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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 

incorporated herein by reference. 

Government Support 

[0002] 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 (RNAi) was reported by 

Mello and Fire in 1998. See Fire etal, 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 etal, 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. 

[0004] 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 et 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 etal., Am. J. Respir. Crit. Care Med. (2011) 183:531-538), 
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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 (3-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., Giuliani 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. 

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, 442, 362 L 5240, 6042, 78, 80, and 8243, and their 

dependent claims. 

|0006| Exemplary APPLs include, but are not limited to, compounds of Formula (I), 

(II), (III), (IV), (V), and (VI), and salts thereof, as described herein: 

(I) 
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1. A compound of Formula (III): 

Rv 

Q: 

R1 

V=Q 
R1 R: 

(III) 
or salt thereof; 

wherein: 

pis 1; 

Q is O; 

each instance of R1 is independently hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, or a group of formula (iv); 

provided at least one instance of R1 is a group of formula: 

/ 
L—N 

R7 (iv) 

L is independently an optionally substituted alkylene, optionally substituted 

alkenylene, optionally substituted alkynylene, optionally substituted heteroalkylene, 

optionally substituted heteroalkenylene, or optionally substituted heteroalkynylene; 

R6 and R7 are each independently hydrogen, a nitrogen protecting group, or a group of 

formula (i) or (ii); 

each instance of R is independently hydrogen, a nitrogen protecting group, or a group 

of the formula (i) or (ii); 

formula (i) and (ii) are: 

R'\ 
Rv )—YRP 

R' 

(i) 

and 

XRL 

R' 
R' 

O 

(ii) 

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

YRF YRF 

R' Rl 

(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 RA is hydrogen, optionally substituted alkyl, or a nitrogen 

protecting group; 

Y is O; 

Rp is independently hydrogen or an oxygen protecting group; and 

RL is independently optionally substituted C6-2oalkyl, optionally substituted C(,. 

2oalkenyl, optionally substituted C6-2oalkynyl, optionally substituted hetero C6-2oalkyl, 

optionally substituted hetero C6-2oaIkenyl, or optionally substituted hetero C6-2oalkynyl; 

wherein: 

optionally substituted refers to a carbon atom of a group which is unsubstituted or 

independently substituted with halogen, -CN, -N02, -N3, -S02H, -SO3H, -OH, -ORaa, -

ON(Rbb)2, -N(Rbb)2, -N(Rbb)3+X", -N(ORcc)Rbb, -SeH, -SeRaa, -SH, -SRaa, -SSRCC, -

C^COR118, -C02H, -CHO, -C(ORCC)2, -CO,Raa, -0C(=0)Raa, -0C02Raa, -C(=0)N(Rbb)2, -

0C(=0)N(Rbb)2, -NRbbC(=0)Raa, -NRbbC02Raa, -NRbbC(=0)N(Rbb)2, -C(=NRbb)Raa, -

C(=NRbb)ORaa, -OC(=NRbb)Raa, -OC(=NRbb)ORaa, ~~C(=NRbb)N(Rbb)2, -OC(=NRbb)N(Rbb)2, 

-NRbbC(=NRbb)N(Rbb)2, -C(=0)NRbbS02Raa, -NRbbS02Raa, -S02N(Rbb)2, -S02Raa, -

S020Raa, ~0S02Raa, -S(=0)Raa, -0S(=0)Raa, -Si(Raa)3, -OSi(Raa)3 -C(=S)N(Rbb)2, -

C(=0)SRaa, -C(=S)SRaa, -SC(=S)SRaa, -SC(=0)SRaa, -0C(=0)SRaa, -SC(=0)0Raa, -

SC(=0)Raa, -P(=0)2Raa, -0P(=0)2Raa, -P(=0)(Raa)2, -0P(=0)(Raa)2, -OP(=O)(OR0C)2, -

P(=0)2N(Rbb)2, -0P(=0)2N(Rbl')2, -P(=0)(NRbb)2, -0P(=0)(NRbb)2, -NRbbP(=O)(ORC0)2> -

NRbbP(=0)(NRbb)2, -P(RCC)2, -P(RCC)3, -OP(RCC)2, -OP(RCC)3, -B(Raa)2, -B(ORcc)2, -

BRaa(ORtc), Cj-50 alkyl, C2-50 alkenyl, C2_so alkynyl, C3-14 carbocyclyl, 3-14 membered 

heterocyclyl, C6-J4 aryl, and 5-14 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, 

carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, 

or 5 Rdd groups; or two geminal hydrogens on a carbon atom are replaced with the group =0, 

=S, -NN(Rbb)2, -NNRbbC(-0)Raa, =NNRbbC(-0)0Raa, =NNRbbS(=0)2Raa, =NRbb, or 

-NORcc; 

refers to a nitrogen atom of a group which is unsubstituted or independently 

substituted with OH, -ORaa, -N(RCC)2, -CN, -C{=0)Raa, -C(-0)N(Rcc)2, -C02Ra\ -S02Raa, 

-C(=NRbb)Raa, -C(=NRcc)ORaa, -C(-NRCC)N(RCC)2, -S02N(Rcc)2, -S02Rcc, -S020Rcc, -

SORaa, -C(==S)N(Rcc)2, -C(0)SRcc, -C(=S)SRcc, -P(=0)2Raa, -PH))(Raa)2, -P(=G)2N(RCC)2, 

-P(=0)(NRcc)2, CI_5O alkyl, C2~5o alkenyl, C2_5o alkynyl, C3_io carbocyclyl, 3-14 membered 

heterocyclyl, C6_i4 aryl, and 5-14 membered heteroaryl, or two Rcc 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, heterocyclyl, aryl, and heteroaryl is 

independently substituted with 0, 1,2, 3, 4, or 5 Rdd groups; 

each instance of Raa is, independently, selected from Cs_5o alkyl, C2-50 alkenyl, C2-50 

alkynyl, C.V10 carbocyclyl, 3-14 membered heterocyclyl, C&-u aryl, and 5-14 membered 

heteroaryl, or two Raa 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 Rdd groups; 

each instance of Rbb is, independently, selected from hydrogen, -OH, ~-ORaa, -

N(RCC)2, -CN, -C(=0)Raa, -C(-0)N(Rcc)2, -C02Raa, -S02Raa, -C(=NRcc)ORaa, -

C(=NRcc)N(Rcc)2, -S02N(RCC)2, -S02RCC, -S020RCC, -SORaa, -C(=S)N(Rcc)2, ~~C(-0)SRcc, -

C(=S)SRcc, -P(-0)2Raa, -P(=0)(RM)2, -P(=0)2N(RCC)2, -P(^0)(NRCC)2, Q-so alkyl, C2_50 

alkenyl, C2-50 alkynyl, C3_io carbocyclyl, 3-14 membered heterocyclyl, C6-14 aryl, and 5-14 

membered heteroaryl, or two Rbb 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 Rdd 

groups; 

each instance of Rcc is, independently, selected from hydrogen, Ci_5o alkyl, C2-50 

alkenyl, C2-50 alkynyl, C3_io carbocyclyl, 3-14 membered heterocyclyl, C6-14 aryl, and 5-14 

membered heteroaryl, or two Rcc 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 Rdd 

groups; 

each instance of Rdd is, independently, selected from halogen, -CN, -N02, -N3, -S02H, 

-SO3H, -OH, -ORee, -ON(R!T)2, -N(Rff)2, -N(Rff)3+X"~ 

, -N(ORee)Rff, -SH, -SRee, -SSRee, -C(=0)Ree, -C02H, -C02Ree, -~0C(-0)Ree, -0C02Ree, -

C(-0)N(Rlf)2, -0C(=0)N(R1T)2, -NRftC(=0)Ree, -NR1TC02Ree, -NRirC(=0)N(Rff)2, -

C(=NRfi)ORee, -OC(-NRff)Ree, -OC(=NRff)ORee, -C(=NRfl)N(RiT)2, ^OC(=NRfr)N(Rff)2, -

NRnCt=NRft)N(Rff)2-NRffS02Ree, -S02N(Rff)2, ~S02Ree, -S020Ree, -0S02Ree, -S(-0)Ree, 

-Si(Rce)3, -OSi(Ree)3, -C(-S)N(RIT)2, -C(=0)SRee, -C(=S)SRee, -SC(s=S)SRee, -P(=0)2Rce, -

