynf woptionally substituted carbocyclyl,

optionally substituted heterocyclyl, optionally substitujed aryl, optionally substituted

U

heteroaryl, or a nitrogen protecting group; %,

Yis O, S, NRY, wherein RY is hydrogen, optionally Substituted alkyl, optionally

heteroaryl, or a nitrogen protecting group;

R is hydrogen, optionally substituted alkyl, optionally substitute

or a nitrogen protecting group when attached to a nitrogen atom; and

Rl is optionally substituted Cj_so alkyl, optionally substituted C,. 50 alkenyl, option
substituted Co.50 alkynyl, optionally substituted heteroCi.so alkyl, optionally substituted
heteroCy.50 alkenyl, optionally substituted heteroCs.sp alkynyl, or a polymer;
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provided that at least one instance of RY R, R® or R’ is a group of the formula (i),

(i), or (iit).

The compound of claim 1, wherein the compound is of Formula:

1
R2 R

when pis 1; .

when p is 5;
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when p is 6;

when p is 8; or
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when p is 9,

8. The compound of claim 1, wherein the group of formuli(i
formula (i-a) or a group of formula (-b):
Ry R

Rl
YRF R'j >—-YRP

R R-
(i-a) (i-b).
9. The compound of claim 8, wherein the group of formula (i-a) is a group of fo

al) or a group of formula (i-a2):
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RE, R
YRP

R
(i-a2}.

i1, The compound ‘5@\ laim 1, wherein the compound is selected from the group

consisting of:
HO  CgHyy
o

INed

Rf

HO, CreHage

%
o:/\r_w?::o

R‘I

" P

H
!

HGO Cystog

’\4 1
™\

N«.—,

():ﬁ—a =
i
N\

R'ﬁ . R2

14

El

HO CigHar -
\‘l..\ !
Nw
O C
.‘N\
=3 i RZ 1o
HO CasHare
NNy |
N+
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H ' H
CyaMar—N - a4 CigHge™N r .

and salts thereof,
wherein R is selected from the group consisting of: A
-H , -CHs, -CH(CHs),, -CH(CH3)(CHoCHz), %

NH PR
&
J- T
R", N=/

N NK#) H I\
R™ RS 507 o, TOR®,

OR® R
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W %O 5\ RG
PRl
OR® R RS, RY 8RO

S

-
N/ N\
QRG,andR =S

optionally substlmtr "\_\aikyl, optmna}}y substituted ikenyi o ytxﬂ’}ﬁliy substituted alkyn yl,

aryl, optionally substitute \h\eteroazyl a nitrogen protecting group when attached to a

mtrogen atom, an oxygen pro%ct1ng group when attached to an oxygen atom, and a sulfur

12.

consisting of:
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T e
CBH 17“"‘N
NWchgHﬂ
O

b

9]
HN
AV
CgHyy
O

FARY HN~CgHyo

o

0,
Cqug""NH
4
Caobipr—N
N\\-‘{HN“"CQUHZ']
8]
\
R2 Jp
Q, s}
CagHa=NH : CogHgg—NH
0 O
HN\ H 3
CaoMay CyqHag
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CyzHos

(

N
Coyphizs

CyaHag

Coghzg

CiaHyy
Caatlyy

and salts thereof.
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OH
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NH
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C12H‘25

D;/NH

N

O

' N/\/ik ~Cratlzs

N/012H25

H , and salts thereof,
: \
14. A compound of ‘&Qnula (I

D
or salt thereof;

wherein:

each instance of m is independently 1, 2, or 3

each instance of Z is independently O, §, or Ni’\ﬁ%harein R” is hydrogen, optionally

substituted alkyl, optionally substituted alkenyl, optionally 'sti.tuted alkynyl, optionally
substituted carbocyclyl, optionally substituted heterocyclyl, oaﬂy substituted aryl,
optionally substituted heteroaryl, a nitrogen protecting group, or a ggoup of the formula (i),
(i1), or (ii);
cach instance of R! is independently hydrogen, optionally substitthed alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted ca velyl, '
optionally substituted heterocyclyl, optionally substituted aryl, optionally substifgted
heteroaryl, halogen, -ORM NER™),, or ~SRM; wherein each occurrence of R™ i.s
independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl, an oxygen

protecting group when attached to an oxygen atom, a sulfur protecting group when attached
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to an sulfur atom, a nitrogen protecting group when attached to a nitrogen atom, or two R™
groups are joined to form an optionally substituted heterocyclic or optionally substituted

y heteroaryl ring;

