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RELEASABLE FUSOGENIC LIPIDS
FOR NUCLEIC ACIDS DELIVERY SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of priority from U.S. Provisional Patent Application
Serial No. 61/115,378, filed November 17, 2008, the contents of which are incorporated herein

by reference.

BACKGROUND OF THE INVENTION

| Therapy using nucleic acids has been proposed as an endeavor to treat various diseases
over the past years. Therapy such as antisense therapy is a powerful tool in the treatment of
disease because a therapeutic gene can selectively modulate gene expression associated with
disease and minimize side effects which occur when other therapeutic approaches are used.

Therapy using nucleic acids has, however, been limited due to poor stability of genes and
ineffective delivery. Several gene delivery systems have been proposed to overcome the hurdles
and effectively introduce therapeutic genes into the target area, such as cancer cells or tissues in
vitro and in vivo. Such attempts to improve delivery and enhance cellular uptake of therapeutic
genes are directed to utilizing liposomes.

Currently available liposomes do not effectively deliver oligonucleotides into the body,
although some progress has been made in the delivery of plasmids. In the delivery of
oligonucleotides, desirable delivery systems should include positive charges sufficient enough to
neutralize the negative charges of oligonucleotides. Recently, coated cationic liposomal (CCL)
and Stable Nucleic Acid-Lipid Particles (SNALP) formulations described by Stuart, D.D., et al
Biochim. Biophys. Acta, 2000, 1463:219-229 and Semple, S.C., et al, Biochim. Biophys. Acta,
2001, 1510:152-166, respectively, were reported to provide nanoparticles with small sizes, high
nucleic acid encapsulation rate, good serum stability, and long circulation time.

[n spite of the attempts and advances, there continues to be a need to provide improved

nucleic acids delivery systems. The present invention addresses this need.
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SUMMARY OF THE INVENTION

The present invention provides releasable fusogenic lipids containing an imine linker and
a zwitterionic moiety, and nanoparticle compositions containing the same for nucleic acids
delivery. Polynucleic acids, such as oligonucleotides, are encapsulated within nanoparticle
complexes containing a mixture of a cationic lipid, a releasable fusogenic lipid described herein,
and a PEG hipad.

In accordance with this aspect of the invention, the releasable fusogenic lipids for the

delivery of nucleic acids (i.e., an oligonucleotide) have Formula (I):

(L2)o Q

R—(L1)a—M
wherein

R is a water soluble neutral charged or zwitterion-containing moiety;

L., are independently selected bifunctional linkers;

M is an imine-containing moiety;

Q is a substituted or unsubstituted, saturated or unsaturated C4-30-containing moiety;

(a) is 0 or a positive integer; and

(b) 1s 0 or a positive integer.

The present invention also provides nanoparticle compositions for nucleic acids delivery.
According to the present invention, the nanoparticle composition for the delivery of nucleic acids
(i.e., an oligonucleotide) can include:

(1) a cationic lipid;

(i1) a compound of Formula (I); and

(111) a PEG lipid.

In another aspect of the present invention, there are provided methods of delivering
nucleic acids (preferably oligonucleotides) to a cell or tissue, in vivo and in vitro.
Oligonucleotides introduced by the methods described herein can modulate expression ot a target
gene.

Another aspect of the present invention provides methods of inhibiting expression of a
target gene, i.e., oncogenes and genes associated with disease in mammals, preferably humans.
The methods include contacting cells, such as cancer cells or tissues, with a

nanoparticle/nanoparticle complex prepared from the nanoparticle composition described herein.
2
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The oligonucleotides encapsulated within the nanoparticle are released, which then mediate the
down-regulation of mRNA or protein in the cells or tissues being treated. The treatment with the
nanoparticle allows modulation of target gene expression (and the attendant benefits associated
therewith) in the treatment of malignant disease, such as inhibition of the growth of cancer cells.
Such therapies can be carried out as a single treatment or as part of a combination therapy, with
one or more useful and/or approved treatments.

Further aspects include methods of making the compounds of Formula (I) as well as
nanoparticles containing the same.

The nanoparticle composition containing a releasable fusogenic lipid described herein
provides a means for in vivo as well as in vitro administration of nucleic acids.