PeO)(Rec)2, -0P(-0)(Ree)2, -0P(=0)(0Ree)2, Ci_5o alkyl, C2_50 alkenyl, C2_50 alkynyl, C3-10 

carbocyclyl, 3-10 membered heterocyclyl, C6-10 aiyl, 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 Rg8 groups, or two geminal Rdd substituents can be joined to 
form =0 or =S; 

230 



each instance of Ree is, independently, selected from Ci_5o alkyl, C2-50 alkenyl, C2 50 

alkynyl, C3_io carbocyclyl, C6-io 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 Rgg groups; 

each instance of R11 is, independently, selected from hydrogen, Ci_5o alkyl, C2-50 

alkenyl, C2-5Q alkynyl, C3_io carbocyclyl, 3-10 membered heterocyclyl, C^io aryl and 5-10 

membered heteroaryl, or two RM 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 Rgg 

groups; and 

each instance of Rgg is, independently, halogen, -CN, -N02, -N3, -SO2H, -SO3H, -

OH, -OCi_so alkyl, -ON^o alkyl)2, -N(C,_50 alkyl)2, -N(C,_5o alkyl)3+X-, -NH(C,_50 

alkyl)2+X~, -NH2(Ci_5o alkyl)+X", -NH3'X . -N(OCi-50 alky1)(Cj_5o alkyl), -N(OH)(Ci_50 

alkyl), -NH(OH), -SH, -SCj-so alkyl, -SStC^o alkyl), -C(OXC,_30 alkyl), -C02H, -

CO2(C,_50 alkyl), -OCt-O)(Ci_50 alkyl), -OCO2(C,_50 alkyl), -C(=0)NH2, -C(-0)N(C,-5o 

alkyl)2, -OC(-O)NHtCi_50 alkyl), -NHC(=0)( C]_50 alkyl), -N(Ci_So alkyl)C(=0)( C,_5o 

alkyl), -NHC02(C!_5o alkyl), -NHC(=0)N(Ci_5o alkyl)2, -NHC(=O)NH(C]_50 alkyl), -

NHC(=0)NH2, -C(-NH)O(C1_50 alkyl),-OC(=NH)(CI_50 alkyl), -OC(=NH)OC,_5o alkyl, -

C(=NH)N(Ci-so alkyl)2, -C(-NH)NH(CI_50 alkyl), -C(=NH)NH2, -OC(=NH)N(C, 50 

alkyl)2, -OC(NH)NH(C!_5o alkyl), -OC(NH)NH2, -NHC(NH)N(Ci-5o alkyl)2, -

NHC(=NH)NH2, -NHSO2(C,_50 alkyl), -SO2N(Ci_50 alkyl)2, -SO2NH(Ci_50 alkyl), -

SO2NH2,-SO2C!_50 alkyl, -SO2OC1_50 alkyl, -0S02C^ alkyl, -SOC,_6 alkyl, -Si(C,_50 

alkyl)3, -OSi(CMl alkyl)3 -C(=S)N(Ci_5o alkyl)2, C(=S)NH(C!„50 alkyl), C(=S)NH2, -

C(0)S(Cj_6 alkyl), -C(-S)SCi_6 alkyl, ~SC(-S)SC,_6 alkyl, -P(=O)2(Ci_50 alkyl), -

P(=OXC,_5o alkyl)2, -OP(=O)(C,_50 alkyl)2, -OP(=0)(0C,_5Q alkyl)2, C1-50 alkyl, C2_50 

alkenyl, C2_5o alkynyl, C3_io carbocyclyl, C6_io aryl, 3-10 membered heterocyclyl, 5-10 

membered heteroaryl; or two geminal Rgg substituents can be joined to form =0 or =S; 

X" is a counterion; 

a nitrogen protecting group is -OH, ~~ORaa, -N(RCC)2, -C(=0)Raa, -C(-0)N(Rcc)2, -

C02Raa, -S02Raa, -Ct=NRcc)Raa, -C(-NRcc)ORaa, -C(=NRcc)N(Rcc)2, -SO2N(R0C)2, -S02Rcc, 

-SO2ORC0, -SORaa, -C(=S)N(Rcc)2, -C(=0)SRcc, -Cf=S)SRcc, CM0 alkyl, C2-i0 alkenyl, C2 

10 alkynyl, C3-10 carbocyclyl, 3-14 membered heterocyclyl, C(,-]4 aryl, and 5-14 membered 

heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl, 

aryl, and heteroaryl is independently substituted with 0, 1,2, 3, 4, or 5 Rdd groups; and 
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an oxygen protecting group is -Raa, -N(Rbb)2, -C(=0)SRaa, -C(=0)Raa, -C02Raa, -

C(=0)N(Rbb)2, -C(=NRbb)Raa, —C(=NRbb)ORaa, -C(=NRbb)N(Rbb)2, -S(=0)Raa, -S02Raa, -

Si(Raa)3-P(RCC)2, -P(RCO)3, -P(=0)2Raa, -P(=0)(Raa)2, -P(=0)(0Rcc)2, -P(=0)2N(Rbb)2, and -

P(=0)(NRbb)2. 

2. A compound of Formula (III): 

or salt thereof; 

wherein: 

pis 1; 

Q is O; 

each instance of R1 is independently a group of formula: 
^6 

^_L_N 

R7 (iv) 

wherein L is independently an optionally substituted alkylene, and 

R6 and R7 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 (ii) are: 

(0 (ii) 

wherein each instance of formula (i) is independently formula (i-a) or formula (i-b): 
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Rk R* R\ 
YRP 

(i-a) 
R' RL 

(i-b); 

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

Rp 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 to 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 

RL is independently optionally substituted C6.20 alkyl, optionally substituted C6-20 

alkenyl, optionally substituted C6-20 alkynyl, optionally substituted heteroC6-2o alkyl, 

optionally substituted heteroC6-2o alkenyl, or optionally substituted heteroC6-2o alkynyl; 

optionally substituted refers to a carbon atom of a group which is unsubstituted 01* 

independently substituted with halogen, -CN, -NO2, -N3, -SO2H, -SO3H, -OH, -ORa!i, -

ON(Rbb)2, -N(Rbb)2, -N(Rbb)3+X~, -N(OR0C)Rbb, -SeH, -SeRaa, -SH, -SRaa, -SSRCC, -

C(=0)Raa, -C02H, -CHO, -C(ORoc)2, -C02Raa, -0C(=0)Raa, -0C02Raa, -C(=0)N(Rbb)2, -

0C(=0)N(Rbb)2, -NRbbC(=0)Raa, -NRbbC02Raa, -NRbbC(=0)N(Rbb)2, ~C(=NRbb)Raa, -

C(=NRbb)ORaa, -OC(=NRbb)Raa, -OC(=NRbb)ORaa, -C(=NRbb)N(Rbb)2, -OC(=NRbb)N(Rbb)2, 

-NRbbC(=NRbb)N(Rbb)2, -C(=0)NRbbS02Raa, -NRbbS02Raa, -S02N(Rbb)2, -S02Raa, -

S020Raa, -0S02Raa, -S(=0)Raa, -0S(=0)Raa, ^Si(Raa)3, -OSi(Raa)3 -C(=S)N(Rbl')2, -

C(=0)SRaa, -~C(=S)SRaa, -SC(=S)SRaa, -SC(=0)SRaa, -0C(=0)SRaa, -SC(=0)0Raa, -

SC(=0)Raa, -P(=0)2Raa, -0P(=0)2Raa, -P(=0)(Raa)2, -0P(=0)(Raa)2, -OP(=O)(OR0C)2, -

wherein: 
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P(=0)2N(Rbb)2, -0P(=0)2N(Rbb)2, -P(=0)(NRbb)2> -0P(=0)(NRbb)2, -NRbbP(=0)(0Rcc)2, -

NRbbP(=0)(NRbb)2, -P(RCC)2, -P(RCC)3, -OP(RCC)2, ~OP(RCC)3, -B(Raa)2, -B(ORcc)2, -

BRaa(ORLL). Ci —50 alkyl, C2-50 alkenyl, C2-50 alkynyl, carbocyclyl, 3-14 membered 

heterocyclyl, CV14 aryl, and 5-14 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, 

carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 3, 4, 

or 5 Rdd groups; or two geminal hydrogens on a carbon atom are replaced with the group =0, 