R*isa group of formula (1), (i), or (ii1);

R’ is hydrogen, optionally substituted afkyl, optionally substituted alkenyl, optionally
: ted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optxoﬂa j, Substituted aryl, optionally subsﬁmtcd heteroaryl, a mtro gen protecting group, or a
group of & (1), (i1), or (1ii);

orR: a an R group are joined to form an optionally substituted 5-6 membered

alkynyl, optxonaﬂy substl.tut 8d carbocyclyl, optionally substituted heterocyclyl, optionally

substituted aryl, optionally su%‘*\iguteu heteroaryl, an oxygen protecting group when attached
%

to an oxygen atom, a sulfur protectigg group when attached to an sulfur atom, a nitrogen

protecting group when attached to a ng“z‘ogen atom, or two R gr oups are joined to form an
optionally substituted heterocyclic or optik ,{zally substituted heteroaryl ring;
R’ is hydrogen, optionally sub stitut; "Ef%vlkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carboty sclyl, optionally substituted heterocyclyl,

optionally substituted aryl, optionally substituted h oaryl, or a nitrogen protecting group;

and "‘x{

Formulae (i), (i), and (iii) are:

RC
R‘"\%“’R"
—
Ri
(1)

wherein:

X is O, §, NR¥, wherein R™ is hydrogen, optionally substituted afkyl, optiokglly
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted

heteroaryl, or a nitrogen protecting group;
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Y is O, S, NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
t eteroaryl or a nifrogen protecting group;

) R’ is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optmna.ﬂy
d alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl,

ubstituted aryl, optionally substituted heteroaryl, an oxygen protecting group

heteroCs 50 alkenyl, op?i%ﬁgﬂy substituted heteroCy 5o alkynyl, or a polymer.

-'v%
15. The compound of claim¥4 of formula:

ar

, where n is 4;

or salt thereof,

16.  The compound of claim 14, wherein at least one instance of R' is a group of formula:
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wherein:
each instance of R' is independently hya”fogen or optionally substituted alkyl; |
X is O, S, NR*, wherein R” is hydrogen, ow gt(?nally substituted alkyl, optionally

substituted alkenyl, optionally substituted alkynyl, op\f%@naﬂy substituted carbocyclyl,

optionally substituted heterocyelyl, optionally subsututea’

.yl, optionally substituted
heteroaryl, or a nitrogen protecting group; L
Y is O, S, NRY, wherein RY is hydrogen, optionally sub‘ iiputed alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substih gied carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, option substituted
heteroaryl, or a nitrogen protecting group;
R” is hydrogen, optionally substituted alleyl, optionally substituted alk¥gy!, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted het gocyelyl,
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting p
when attached to an oxygen atorn, a sulfur protecting group when attached to a sulfur ’

or a nitrogen protecting group when attached to a nitrogen atom; and
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R™ is optionally substituted C,.so alkyl, optionally substituted C,.50 alkenyl, optionally
substituted Cy 50 alkynyl, optionally substituted heteroCj.so alkyl, optionally substituted

A‘ %, heteroCy.50 alkenyl, optionally substituted heteroCy.s0 alkynyl, or a polymer.

20.

21.

22,

23.  The compound of claim 14, wherein R*

R’ is hydrogen.

24, The compound of claim 14, wherein R” and R’ are

formula (1), (ii), or (iii).

25.  The compound of claim 14, wherein the group of formula (i) ¥

formuia (i-a) or a group of formula G-b):

Ry R R\
__?LYRP R.‘&?—\YRP ’
: :

(i-a) (i-b).

26. The compound of claim 25, wherein the group of formula (i-a) is a group of formuld

(i-al) or a group of formula (i-a2);
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RL, R
YRP

. R
(i-a2).

