
 

1  
 

AMINO ACID DERIVATIVES FUNCTIONALIZED ON THE 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 

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 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 et 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.   

[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 et al., Am. J. Respir. Crit. Care Med. (2011) 183:531-538),  
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(V) 

 

(VI) 

wherein m, n, p, R′, R
1
, R

2
, R

3
, R

4
, R

5
, R

8
, Z, W, Y, and Z are as defined herein, provided that 

the APPL comprises at least one instance of a group of formula (i), (ii), or (iii): 

 

(i) 

 or 

(ii) 

 

(iii) 

wherein: 

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

X is O, S, NR
X
, wherein R

X
 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 O, S, NR
Y
, wherein R

Y
 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
P
 is 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 

R
L
 is optionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 alkynyl, optionally substituted heteroC1-50 alkyl, optionally substituted 

heteroC2-50 alkenyl, optionally substituted heteroC2-50 alkynyl, or a polymer. 

[0007]     In certain examples, the group of formula (i) represents a group of formula (i-a) 

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

 
(i-b). 

 

[0008]     In certain examples, the group of formula (i-a) is a group of formula (i-a1) or a 

group of formula (i-a2): 

 
(i-a1) 

 
(i-a2). 

[0009]     In certain examples, the group of formula (i-b) is a group of formula (i-b1) or a 

group of formula (i-b2): 

 
(i-b1) 

 
(i-b2) 

[0010]     In certain examples, at least one instance of R
1

  is a group of formula: 

 (iv) 

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 heteroarylene, and 

R
6
 and R

7
 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; 

provided at least one instance of R
6
 and R

7
 is a group of formula: 

 

(i) 

 or 

(ii) 

 

(iii) 
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wherein: 

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

X is O, S, NR
X
, wherein R

X
 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 O, S, NR
Y
, wherein R

Y
 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
P
 is 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 

R
L
 is optionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyl, optionally 

substituted C2-50 alkynyl, optionally substituted heteroC1-50 alkyl, optionally substituted 

heteroC2-50 alkenyl, optionally substituted heteroC2-50 alkynyl, or a polymer. 

[0011]     In certain examples, each instance of R′ is hydrogen. 

[0012]     In certain examples, L is an optionally substituted alkylene. 

[0013]     In certain examples, the group of formula (iv) is of formula: 

 

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

[0014]     In certain examples, each instance of R
1
 is a group of formula (iv). 

[0015]     An exemplary APPL of the present invention is compound (cKK-E12): 
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 (cKK-E12), 

or a salt thereof. 

[0016]     In another example, provided are compositions comprising an APPL or a salt 

thereof.   

[0017]     For example, in certain examples, provided is a composition comprising an 

APPL or salt thereof and, optionally, an excipient, wherein the APPL is an amino acid, a 

linear or cyclic peptide, a linear or cyclic polypeptide, or structural isomer thereof, and 

wherein an amino or amide group of the APPL is conjugated to a group of formula (i), (ii), or 

(iii). In certain examples, the group of formula (i), (ii), or (iii) is attached to an amino group 

present on the APPL scaffold.  In certain examples, the composition is a pharmaceutical 

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

non-medical application.  In certain examples, 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. 

[0018]     In certain examples, the composition further comprises an agent.  In certain 

examples, 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 bioprocessing, e.g., in the intracellular 

manufacturing of proteins.  In certain examples, the agent is a polynucleotide, and the 

polynucleotide is DNA or RNA.  In certain examples, the RNA is RNAi, dsRNA, siRNA, 

shRNA, miRNA, or antisense RNA.   In certain examples, the agent and the APPL are not 

covalently attached, e.g., for example, the agent and the APPL are non-covalently complexed 

to each other.  However, in certain examples, the agent and the APPL are covalently attached. 
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[0019]     In certain examples, the composition is in the form of a particle. In certain 

examples, the particle is a nanoparticle or microparticle.  In certain examples, the particle is a 

micelle, liposome, or lipoplex. In certain examples, the particle encapsulates an agent, e.g., an 

agent to be delivered. 

[0020]     In another example, provided is a method of delivering a polynucleotide to a 

biological cell, comprising providing a composition comprising an APPL, or salt thereof, 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; 

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 group of the APPL is 

conjugated to a group of formula (i), (ii), or (iii).  In certain examples, the polynucleotide is 

DNA or RNA.  In certain examples, the RNA is RNAi, dsRNA, siRNA, shRNA, miRNA, or 

antisense RNA.  In certain examples, 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. 

[0021]     In yet another example, provided are screening methods.  For example, in one 

example, provided is 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 or cyclic peptide, 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), (ii), or (iii).  In certain examples, 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 APPL and/or 

an agent complexed or attached thereto to aid in bioprocessing. 

[0022]     In still yet another example, provided are methods of use of the inventive 

APPLs for the treatment of various diseases, disorders, or conditions.   For example, in 

certain examples, provided is a method of treating a disease, disorder, or condition from 

which the subject suffers, comprising administering to a subject in need thereof an effective 

amount of an APPL, or salt thereof, 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 group of the APPL is conjugated to a group of formula (i), (ii), or (iii). 






































































































































































































































































































































































































































































