=S, =NN(Rbb)2, =NNRbbC(==0)Raa, =NNRbbC(=0)0RM, -NNRbbS(=0)2Raa, -NRbb, or 

-NORcc; 

refers to a nitrogen atom of a group which is unsubstituted or independently 

substituted with OH, -ORaa, -N(RCC)2, -CN, -C(-0)Raa, -C(=0)N(RCC)2, -C02Raa, -S02Raa, 

-CC-NR^JR88, -C(=NRcc)ORaa, -C(-NRcc)N(Rcc)2, -S02N(Rcc)2, -S02Rcc, -S020Rcc, -

SORaa, -C(-S)N(RCC)2, -C(=0)SRCC, -C(-S)SRcc, -P(-0)2Raa, -P(=0)(Raa)2, -P(=0)2N(Rcc)2, 

-P(-G)(NRC'C)2, C|_5O alkyl, C2_5o alkenyl, C2- 50 alkynyl, C^.IQ carbocyclyl, 3-14 membered 

heterocyclyl, aryl, and 5-14 membered heteroaryl, or two Rcc 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, heterocyclyl, aryl, and heteroaryl is 

independently substituted with 0, 1, 2, 3, 4, or 5 Rdd groups; 

each instance of Raa is, independently, selected from Ci_5o alkyl, C2-50 alkenyl, C2_5o 

alkynyl, C3_io carbocyclyl, 3-14 membered heterocyclyl, C6_i4 aryl, and 5-14 membered 

heteroaryl, or two Raa 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 Rdd groups; 

each instance of Rbb is, independently, selected from hydrogen, -OH, -OR33, -

N(RCC)2, -CN, -C(=0)Raa, -C(=0)N(RCC)2, -C02Raa, -S02Raa, -C(-NRcc)ORaa, -

C(-NRCC)N(RCC)2, -S02N(RCC)2, -S02RCC, -S020RCC, -SOR33, -C(-S)N(RCC)2, -C(=O)SR0C, -

C(=S)SRcc, -P(=0)2Raa, -PeO)(Raa)2, -P(-0)2N(RCC)2, -P(-0)(NRCC)2, C^O alkyl, C2_50 

alkenyl, C2-50 alkynyl, C3_io carbocyclyl, 3-14 membered heterocyclyl, C6-14 aryl, and 5-14 

membered heteroaryl, or two Rbb 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 Rdd 

groups; 

each instance ofRcc is, independently, selected from hydrogen, Cj_50 alkyl, C2-50 

alkenyl, C2-50 alkynyl, C3_i0 carbocyclyl, 3-14 membered heterocyclyl, C6-i4 aryl, and 5-14 

membered heteroaryl, or two Rcc 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 Rdd 

groups; 

each instance of Rdd is, independently, selected from halogen, -CN, -NO2, -N3, -

S02H, -SO3H, -OH, -ORee, -ON(Rlr)2, -N(R1T)2, -N(Rfl)3+X~ -N(ORec)RfI, -SH, -SRee, -

SSRee, -C(=0)Ree, -C02H, -C02Ree, -0C(=0)Rre, -0C02Ree, -C(=0)N(Rrr)2, -

0C(=0)N(Rff)2, -NRITC(=0)Ree, -NRffC02Ree, -NRfrC(=0)N(Rfr)2, -C(=NRfr)ORee, -

OC(=NRrf)Rce, -OC(=NRff)ORee, -C(=NRff)N(RfF)2, -OC(=NRff)N(RIT)2, -

NRffC(==NR<l)N(Rff)2,"NRffS02R<:e, -S02N(Rff)2, -S02Ree, -S020Ree, -0S02Rec, -S(=0)Ree, 

-Si(Ree)3, -OSi(R0C)3, -C(=S)N(Rff)2, -C(=0)SRee, -C(=S)SRee, -SC(=S)SRee, -P(=0)2Ree, -

P(=0)(Rec)2, -0P(=0)(Ree)2, -0P(=0)(0Rce)2, C,-50 alkyl, C2_50 alkenyl, C2_5o alkynyl, C3_,0 

carbocyclyl, 3-10 membered heterocyclyl, C6-io 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 Rgg groups, or two geminal Rdd substituents can be joined to 
form =0 or =S; 

each instance of Ree is, independently, selected from Cj_50 alkyl, C2-50 alkenyl, C2-50 

alkynyl, C3_io carbocyclyl, C6-io 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 Rgg groups; 
i'f each instance of R is, independently, selected from hydrogen, C]_5o alkyl, C2-50 

alkenyl, C2-50 alkynyl, C3_io carbocyclyl, 3-10 membered heterocyclyl, C6-io aryl and 5-10 

membered heteroaryl, or two Rfl 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 R88 

groups; and 

each instance of Rsg is, independently, halogen, -CN, -NO2, -N3, -S02H, -SO3H, -

OH, -OC,_5o alkyl, -ON(C,_5Q alkyl)2, -NfC^so alkyl)2, -NCC^o alkyl)3+X" -NHCC^o 

alkyl)2+X" -NH2(C1_50 alkyl) Y, -NH3"X -NCOC^O alkyl)(Ci_5o alkyl), -N(OH)(C,_5o 

alkyl), -NH(OH), -SH, -SCX 50 alkyl, -SS(C,_5o alkyl), -C(=O)(C^.50 alkyl), -C02H, -

CO2(Ci-50 alkyl), ~OC(-0)(C^o alkyl), -OCO2(Ci_50 alkyl), -C(=0)NH2, -C(-O)N(C1_50 

alkyl)2, -OC(=O)NH(C]^50 alkyl), -NHC(=0)( C1-50 alkyl), -N(C,.5o alkyl)C(=0)( C,_5o 

alkyl), -NHCO2(CI-50 alkyl), -NHC(-0)N(C,_5o alkyl)2, -NHC(=0)NH(C,_so alkyl), -

NHC(-0)NH2, -C(-NH)O(CI_50 alkyl),~~OC(-NH)(C]_5O alkyl), -OC(=NH)OCi_50 alkyl, -

C(=NH)N(C1_S0 alkyl)2, -C(==NH)NH(C]-5O alkyl), -C(-NH)NH2, -OC(-NH)N(CJ_50 
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alkyl)2, -OC(NH)NH(CI_5O alkyl), -OC(NH)NH2, -NHC(NH)N(CI_50 alkyl)2, -

NHC(-NH)NH2, -NHSO2(CI_50 alkyl), -SO2N(CI_50 alkyl)2, -S02NH(C].5o alkyl), -

SO2NH2,-SO2Ci_50 alkyl, -SO2OCj_50 alkyl, -0S02Ci_6 alkyl, -SOC,_6 alkyl, -Si(C,_5o 

alkyl)3, -OSi(C,_6 alkyl)3 -C(=S)N(C,_50 alkyl)2, C(=S)NH(CI_5O alkyl), C(=S)NH2, -

C(=0)S(C!_6 alkyl), -C(=S)SCJHS alkyl, -SC(-S)SCi_6 alkyl, -P(=O)2(Ci_50 alkyl), -

P(=O)(C,_50 alkyl)2, -OP(=O)(Ci_50 alkyl)2, -OP(=O)(OCl_50 alkyl)2, C^o alkyl, C2^o 

alkenyl, C2_5o alkynyl, C3_io carbocyclyl, C6-io aryl, 3-10 membered heterocyclyl, 5-10 

membered heteroaryl; or two geminal Rgg substituents can be joined to form =0 or =S; 

X" is a counterion; 

a nitrogen protecting group is -OH, -~ORaa, -N(RCC)2, -C(=0)Raa, -C(=0)N(Rcc)2, -

C02Raa, -S02Raa, -C(-NRcc)Raa, -C(=NRcc)ORaa, -C(-NRcc)N(Rcc)2, -S02N(Rcc)2, -S02Rcc, 

-S020Rcc, -SORaa, -C(-S)N(RCC)2, -C(-0)SRCC, -C(-S)SRcc, Ci_i0 alkyl, C2_10 alkenyl, C2-

JO alkynyl, C3_io carbocyclyl, 3-14 membered heterocyclyl, CS-M aryl, and 5-14 membered 

heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl, 

aryl, and heteroaryl is independently substituted with 0, 1,2, 3, 4, or 5 Rdd groups; and 

an oxygen protecting group is -Raa, -N(Rbb)2, -C(=0)SRaa, -C(=0)Raa, -C02Raa, -

C(=0)N(Rbb)2, -C(=NRbl')Raa, -C(=NRbb)ORaa, -C(=NRbb)N(Rbb)2, -S(=0)Raa, -S02Raa, -

Si(Raa)3,-P(Rcc)2, -P(RCC)3, -P(=0)2Raa, ™P(=0)(Raa)2, -P(=0)(0Rcc)2> -P(=0)2N(Rbb)2, 

and -P(=0)(NRbb)2. 