The compound of claim 25, wherein the group of formula (i-b) is a group of formula

% a group of formula (i-b2):
YRP | ' YRP

R‘S Rt
{i-b2)

28.  The compound },zg%a%m 14, wherein the compound is of Formula (I-f4):

or salt thereof,

30.  The compound of claim 14, wherein the compound is of Formula

RRx 0

R'!
REX n

or salt thereof,
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The compound of claim 14, wherein the compound is of Formula (I-f9):

\q o;:fﬁ
N

N
!
R (0-9)

or salt the f.

(1-£12)

or salt thereof.

34, The compound of claim 14, wherein the compound is s&iec

consisting of:

HO Cus R’ HO, CgHtg R H
RA‘%— A

Q

o

HO CeHw , HO CgHsg
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AN 10
CBHW”\N N ORM COHw/\N N ORA
// o “nR! ,j o R

03H1 7 . CQHW

Jﬁ T
Rﬁ

NT N7 kff”\

H |

=y N/

y
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3

35.  The compound o v‘%igim 14, wherein the compound is selected from the group
consisting of:

OH
Cphag

HO
CroHay




HO™ TSN
C?Dst
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HO

HO, Cmﬂmg‘é
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N
N
O
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HO. OH
0105‘521{ meH%
N
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36. A compound of Formula (II):

W
2e
Y
R,
e
R (I

or salt ¢
wherein: \
each i m‘; qrice of R" is independently hydrogen or optionally substituted alkyl;

each mstan of R! is independently hydrogen, optionally substituted alkyl, optionally

substituted alkenyl, oonally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted he%?&rpcyclyl, optionally substitated aryl, optionally substituted

&,
i

-

heteroaryl, halogen,

-ORM, NERMY,, or - SRM whe‘-n each occurrence of R*! is independently h drogen,
per y ny

optionally substituted alkyl, optlon ly substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, opt"naliy substituted heterocyclyl, optionally substituted

aryl, optionally substituted heteroaryl, an'%

gygen protecting group when attached to an
oxygen aton, a sulfur protecting group when% ftached to an sulfur atom, a nitrogen protecting
group when attached to a nitrogen atom, or two b ' groups are joined to form an optionally
substituted heterocyclic or optionally substituted hé%%gﬁparyl ring;

each instance of W is independently O, S, or W, wherein R" is hydrogen,
optionally substituted alkyl, optionally substituted a}kenytionaliy substituted alkynyl,
opticnally substituted carbocyclyl, optionally substituted hetyclyl, optionally substituted
aryl, optionally substituted heteroaryl, a nitrogen protecting grok or a group of the formula
@), (i), or Gi); 7

each instance of Y is independently O, S, or NR", wherein RY ydrogen, optionally

substituted alkyl, optionally substituted alkenyl, optionally substituted alkyNgl, optionally
substituted carbocyclyl, optionally substituted heterocyclyl, optionally substit
optionally substituted heteroaryl, or a nitrogen protecting group;

R® s hydrogen, a group of the formula (i), (i), or (iii}, or a group of the fo
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™)

optionally substimtedﬁ%;%eroaryi, a nitrogen protecting group, or a group of the formula @),

(ii), or (iii)

Formulae (i), (n) and (iii) are:

RL\>—-YRP
=

-
) (ii)

wherein:
each instance of R is independently hydrogen or optionally substituted alky
X is C}, S, NR*, wherein R* is hydrogen, optionally substituted alkyl, optionall

substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted

heteroaryl, or a nitrogen protecting group;
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Y is O, §, NRY, wherein R is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

N, Optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted

s eteloaryl or a nitrogen protecting group;

RY is hydrogen, Gptmnaﬁy substituted alkyl, optxonally substituted alkenyl, opuona}l y

37.

38.

wherein L. is an optionally substituted alkylene, opti ly substituted alkenylene,

optionally substituted alkynylene, optionally substituted hetero ) cylene, optionally
substituted heteroalkenylene, optionally substituted heteroalkynylerig, optionally substituted
carbocyclylene, optionally substituted heterocyclylene, optionally substifuted arylene, or
optionally substituted heteroarylene, and '

R and R are each independently selected from the group consisting
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally s
aryl, optionally substituted heteroaryl, and a nitrogen protecting group;

provided at least one instance of R® and R” is a group of formula:
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;_%——YRP gjL

(iib)

optionally mbﬁ; teci heter ocyclyl optionally substituted aryl, optionally substituted

g:

substituted alkenyl, optmn ly substituted alkynyl optionally substituted ca.rbocyclvl
optionally substituted hetem%"

welyl, optionally substituted aryl, optionally substituted

group;
R is hydrogen, optmnaﬂy s":_sntuteci alkyl, optionally substituted alkenyl, opnona}ly

heteroaryl, or a nifrogen protecti:

substituted alkynyl, optionally substitulad carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, optionally subé"tuied heteroaryl, an oxygen protecting group

when attached to an oxygen atom, a sulfur pr X ctmg group when attached to a sulfur atom,
or a nitrogen protecting group when attached to a litrogen atom; and

RYis optionally substituted C;.so alkyl, optionglly substituted C.50 alkenyl, optionally

substituted Cy.50 alkynyl, optionally substituted heteroC* alkyl, optionally substituted

heteroCy.sp alkenyl, optionally substituted heteroCo.s50 alkh‘ or a polymer.

40.  The compound of claim 39, wherein L is an optionally su yituted alkylene.

41,  The compound of claim 39, wherein the group of formula (iv) is & formula:

wherein q is an integer between 1 and 50, inclusive.

42, The compound of claim 36, wherein the group of formula (i) represents a group of

formula (i-a) or a group of formula (i-b):
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44, !
(-b1) or a group of formula cb2):

or salt thereof,

46.

or salt thereof.

47.

WO 2013/063468 PCT/US2012/062222

Sga) (-a2).

The compound o\"“i laim 42, wherein the group of formula (i-b) is a group of formula

5

The compound of claim 36, wherein the compound is of Formula (11-d):
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okgalt thereof.

or salt thereof.
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0 . o) 9]
R'l R’! R1
O 0] (@]
N\)\ N\)\ N\/L\
HO'/\/ ~ C12H2s HO/\/\/ CqaHay HO‘/Y\/ C14Hag
Ci2Hps , CiaHar ,and CiaHzg . ,

atts thereof,

wherein R® and R” are each independently selected fro 1}’13 group consisting of hydrogen,

optionally substituted alkyl, optionally substituted a}kenyi% tionally substituted alkynyl,

optionally substituted carbocyclyl, optionally substituted heter yelyl, optionally substituted
aryl, optionally substituted heteroaryl, a nitrogen protecting groug when attached to a
nitrogen atom, an oxygen protecting group when attached to an oxy atom, and a sulfur
protecting group when attached to a sulfur atom, or a group of formula ‘ (i1), or (iii).
51, The compound of claim 36, wherein the compound is selected from thel

consisting of:
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CioHay O
C*OH” ‘ H CioHys

\ o )\\ ‘
! CJ‘OH“/‘C;;/ j\l( -9 Cmsz/\O:/
o
HO/I\/ N\)\C

1oHas HO/]\/ CioHa

CaoHy CooHay
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R, Q Ri Q
\N A N
R 2 R!
N
R? Q Q R
V) (VD)

or salt thereof:
wherein: X

each instance of @ is mdependenﬂyi . S, or NR?, wherein R? is hydrogen, optionally
substituted alkyl, optionally substituted aikeny?’ optionally substituted alkynyl, optionélly
substituted éarbﬁcyciyi, optionally substituted het;flwgyciyl, optionally substituted aryl,
optionally substituted heteroaryl, a nitrogen protectin?%&gyoup, or a group of formula (i), (ii),
(i Y

each instance of R' is independently hydrogen, opti.

fally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally suligtituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, opti gally substituted

groups are joined to form an optionally substituted heterocyclic or optionally substituted

heteroaryl ring;
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each instance of R” is independently hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

\, Optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted

RL

)
W

Xis 0,8, NR*, w igrein R™ is hydrogen, optionally substituted alkyl, optionally
S
substituted alkenyl, optionalljsubstituted alkynyl, optionally substituted carbocyclyl,

heteroaryl, or a nitrogen protecting ggoup;