3. The compound of claim 1 or 2, or salt thereof, wherein at least one instance of R2 is 

hydrogen. 

4. The compound of claim 1 or 3, or salt thereof, wherein each R1 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: 
R6 
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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) is a group of formula (i-a): 

YRP 

R, 
(i-a) 

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

group of formula (i-al): 

YRP 

R( 

(i-al) 

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

group of formula (i-a2): 

Rk R' 
^-YRP 

R' 
(i-a2) 

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

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

(i-b) 

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

group of formula (i-bl): 
RV 

\—YRP 

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

group of formula (i-b2): 
D' 

-YRP 

13. The compound of any one of claims 1-12, or salt thereof, wherein RL is optionally 

substituted C6-20 alkyl. 

14. The compound of claim 13, or salt thereof, wherein RL is unsubstituted C<j.2oalkyl. 

15. The compound of any one of claims 1-14, wherein the compound is of formula: 

R\ /R7 

N 
t 
L 

HN—( 

R6 \—NH 
\l—/ 
i 

R7 (III-c2) 
6 1 wherein R is a group of formula (i) and R is a group of formula (i). 

16. The compound of any one of claims 1-15, wherein the compound is of formula: 

R6^ /R7 

N 

L 
HN—/ °=< 

Re V-NH 

N—L 
R7 (III-c2) 

6 1 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: 
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HO C8H 17 

R1 

o=/ y=o 
VfN 

R1 

HQ C11H23 

N-
O 

R1 

R2 

R1 

HO C9H19 

N-
0=/ ^=0 

V-N 

O 
•N 

R2 

R1 

HOVC12H25 

\l 
O 

R1 

R1 

R< 

R1 

0 

R* 

HO C10H21 

l"\ 
N-

O 

R1 

HO C13H27 
V|^ 

N 
O 

R 

O 
-N 

HO C14H29 

K 
N 0=V 

R1 

R1 

O 
-N 

R< 

CgH-57 O 
.0 

R 

R1 

R1 

R" 

R1 

O 
-N 

R* 

N—{ 
0==/ y=o 

/ ^ 
1 R2 

CgH-jg O 
o 

D1 

M__/ 

o 

R 

>=0 

R' 

C10H21 O 

IM-
R1 

0=/ >=o y~( 
R1 R; 

CHH23—O 

O12H25 o 

N-
O 

R1 

R1 

O 
•N 

R' 

C13H27 o 

O 

A 
N-

0 

R1 

R1 

O 

R' 
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and salts thereof, 

wherein: 

p is 1; and 

R1 is -H , ~CH3,-CH(CH3)2, -CH(CH3)(CH2CH3), -CH2CH(CH3)2, 
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.o 

R7'%6 OR6 R6O^ ^OR6 

.0 

S0R6 R7'NsR6 
O^N-R6 

k \ SR6 

wherein: 

«AAAA/ »A AA» 

"0Re , or 

and 

R6 and R7 are each independently hydrogen, or a group of formula (i) or (ii); 

provided that at least one instance of R6 and R7 is a group of the formula (i) or (ii); 

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

•N- ^R6 ^ Y° 
H R7 , R7'V, R7'%%r 

c^VR 

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

consisting of: 
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C10H21 — 

HO—X ^ 

^-12^25. N 
Ho—X ^ 

^ C12H25 
OH 

°13n27/ N 

|_|Q \ \, 

^C13H27 

OH 
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CIIHJ3—NH 

C11H9 

1 

HN 
CinH- C11H3 
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and salts thereof, wherein p is 1. 

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

consisting of: 
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OH 
CsH.< 

CgHiT 

HO^T^ 
C8H17 

NH 
HN 

C8HI; 
N-^yOH 

C8H17 

HO 

HO^h^ 
C9H-19 

HO-T— 
C9H1Q 

9n19 

'10n21 

HO-T—' 
C1£)H2I 

OH 
CI0H2I 

HO'T^ 
C10H2I 

CinHo>r NH 

HO 

CmH 
10n21 

10n21- C10H21 

HO 
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OH 

OH 
.C11H23 

CitH23 

C^HO3 HH 
HN 

CI1H23 

HO 

OH 

HH 

HO 

CHH23X^ CHH23 

HO 

OH 

,Ci2^25 

H01X 

C^H25X^J CI2^25 

HO 

Ci2H25 

Ci2^25-^> 0-^25 

HO 

Cl3H27\^X C13H27 

HO 

0*13^27 

HO 
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C14H29 

HO-T-T 
CtdH29 

Ci4H29\ CWH29 

HO 

C^Hasx^J CI4H29 

HO 

C-^H^ 

/^12n25 

OH O 

•C^o^i 

CKG-E12 
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HO. XmH 10n21 

C10H21 

CYK-E12 

O 

NH 

HN 

HO. X10H2I 

N' 

'CIQH2I 

OH 

O 

NH 

HN 

O HO. /C^OH2-J 

C10H21 
CDK-E12 

OH 

O 

NH 

HN 

O HO. X10H2. 

'N' 

CMK-E12 
C10H21 

OH 

0 O 

NH 

HN 

NH 

0 

HN 

HO. /C10H21 0 

'N' 

-CmH 10 n21 
CKV-E12 

OH 

HO. XmH 10n21 

"N" 

CAK-E12 
CmH 10n21 

OH 
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0 

HO Y NH 

HN. 

HO. X10H21 

C10H21 

0 HO. XmH 10 n21 

CIK-E12 CSK-E12 
CmH 10 n21 

OH 
and salts thereof. 

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

'10n21 

HO'T^' 
CI0H2I 

10n21 

or salt thereof. 

21. A composition comprising a compound of any one of claims 1-20, 01* 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. 

253 



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. 
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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 RNA/, 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 peptide. 

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 RNA/, 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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What is claimed is: 

compound of Formula (III): 

(III) 
or salt thereof; 

wherein: 
p is an integer ̂ between 1 and 9, inclusive; 

each instance of Q% independently O, S, or NRQ, wherein RQ is hydrogen, optionally 

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

substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl, 

optionally substituted heteroaryl, a nitrogen protecting group, or a group of the formula (i), 

(ii), (ili); 

each instance of R' is independently, hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkenyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, halogen, -ORA1, -N(RA1)2, -SRA1; whereirt\each occurrence of RA1 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 p^tecting group when attached 

to an oxygen atom, a sulfur protecting group when attached to an Stilfur atom, a nitrogen 

protecting group when attached to a nitrogen atom, or two RA1 groupWre joined to form an 

optionally substituted heterocyclic or optionally substituted heteroaryl ril 
or at least one instance of R1 is a group of formula: 

F? 
|—L—N 

R7 (iv) 

wherein L is an optionally substituted alkylene, optionally substituted alkenylen? 

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 

R6 andR7 are each independently selected from the group consisting of hydrogen, 

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

optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl,ltotionaliy substituted heteroaryl, and a nitrogen protecting group; 

elfch instance of R2 is independently hydrogen, optionally substituted alkyl, optionally 
substituted lycenyl, optionally substituted alkynyl, optionally substituted carbocyclyl, 

\ optionally subswuted heterocyclyl, optionally substituted aryl, optionally substituted 
heteroaryl, a nitro^n protecting.group, or a group of the formula (i), (ii), or (iii); and 

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

R' or 

(ii) (iii) 

wherein: 

each instance of R' is independentlJ%ydrogen or optionally substituted alkyl; 

X is O, S, NRX, wherein Rx is hydrogek optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl^pptionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted ai"yl, optionally substituted 
\ 

heteroaryl, or a nitrogen protecting group; 

Y is O, S, NRY, wherein RY is hydrogen, optionally^abstituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally s^stituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

RP is hydrogen, optionally substituted alkyl, optionally substitute3fcilkenyl, optionally 

substituted alkynyl, optionally substituted carbocyclyl, optionally substitutecMieterocyclyl, 

optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting group 

when attached to 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 

R1' is optionally substituted C5.50 alkyl, optionally substituted C2-50 alkenyl, optioi 

substituted C2-50 alkynyl, optionally substituted heteroCi-50 alkyl, optionally substituted 

heteroC2-5o alkenyl, optionally substituted heteroC2-so alkynyl, or a polymer; 
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provided that at least one instance of RQ, R2, R6, or R7 is a group of the formula (i), 

(ii), or (iii). 

k2. The compound of claim 1, wherein the compound is of Formula: 

R? 

R1 when p is 1; 
R? °1 

R1—) N-

Q when pis 2; 

when p is 3; 

R2' 

Q R1 when p is 4; 

Q R1 

R,Y^N^YQ 
QYN-R^2R2'NYR1 

R-V 
M. 

CT Y "R1 

R1 Q when p is 5; 
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I R2'N 
^ ***R2 ^=Q 

R2—N 

R* R2S 
QS^SV^N / -Q 

RI y^Ri 

R1 

whenp is 6; 

when p is 7; 

Q. 

R1 

N 

Q *2 

R2 V-N Q 
N-< y~i / 

R1 R1 N—( 
R1 R2' ^=Q 

R2-N V™R1 
r R1 Q=/ 
\—( .Q Q N-R2 

cTw K 
R2 /—N R1 

R1 R2 

^R2 

R2 

when p is 8; or 
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when p is 9, 

or a salt theiieof. 

3. The compound of claim J, wherein each instance of Q is O. 

4. The compound oMaim I, wherein at least one instance of R2 is H. 

5. The compound of darnel, wherein R is a group of formula (iv). 

6. The compound of claim 1, wnlrein L is an optionally substituted alkylene. 

7. The compound of claim 1, wherein tftq group of formula (iv) is of formula: 
<E>6 

% n\. 

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

8. The compound of claim 1, wherein the group of formufii^i) represents a group of 
formula (i-a) or a group of formula (i-b): 

Rk R' 
YRf 

(i-a) 

9. The compound of claim 8, wherein the group of formula (i-a) is a group of formula (i-
al) or a group of formula (i-a2): 
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Rt. R' 
^ y~YRp 

R' 
(i-a2). 

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

of formula (i-b2): 
D' 

YRP 

R'v RL 

(i-b2) 

11. The compound o%claim 1, wherein the compound is selected from the group 

consisting of: 
HO C8H17 r 

VK I/1 
°K >=0 

V-N 
R1 V 

HO CI-|H23 

Kl/ 
N--< 

0=/ V=o 

HO CgH19 

v ^1/ V hi--/ 

>=o 
~-N 

HQ 9io^2i 

"\ 
N-

R1 

0=/ y^O 
>--N 

R' 

HNV 
R 1 o2 

HO C12H25r \J "A 

R1 R2 

HO C13H27r 
\ I p1 

0=/ ^=0 
V-N 

>1 R2 R1 

HO C14H29r VK / 
N—( 

0=/ y=o 
V"NX 

R1 R2 

CgH-jg 0 ^ ^ 

O 
C8H17-O-Y 

N 

"n-R1 R* 

p 

R1 

O 
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.0 o 

C8H17—^ B1 

N~ 

°y<" 
R1 R2 

C9H19—<v R1 \ Ci0H <21 \ 

CI2H25~A^ F1 

N—( 
0=/ y=o 

)—N 
R1 R2 

cnH23~\ J*1 

R1 R2 

C14H29—\ 

, and R1 R' 

and salts thereof, 

wherein R1 is selected from the group consisting of: 
~H,-CH3,-CH(CH3)2, -CH(CH3)(CH2CH3), :H2CH(CH3)2, 

NH 

R7 

.0 

R7" %R6 OR6 R60-^0 OR6 
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tfVVW 

wherein R6 andW are each independently selected from the group consisting of hydrogen, 

optionally substitutMalkyl, optionally substituted alkenyl, optionally substituted alkynyl, 

optionally substituted cWbocyclyl, optionally substituted heterocyclyl, optionally substituted 
\ 

aryl, optionally substitutetftaeroaryl, a nitrogen protecting group when attached to a 

nitrogen atom, an oxygen protecting group when attached to an oxygen atom, and a sulfur 

protecting group when attached tka sulfur atom, or a group of formula (i), (ii), or (iii). 

12. The compound of claim 1, wheWn the compound is selected from the group 

consisting of: "V 
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OH 
C0H1 

13. The compound of claim 1, wherein the compound ^selected from the group 

consisting of: 
OH 
1>8H17 

HO-^"N-
C8HU 

NH 
HM 

OH 

Ho-^r^r 
c8H17 

C8H17. CSHIT 

HO 
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A compound of 

or salt thereof; 

wherein: 

n is 0 or is an integer between 1 and 100,080, inclusive; 

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

each instance of Z is independently O, S, or NR^wherein R is hydrogen, optionally 

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

substituted carbocyclyl, optionally substituted heterocyclyl, opttenally substituted aryl, 
optionally substituted heteroaryl, a nitrogen protecting group, or a^oup of the formula (i), 

(ii), or (Hi); 

each instance of R1 is independently hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted canfecyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substS 

heteroaryl, halogen, -ORM, -N(RM)2, or -SRM; wherein each occurrence of RM 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 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 RA1 

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

heteroaryl ring; 

R2 is a group of formula (i), (ii), or (iii); 

R3 is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

subsisted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionaffksubstituted aryl, optionally substituted heteroaryl, a nitrogen protecting group, or a 
group of thetformula (i), (ii), or (iii); 

or R3 and an R1 group are joined to form an optionally substituted 5-6 membered 
heterocyclic ring;\ 

R4 is -ORA4, -WRA4)2, or -SRA4, wherein each occurrence of RM is independently 
hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, optionally substitute 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 to an sulfur atom, a nitrogen 

protecting group when attached to a iwogen atom, or two RA4 groups are joined to form an 

optionally substituted heterocyclic or optionally substituted heteroaryl ring; 

R5 is hydrogen, optionally substituteaMkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, optionally substituted hS^roaryl, or a nitrogen protecting group; 

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

R\ /RL 

f \ HO V Rl 
R' R' or 

(i) (ii) (iii) 

wherein: 

each instance of R' is independently hydrogen or optionally substituted 

X is O, S, NRX, wherein Rx is hydrogen, optionally substituted alkyl, optidtally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

R*. 
Ri: YR1" 
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Y is O, S, NRY, wherein R1 is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

leteroaryl, or a nitrogen protecting group; 

Rp is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

subsisted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

substituted aryl, optionally substituted heteroaryl, an oxygen protecting group 

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

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

RL is optionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 alkyrto, optionally substituted heteroCi-50 alkyl, optionally substituted 

heteroC2-so alkenyl, optionally substituted heteroC2-5o alkynyl, or a polymer. 

15. The compound of clairr 14 of formula: 

R1 \. , where 11 is 0; 

F 
R2———N, 

V|/m \ 1/ m 

R1 R1 \, where nisi; % 

f f\ t M f Z%\ R2, |\J^y yjx [S|^/ N. ' • -U 
m \ / m 

R1 D1 Rl R1 ,\%erenis2; 

2 :3 1 f jr r s f j 
R2—JJ No- sJ > R4 

R R R 
m \ 1/ m 

1 R1 

Of 

R3 Z R5 Z R5 

R2— N N 

or salt thereof. 

m \ I / m 
R1 R1 

R5 Z Rs Z 
•fit*, xJ1 3 R4 

R 
\]jm 

>1 , where n is 4; 

16. The compound of claim 14, wherein at least one instance of R1 is a group of formula: 
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I—L—N 
R7 (iv) 

wherein L is an optionally substituted alkylene, optionally substituted alkenylene, 

)tionally substituted alkynylene, optionally substituted heteroalkylene, optionally 

substituted heteroalkenylene, optionally substituted heteroalkynylene, optionally substituted 

carboc^clylene, optionally substituted heterocyclylene, optionally substituted arylene, or 

optionall^ubstituted. heteroarylene, and 

Rn ante7 are 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; 
»£ *-• -7 

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

(i) V (ii) (iii) 

wherein: 

each instance of Rr is independently hydrogen or optionally substituted alkyl; 
v v 

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\ryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

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, optional substituted 

heteroaryl, or a nitrogen protecting group; 

Rp is hydrogen, optionally substituted alkyl, optionally substituted alkfcoyl, optionally 

substituted alkynyl. optionally substituted carbocyclyl, optionally substituted hetOKpcyclyl, 

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 al 

or a nitrogen protecting group when attached to a nitrogen atom; and 
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RL is optionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 alkynyl, optionally substituted heteroCi-50 alkyl, optionally substituted 

heteroC2-5o alkenyl, optionally substituted heteroC2-5o alkynyl, or a polymer. 