Y is O, S, NRY, wherein R” is ﬁgrogﬁn, optionally substituted alkyl, optionally

heteroaryl, or a nitrogen protecting group;

R" is hydrogen, optionally substituted alkyl,%g;ionaﬂy substituted alkenyl, optionally
substituted allkynyl, optionally substituted carbocyclyl, “ionally substituted heterocyclyl,
optionally substituted aryl, optionally substituted hetemalx %an oxygen protecting group

when attached to an oxygen atom, a sulfur protecting group witen attached to a sulfur atom,

or a nitrogen protecting group when attached to a nitrogen atom; aky
R* is optionally substituted Cj.so alkyl, optionally substituted & 5o alkenyl, ‘optionaliy
substituted Cy.50 alkynyl, optionally substituted heteroC .5 alkyl, option substituted
heteroC, sp alkenyl, optionally substituted heteroCy.sp alkynyl, or a leymer;
provided that at least one instance of R%, R*, R®, or R” is a group of the ¥

(i), or (iii).

53,  The compound of claim 52, wherein at least one instance of R' is a group of forr
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wherein L is an optionally substituted alkylene, optionally substituted alkenylene,
optionally substituted alkynylene, optionally substituted heteroalkylene, optionally
substituted heteroalkenylene, optionally substituted heteroalkynylene, optionally substituted

\carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, or

optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
optionally » stituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted

wherein: ! ,
each instance of R’ is indepenc{““@y hydrogen or optionally substituted alkyl;

X is O, S, NR*, wherein R* is hyc;%&_en, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted ali«;:'“ 1yl, optionally substituted carbocyclyl, -
optionally substituted heterocyclyl, optionally su tituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group; &\"\

Y is O, 8, NRY, wherein R” is hydrogen, optiw; ly substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, option i substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl tionally substituted
heteroaryl, or a nitrogen protecting group; _

R” is hydrogen, optionally substituted alkyl, optionally subs ed alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substitiged heterocyclyl,
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protigting group
when attached to an oxygen atom, a sulfur protecting group when attached to a Sglifor atom,
or a nitrogen protecting group when attached to a nitrogen atorn; and

RN is optionally substituted C,.sp alkyl, optionally substituted Cy.s0 alkenyl, op
substituted C,.5 allkynyl, optionally substituted heteroC 5o alkyl, optionally substituted

heteroCy 5o alkenyl, optionally substituted heteroC,.so alkynyl, or a polymer.
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54, The compound of claim 53, wherein L is an optionally substituted alkylene.

55.  The compound of claim 53, wherein the group of formula (iv) is of the formula:

F?G
JEI\(‘%;N\R-;

is an integer between 1 and 50, inclusive.

(i-b).

57.  The compound of claim 56, ¥ herein the group of formula (i-a) is a group of formula

X3
N

(i-al) or a group of formula (i-a2):

Ry R
‘}LYRP
E

Rl
(-al)

(i-b1) or a group of formula (i-b2);

¥

R
%_)‘YRP
..,

R R
(-bl)

59, The compound of claim 52, wherein the compound is of Formula (:EV
(VI-c)
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wherein:

X is O, S, NR¥, wherein R* is hychogcu, uﬁ"onaﬂy substituted alkyl, optionally

optionally substituted heterocyclyl, optionally subsututehl, optionally substituted
heteroaryl, or a nitrogen protecting group; \
Y is O, 8, NR”, wherein R” is hydrogen, optionally substl ted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substx ed carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, opnona  substituted
heteroaryl, or a nitrogen protecting group;
R is hydrogen, optionaﬂy substituted alkyl, optionally substituted alkdigyl optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted hetekgcyclyl,
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting g
when attached to an oxygen atom, a sulfur protecting group when attached to a sulfur at

or a nitrogen protecting group when attached to a nitrogen atom; and
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R" is optionally substituted C ;.50 alkyl, optionally substituted Cs 5o alkenyl, optionally
substituted C,.5 alkynyl, optionally substituted heteroCj.so alkyl, optionally substituted
heteroC,.s9 alkenyl, optionally substituted heteroC.50 alkcynyl, or a polymer.

The composition of claim 60, wherein the group is attached to an amino grdup present
APPL scaffold.