The compound of claim 16, wherein L is an optionally substituted alkylene. 

PCT/US2012/062222 

18. %e compound of claim 16, wherein the group of formula (iv) is of the formula: 

/ 

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

19. The compound of claim 16, wherein each instance of R1 is a group of formula (iv). 

20. The compound of claim l\ wherein each instance of Z is O. 

21. The compound of claim 14, wlwein each instance of m is 1. 

22. The compound of claim 14, wherein each instance of R5 is hydrogen. 

23. The compound of claim 14, wherein R2 is\group of the formula (i), (ii), or (iii), and 

R3 is hydrogen. 

24. The compound of claim 14, wherein R" and R are ^e same group selected from 

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

25. The compound of claim 14, wherein the group of formula (i) ̂ ^pyesents a group of 

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

YRF 

R' 
(i-a) 

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

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

YRF 

R\ R' 
y™YRF 

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): 
R\ 

YRP 

D' DL 

fe(i-bi) (i-b2) 

28. The compound declaim 14, wherein the compound is of Formula (I~f4): 

or salt thereof. 

(I-f4) 

29. The compound of claim 14, wherein the compound is of Formula (I-f5): 
DL 

RPY 

R\ 
RPy / 

N-

0 f^5 

—N-

k.xR6 

R7 

O 
-R4 

*N' 
R7 

-f5) 

or salt thereof. 

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

RLX. 
o 

o. -N-

0 R5 

(I-f8) 

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

RLX. S-O 

(I-f9) 

The compound of claim 14, wherein the compound is of Formula (I-f 12): 

O 

(I-fl2) 

or salt thereof. 

33. The compound of claim 14, whereikthe compound is of Formula (I-fl3): 

(I-f 13) 

or salt thereof. 

34. The compound of claim 14, wherein the compound is selectel^from the group 

consisting of: 

HO C8H17 

N" 

A"7 
HO OgH-iy 

0 

O 

ORA4 

n Rl 

HO C9H19 

r\ 
HO OQH-JQ 

' 0 « R1 
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tl o R1 

Ho 
H0 011H, 

if 

0 
123 

R1 
^ORM 

/T7 L I rnOK* Hc/h13H27 0 V 
HQ 

uJ \ 
Ho c^!s 

0 

0 

c 10HZ 0 

\ 

CIOH2I^Q/ 

O 

0 

CHH23~^0 ft ^ 
ORM 

N 
CnH23^0_/™^ 6 

0 

0 

C,2^"~°~{_A fe< 
Al 

0 
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., C9H19 , ̂  
ORA4 N 

CgHig 

R1 

V 
0 

0 

OR A4 

n R1 

A, C11H23--\ 
0RA4 N-

CHH23 'O 

0 

OR A4 

n Rl 

12n25 

R1 1 0 

N^AOR- C,3H2^N' 
n R1 C13H27 O • 

0 

OR A4 

n R1 

and 

and salts thereof, 
wherein R1 is selected from the grot insisting of: 

-H , -CH3. -CH(CH3)2, -CH 10(CH2CH3), -CH2CH(CH3)2, 

R7" %R6 OR6 R6O X> OR6 

I 
.0 

OR6 R7'H^R6 

O^ N' 
^*VWv 

SR6 
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T3 OR6,and 

rein R6 and R7 are each independently selected from the group consisting of hydrogen, 

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

optionalljLsubstituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl, optionally substituted heteroaryl, a nitrogen protecting group when attached to a 

nitrogen atom, Ikoxygen protecting group when attached to an oxygen atom, and a sulfur 

protecting group wken attached to a sulfur atom, or a group of formula (i), (ii), or (iii). 

35. The compound ofMaim 14, wherein the compound is selected from the group 

consisting of: 

CI0H2I 

HCTT-^ 
£-10^21 

HO 
C-J0H21 

C10H21 

HO 

H2 I u 
<T^NYA-OR-

^10"21 I 
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36. A compound of Formula (II): 
W 

R 
R' 

R' (II) 

or salt tH%eof; 

wherein: 

each in^ance of R' is independently hydrogen or optionally substituted alkyl; 

each instanle of R1 is independently hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, oMonally substituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted he&^ocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, halogen, 

-ORA1, -N(RA1)2, or -SRA1; wheita. each occurrence of RAi is independently hydrogen, 

optionally substituted alkyl, optionMy substituted alkenyl, optionally substituted aikynyl, 
\ optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl, optionally substituted heteroaryl, anxbxygen protecting group when attached to an 

oxygen atom, a sulfur protecting group wheirattached to an sulfur atom, a nitrogen protecting 

group when attached to a nitrogen atom, or two groups are joined to form an optionally 

substituted heterocyclic or optionally substituted helferoaryl ring; 

each instance of W is independently O, S, or NH^, wherein Rw is hydrogen, 

optionally substituted alkyl, optionally substituted alkenyl%ptionally substituted aikynyl, 

optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl, optionally substituted heteroaryl, a nitrogen protecting group^or a group of the formula 

(i), (ii), or (iii); 

each instance of Y is independently O, S, or NRY, wherein R1 isNaydrogen, optionally 

substituted alkyl, optionally substituted alkenyl, optionally substituted alkyria/1, optionally 

substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl, 

optionally substituted heteroaryl, or a nitrogen protecting group; 

R8 is hydrogen, a group of the formula (i), (ii), or (iii), or a group of the formi% (v): 

L Al- .A3 AI 
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\ (v) 

wb&ein: 

is 0 or is an integer between 1 and 100,000, inclusive; 

eaki instance of m is independently 1, 2, or 3; 

each instance of Z is independently O, S, or NRZ, wherein Rz is hydrogen, optionally 

substituted alkylfipptionally substituted alkenyl, optionally substituted aikynyl, optionally 

substituted carbocySiyl, optionally substituted heterocyclyl, optionally substituted aryl, 

optionally substituted nfeteroaryl, a nitrogen protecting group, or a group of the formula (i), 

(ii), or (iii); \ 

R2 is a group of formuJa (i), (ii), or (iii): 

R3 is hydrogen, optionallWubstituted alkyl, optionally substituted alkenyl, optionally 

substituted aikynyl, optionally subs&ited carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, optionally sl&stituted heteroaryl, a nitrogen protecting group, or a 

group of the formula (i), (ii), or (iii); \ 

or R3 and an R1 group are joined to foi%$ an optionally substituted 5-6 membered 

heterocyclic ring; \ 

R5 is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted aikynyl, optionally substituted carbocyclyl, c%tionalIy substituted heterocyclyl, 

optionally substituted aryl, optionally substituted heteroaryl^pr a nitrogen protecting group; 
Formulae (i), (ii), and (iii) are: 

(i) (ii) (iii) 

wherein: 

each instance of R' is independently hydrogen or optionally substituted alky 

X is O, S, NRX, wherein Rx is hydrogen, optionally substituted alkyl, optional! 

substituted alkenyl, optionally substituted aikynyl, 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 aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

leteroaryl, or a nitrogen protecting group; 

Rp is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

subsisted aikynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optional^substituted aryl, optionally substituted heteroaryl, an oxygen protecting group 

when attached to 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 

RL is optionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 alkytfjjd, optionally substituted heteroC 1-50 alkyl, optionally substituted 
heteroC2-5o alkenyl, optically substituted heteroC2-5o aikynyl, or a polymer; 

8 1 or R and an R groups are joined to form an optionally substituted 5-6 membered 

heterocyclic ring. 

37. The compound of claim 36, erein W is O. 

38. The compound of claim 36, whereiriY is O. 

39. The compound of claim 36, wherein at le&st one instance of R1 is a group of formula: 

J—L—N ^ 
R7 (iv) 

wherein L is an optionally substituted alkylene, optionally substituted alkenylene, 

optionally substituted alkynylene, optionally substituted heteroalkylene, optionally 

substituted heteroalkenylene, optionally substituted heteroalkynylefte, optionally substituted 

carbocyclylene, optionally substituted heterocyclylene, optionally subs^uted aiylene, or 
optionally substituted heteroarylene, and 

lydrogen, 
optionally substituted alkyl, optionally substituted alkenyl, optionally substitutecfcelkynyl, 

optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl, optionally substituted heteroaryl, and a nitrogen protecting group; 

provided at least one instance of R6 and R7 is a group of formula: 
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RL\™YRF n 
G) 

RWRI 
hP 

(ii) 

or 

(Hi) 

jach instance of R' is independently hydrogen or optionally substituted alkyl; 

O, S, NRX, wherein Rx is hydrogen, optionally substituted alkyl, optionally 

substituted akenvl, optionally substituted aikynyl, optionally substituted carbocyclyl, 
optionally subst%ted heterocyclyl, optionally substituted aryl, optionally substituted 
heteroaryl, or a nitrogen protecting group; 

Y is O, S, NR^wherein RY is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 
heteroaryl, or a nitrogen protective group; 

Rp is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted aikynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, optionally subsfouted heteroaryl, an oxygen protecting group 

when attached to an oxygen atom, a sulfur protecting group when attached to a sulfur atom, 
or a nitrogen protecting group when attached to^^trogen atom; and 

RLis optionally substituted CMO alkyl, optiori^Hy substituted C2-50 alkenyl, optionally 
substituted C2-50 aikynyl, optionally substituted heteroCjW, alkyl, optionally substituted 

heteroC2-5o alkenyl, optionally substituted heteroC2-5o aikynyl, or a polymer. 

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

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

FjJ6 

x 
'formula: 

R' 

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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V_VOP 

43.1k The compound of claim 42, wherein the group of formula (i-a) is a group of formula 

(i-al) o^ group of formula (i-a2): 

Rt R' 
V-YRP 

R' 
(i-a2). 

44. The compound of^laim 42, wherein 

(i-bl) or a group of formula ̂ rb2): 
R\ 

-YRP 

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

•i 

YRP 

R,s RL 

(i-b2) 

45. The compound of claim 36, wherein the^ompound is of Formula (Il-b): 
fj>6 0 ^ 

R7—N—L 

i '« 

RL(n-
or salt thereof. 

46. The compound of claim 36, wherein the compound is of 
O 

> 

f 
R2—N-

Z R5 

R1 R1 

or salt thereof. 

47. The compound of claim 36, wherein the compound is of Formula (Il-d) 



thereof. 

V* 
N •a RL 

R (n-d) 

e compound of claim 36, wherein the compound is of Formula (Il-d): 

RLX. ^ >L 

0 (Il-e) 
or salt thereof. 

49. The compound of claim 36, wherein the compound is of Formula (Il-f): 

•^K 
or salt thereof. 

RL (Il-f) 

50. The compound of claim 36, wherein the\ompound is selected from the group 

consisting of: 
O 0 o 

HNL HN 
C8H17 

Rl RV^o R3 O-

CoH 
HN 

9n19 

o 
HN 

C-HH 

0 
O 0 o 

Rl ^-o RVS> Rl o 
HN. sK HN 

"Ci2H25 

R 

11n23 

0 

HN. HO 
C13H27 C14H29 . 

'C8H17 

o 0 o 
Rl 

•Q 

HO' 

o R 

CgHu 
C9H19 HO-

o 

CmH 10n21 
CI0H21 HO' — Xm 

O11H23 
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o o 

'0 
R 

^12^25 

salts thereof, 

C12H25 HO 

O 

C13H 
C13H27 

27 , and CnH 
CnH 14n29 

14n29 

wher%i R is selected from the group consisting of: 

-H , -CH3;-CH(CH3)2, -CH(CH3)(CH2CH3), -CH2CH(CH3)2, 

wherein R and R are each independently selected fronl|he group consisting of hydrogen, 

optionally substituted alkyl, optionally substituted alkenyC%>tionally substituted aikynyl, 

optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl, optionally substituted heteroaryl, a nitrogen protecting groujWhen attached to a 

nitrogen atom, an oxygen protecting group when attached to an oxygfcin atom, and a sulfur 

protecting group when attached to a sulfur atom, or a group of formula (V (ii), or (iii). 

51. The compound of claim 36, wherein the compound is selected from 

consisting of: 
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H 

C H -"T"^ Y CioH21 OH NH 

10n21 

PCT/US2012/062222 

10H2 

H0^Y ^ ^10H21 
L/i0h2i 'C10H21 

o Ha 

C10H2-

<T^ v ^10H21 
Ui0n2i 

'10n21 

C1(1H 10 n21 

C10H21 

HCT^ 
C10H21 

O 

CinH 
HN 

10n21 

HO"XY ,v«H^ O10H21 

o 

10n21 
10n21 
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cioH2i and salts thereof. 

A compol|id of Formula (IV), (V), or (VI): 
%, 02 D. n 

R 
"U 

R2-N V-R1 

(VI) 

or salt thereof; 

wherein: 

each instance of Q is independently^ S, or NRQ, wherein RQ is hydrogen, optionally 

substituted alkyl, optionally substituted alkenylk>ptionally substituted aikynyl, optionally 

substituted carbocyclyl, optionally substituted hetei^cyclyi, optionally substituted aryl, 

optionally substituted heteroaryl, a nitrogen protectinjlgroup, or a group of formula (i), (ii), 
(iii); \ 

each instance of R1 is independently hydrogen, optioMly substituted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optimally substituted 
heteroaryl,halogen, -ORA1, -N(RA1)2, or-SRAI;wherein each occurrencfeof RA1 is 

independently hydrogen, optionally substituted alkyl, optionally substituteckalkenyl, 

optionally substituted aikynyl, optionally substituted carbocyclyl, optionally substituted 

heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl, an oxyjjen 

protecting group when attached to an oxygen atom, a sulfur protecting group when 
to an sulfur atom, a nitrogen protecting group when attached to a nitrogen atom, or two'* 

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

heteroaryl ring; 

led 
,A1 



each instance of R2 is independently hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

leteroaryl, a nitrogen protecting group, or a group of formula (i), (ii), or (iii); and • 

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

R'v XRL 

'R' 
0 

or 

(ii) 

\-J 
(iii) 

RL 

wherein: 

each instance oT|R' is independently hydrogen or optionally substituted alkyl; 

X is O, S, NRX, wherein Rx is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally^ubstituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocycl^L optionally substituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting fK>up; 

Y is O, S, NRY, wherein RY is Hydrogen, optionally substituted alky], optionally 

substituted alkenyl, optionally substitutedi&ynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally^ubstituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

Rp is hydrogen, optionally substituted alkyl, Optionally substituted alkenyl, optionally 

substituted aikynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, optionally substituted heteroaryKari oxygen protecting group 

when attached to an oxygen atom, a sulfur protecting group w^n attached to a sulfur atom, 

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

RL is optionally substituted C1-50 alkyl, optionally substituted 8&-50 alkenyl, optionally 

substituted C2-50 aikynyl, optionally substituted heteroCi.50 alkyl, optionaW substituted 

heteroC-2-50 alkenyl, optionally substituted heteroCo.50 aikynyl, or a polymer, 

provided that at least one instance of RQ, R2, R6, or R7 is a group of the i^j-mula (i), 

(ii), or (iii). 