63.  The compositi‘ of claim 62, wherein the composition with non-medical application

N
is an emulsion or emulsifigr useful as a food component, for extinguishing fires, for

64.  The composition of claim 6! ., Wherein the composition is a pharmaceutical

composition.

.
65.  The composition of claim 64, wheretl the composition further comprises cholesterol.

66.  The composition of claim 64, wherein tham"gmposition further comprises a PEGylated

lipid. AN

67.  The composition of claim 64, wherein the compositz further comprises a

phospholipid

68, The composition of claim 64, wherein the composition furth g LCOMPriSes an

apolipoprotein.
69.  The composition of claim 60, wherein the composition further comprist an agent,
70.  The composition of claim 69, wherein the agent is an organic molecule, inorg
molecule, nucleic acid, protein, peptide, polynucleotide, targeting agent, an isotopically

labeled chemical compound, vaccine, an immunological agent, or an agent useful in

bioprocessing.
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71.  The composition of claim 69, wherein the agent is a polynucleotide, and the

polyrucleotide is DINA or RNA.

The composition of claim 71, wherein the RNA is RNA, dsRNA, siRNA, shRNA,
A, or antisense RNA.,

73.

attached.

composition of claim 69, wherein f;he agent and the APPL are not covalently

74. The com S ition of claim 60, wherein the composition is in the form of a particle.

A Y
,

75.  The compositio of claim 74, wherein the particle is a nanoparticle or microparticle.

RS

76.
71.

78.

wherein:
each instance of R' is independently hydrogen or optionally substituted alkyl;
X is O, §, NR*, wherein R” is hydrogen, optionally substituted alkyl, optionally

substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
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optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

» Yis O, S, NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally
ubstltuted alkenyl, optzonaliy substituted alkynyl, optzonaliy substituted carbocyclyl

or attached thereto to aid in bioprocessing. %%&

80.  Use of a composition comprising an APPL, or salt thereof for treating disease,
disorder, or condition from which a subject suffers; ‘

wherein the APPL is an amino acid, a linear or cyclic pep' de, or a linear or cyclic
polypeptide, or structural isomer thereof, wherein an amino or amide group of the APPL is

conjugated to a group of formula (i), (i), or (iii):

R R XR*
R —YR?
G
R R or %
(1) (i1) (iit)
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wherein:
cach instance of R' is independently hydrogen or optionally substituted alkyl;
Xis O, S, NR*, wherein R™ is hydrogen, optionally substituted alkyl, optionally

"\ alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

proliferative disorders, inflammatory disorders, autoim#

liver diseases, and familial amyloid neuropathies. %%
81. An in vitro method of delivering a polynucleotide to a bif {ogical cell, comprising:

and
exposing the composition fo the biological cell under conditions sufjcient to facilitate

delivery of the polynucleotide into the interior of the biological cell;
wherein the APPL is an amino acid, a linear or cyclic peptide, or a linear ogcyclic

polypeptide, or structural isomer thereof, wherein an amino or amide group of the A is

conjugated to a group of formula (i), (ii), or (iii):




RL

o group;
R” is hydrogen, optionally s& “titutad alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substitli \‘c:ag;bocyciyl, optionally substituted heterocyclyl,
optionally substituted aryl, optionally Subg ifuted heteroaryl, an oxygen protecting group
when attached to an oxygen atom, a sulﬁxf p).“g}' cting group when attached to a sulfur atom,
or a nitrogen protecting group when attached to axtmgen atom; and

Rbis optionally substituted Cy.sp alkyl, optio;;% 1}1 substituted Cs.sy alkenyl, optionally

substituted Cs.s alkynyl, optionally substituted hveteroC?f alkyl, optionally substituted

heteroCy.5 alkenyl, optionally substituted heteroCy 5o alkyn¥

or a polymer.

82. The method of claim 81, wherein the polynucleotide is D A or RNA.

83.  The method of claim 82, wherein the RNA is RNAJ, dsRNA, siREA, shRNA,
miRNA, or antisense RNA.-

84. The method of claim 83, wherein upon delivery of the RNA into the cell,

able to interfere with the expression of a specific gene in the biological cell.