53. The compound of claim 52, wherein at least one instance of R is a group of form\a: 

1 f I—L—N 
R7 (iv) 
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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 

;arbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, or 

ionally substituted heteroarylene, and 

Jl6 and R7 are independently selected from the group consisting of hydrogen, 

optional^ substituted alkyl, optionally substituted alkenyl, optionally substituted aikynyl, 

optionally Instituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted 

aryl, optionally^ubstituted heteroaryl, and a nitrogen protecting group; 

provided af^east one instance of R and R is a group of formula: 

R\ 

-YR1 

R' or 

(i) (ii) (iii) 

wherein: 

each instance of R' is independ&tly hydrogen or optionally substituted alkyl; 

X is O, S, NR , wherein R is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkwyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally suB^tituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

Y is O, S, NRY, wherein RY is hydrogen, optioniliv substituted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optional substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl\ptionally substituted 

heteroaryl, or a nitrogen protecting group; 

RP is hydrogen, optionally substituted alkyl, optionally substilked alkenyl, optionally 

substituted aikynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, optionally substituted heteroaryl, an oxygen protesting group 

when attached to 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 

RL is optionally substituted Cj.so alkyl, optionally substituted C2-50 alkenyl, optimally 

substituted C2-50 aikynyl, optionally substituted heteroCi-50 alky1, optionally substituted 

heteroC2-50 alkenyl, optionally substituted heteroC2-so aikynyl, 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 
.N, 
q 

wherd? u is an integer between 1 and 50, inclusive. 

group of formula (i) represents a group of 

PCT/US2012/062222 

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

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

58. The compound of claim 56, wherein the group oOqrmula (i-b) is a group of formula 

(i-bl) or a group of formula (i-b2): 

YRF -YRP 

R'" 
(i-bl) (i-b: 

59. The compound of claim 52, wherein the compound is of Formula (TV-<\(V-c), or 

(VI-c); 
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V 
L—/ )—L 

R6-N ( M J 
R7 R2 O R6 

N—R' 

PCT/US2012/062222 

-N )—L 

hR7 
O L R6 

R8—1/ 
R7 

(V-c) (VI-c) 

or salt 

A compolgion comprising an APPL, or salt thereof, and an excipient; 

wherein the^PPL is an amino acid, a linear or cyclic peptide, or a linear or cyclic 

polypeptide, or stmctuiM. isomer thereof, wherein an amino or amide group of the APPL is 

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

(ii) (iii) 

wherein: 

each instance of R' is independently hydfogen or optionally substituted alkyl; 
X X X is O, S, NR , wherein R is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substitutedlkyl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

Jted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optionally substintfed carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optional substituted 
heteroaryl, or a nitrogen protecting group; 

Rp is hydrogen, optionally substituted alkyl, optionally substituted alkeH^l, optionally 
substituted aikynyl, optionally substituted carbocyclyl, optionally substituted het^cyclyl, 
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting group 
when attached to an oxygen atom, a sulfur protecting group when attached to a sulfur ate 

or a nitrogen protecting group when attached to a nitrogen atom; and 
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RLis optionally substituted C3-50 alkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 aikynyl, optionally substituted heteroCi.50 alkyl, optionally substituted 

heteroC2-5o alkenyl, optionally substituted heteroC^so aikynyl, or a polymer. 

6J\ The composition of claim 60, wherein the group is attached to an amino group present 

on mAPPL scaffold. 

62. Th^omposition of claim 60, wherein the composition is a pharmaceutical 

composition,^osmetic composition, a nutraceutical composition, or a composition with 

non-medical application. 

63. The compositio&of claim 62, wherein the composition with non-medical application 

is an emulsion or emulsifi% useful as a food component, for extinguishing fires, for 

disinfecting surfaces, or for ok cleanup. 
\ • \ 

64. The composition of claim 0% wherein the composition is a pharmaceutical 

composition. 

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

v 

66. The composition of claim 64, wherein the composition further comprises a PEGylated 

lipid. ^ 
S 

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

phospholipid 

68. The composition of claim 64, wherein the composition furthe^omprises an 

apolipoprotein. 

69. The composition of claim 60, wherein the composition further comprisfct 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 

polynucleotide is DNA or RNA. 

The composition of claim 71, wherein the RNA is RNAi, dsRNA, siRNA, shRNA, 

mil^SfA, or antisense RNA. 

73. T^e composition of claim 69, wherein the agent and the APPL are not covalently 

attached. 

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

75. The composition^ claim 74, wherein the particle is a nanoparticle or microparticle. 

76. The composition of claim 74, wherein the particle is a micelle, liposome, or lipoplex. 

77. The composition of claim 74k wherein the particle encapsulates an agent. 

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

providing a plurality of different APPLs, or salts thereof; and 

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

absence of a desired property; 

wherein the APPL is an amino acid, a linear orWclic peptide, or a linear or cyclic 
polypeptide, or structural isomer thereof, wherein an amin\ or amide group of the APPL is 

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

R. R'v XRL 

c RL\-YRP 

R' 

(i) 
or 

(ii) (iii) 

wherein: 

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

X is O, S, NRX, wherein Rx is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 
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optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

Y is O, S, NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally 

mbstituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

opfonally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heterc^gyl, or a nitrogen protecting group; 

is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted aikynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substfcuted aryl, optionally substituted heteroaryl, an oxygen protecting group 

when attached to ^oxygen atom, a sulfur protecting group when attached to a sulfur atom, 

or a nitrogen protectiii^yjroup when attached to a nitrogen .atom; and 

RL is optionally substituted C1.50 alkyl, optionally substituted C2-50 alkenyl, optionally 
x-

substituted C2-50 aikynyl, optionally substituted heteroCi.50 alkyl, optionally substituted 

heteroCi-so alkenyl, optionally substituted heteroC2-5o aikynyl, or a polymer. 

79. The method of claim 78, wherto 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 Rami 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 APPL and/or an agent complexed 

or attached thereto to aid in bioprocessing. 

80. Use of a composition comprising an APPL, or salt fl^reof for treating disease, 

disorder, or condition from which a subject suffers; 

wherein the APPL is an amino acid, a linear or cyclic peptide, or a linear or cyclic 

polypeptide, or structural isomer thereof, wherein an amino or amide\*oup of the APPL is 

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

R'\ RL^YRF 

R' 

(i) 

RV XR 

or 
RL 

(ii) (iii) 
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wherein: 

each instance of R' is independently hydrogen or optionally substituted alkyl; 
X X X is O, S, NR , wherein R is hydrogen, optionally substituted alkyl, optionally 

Substituted alkenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

oplkmally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

hetenwyl, or a nitrogen protecting group; 

O? S, NRY, wherein Rv is hydrogen, optionally substituted alkyl, optionally 

substituted Skenyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

optionally subsmuted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, or a nitikgen protecting group; 

Rp is hydroge^»ptionally substituted alkyl, optionally substituted alkenyl, optionally 
\ 

substituted aikynyl, optioMlly substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting group 

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

or a nitrogen protecting group wherkittached to a nitrogen atom; and 

RL is optionally substituted Ci-Valkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 aikynyl, optionally substituted heteroCi.50 alkyl, optionally substituted 

heteroC2-so alkenyl, optionally substituted heWoC2-5o aikynyl, or a polymer; 

wherein the disease, disorder, or condition is selectl^ the group consisting of 

proliferative disorders, inflammatory disorders, autoirmkune disorders, painful conditions, 
\ 

liver diseases, and familial amyloid neuropathies. 

An in vitro method of delivering a polynucleotide to a biotagical cell, comprising: 

providing a composition comprising an APPL, or salt thereorWnd a polynucleotide; 

and 

exposing the composition to the biological cell under conditions sur^cient 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 (3kcyclic 

polypeptide, or structural isomer thereof, wherein an amino or amide group of the Ai\L is 

conjugated to a group of formula (i), (ii), or (iii): 
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R\ 
Rk -YRF 

R' 
(i) (ii) (iii) 

instance of R' is independently hydrogen or optionally substituted alkyl; 
X X O, S, NR , wherein R is hydrogen, optionally substituted alkyl, optionally 

substituted affepnyl, optionally substituted aikynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, or a nitrcten protecting group; 

Y is O, S, NR^yherein RY is hydrogen, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted allcynyl, optionally substituted carbocyclyl, 

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted 

heteroaryl, or a nitrogen protecting group; 

RP is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted aikynyl, 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 to a sulfur atom, 

or a nitrogen protecting group when attached to a\itrogen atom; and 
1 » R is optionally substituted C1.50 alkyl, option%|ly substituted C2-50 alkenyl, optionally 

substituted C2-50 aikynyl, optionally substituted heteroCj^alkyl, optionally substituted 

heteroC2-5o alkenyl, optionally substituted heteroC2-5o alkynM, or a polymer. 

82. The method of claim 81, wherein the polynucleotide is Dm^or RNA. 

83. The method of claim 82, wherein the RNA is RNA/, dsRNA, siRS^V, shRNA, 

miRNA, or antisense RNA. 

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

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

278 