The nanoparticles containing the releasable fusogenic lipids described herein can help
release nucleic acids encapsulated therein when the nanoparticles enter the cells and cellular
compartments. Without being bound by any theory, such feature is attributed in part to the acid
labile linker. The imine-based linkers are acid-labile and hydrolyzed in acidic environment such
as cancer cells and endosome. Thus, the imine-based linkers can facilitate disruption of the
nanoparticles, thereby allowing intracellular release of nucleic acids.

The releasable fusogenic lipids containing zwitterionic charged groups enhance cellular
uptake of nucleic acids. The polar but neutrally charged groups facilitate the nanoparticles to
cross the cellular membrane.

The releasable fusogenic lipids described herein stabilize nanoparticle complexes and
nucleic acids therein in biological fluids. The nanoparticle complexes can shield nucleic acids
molecules from nucleases, thereby protecting the polynucleic acids from degradation.

The nanoparticle delivery systems described herein allow sufficient amounts of the
therapeutic oligonucleotides to be selectively available at the desired target area, such as cancer
cells via EPR (Enhanced Permeation and Retention) effects. The therapeutic nucleic acids at the
target area can modulate expression of a target gene specifically in cancer cells or tissues.

The nanoparticles described herein can also be used in the delivery of biologically active
molecules, such as small molecule chemotherapeutics as well as one or more different types of
therapeutic nucleic acids, thereby attaining synergistic effects in the treatment of disease.

Other and further advantages will be apparent from the following description.
3
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For purposes of the present invention, the term "residue" shall be understood to mean that
portion of a compound, to which it refers, e.g., C6-30 hydrocarbons, etc. that remains after it has
undergone a substitution reaction with another compound.

For purposes of the present invention, the term “alkyl” refers to a saturated aliphatic
hydrocarbon, including straight-chain, branched-chain, and cyclic alkyl groups. The term
“alkyl” also includes alkyl-thio-alkyl, alkoxyalkyl, cycloalkylalkyl, heterocycloalkyl, and
C1.6 alkylcarbonylalkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More
preferably, it is a lower alkyl of from about 1 to 7 carbons, yet more preferably about 1 to 4
carbons. The alkyl group can be substituted or unsubstituted. When substituted, the substituted
oroup(s) preferably include halo, oxy, azido, nitro, cyano, alkyl, alkoxy, alkyl-thio, alkyl-thio-
alkyl, alkoxyalkyl, alkylamino, trihalomethyl, hydroxyl, mercapto, hydroxy, cyano, alkylsilyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, alkenyl, alkynyl, C;.s hydrocarbonyl,
aryl, and amino groups.

For purposes of the present invention, the term “substituted” refers to adding or replacing
one or more atoms contained within a functional group or compound with one of the moieties
from the group of halo, oxy, azido, nitro, ¢yano, alkyl, alkoxy, alkyl-thio, alkyl-thio-alkyl,
alkoxyalkyl, alkylamino, trihalomethyl, hydroxyl, mercapto, hydroxy, cyano, alkylsilyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, alkenyl, alkynyl,

C.¢ alkylcarbonylalkyl, aryl, and amino groups.

For purposes of the present invention, the term “alkenyl” refers to groups containing at
least one carbon-carbon double bond, including straight-chain, branched-chain, and cyclic
groups. Preferably, the alkenyl group has about 2 to 12 carbons. More preferably, it 1s a lower
alkenyl of from about 2 to 7 carbons, yet more preferably about 2 to 4 carbons. The alkenyl
oroup can be substituted or unsubstituted. When substituted the substituted group(s) preterably
include halo, oxy, azido, nitro, cyano, alkyl, alkoxy, alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl,
alkylamino, trihalomethyl, hydroxyl, mercapto, hydroxy, cyano, alkylsilyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, heteroaryl, alkenyl, alkynyl, Ci_ hydrocarbonyl, aryl, and
amino groups.

For purposes of the present invention, the term “alkynyl” refers to groups containing at

least one carbon-carbon triple bond, including straight-chain, branched-chain, and cyclic groups.
4
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Preferably, the alkynyl group has about 2 to 12 carbons. More preferably, it is a lower alkynyl of
from about 2 to 7 carbons, yet more preferably about 2 to 4 carbons. The alkynyl group can be
substituted or unsubstituted. When substituted the substituted group(s) preferably include halo,
oxy, azido, nitro, cyano, alkyl, alkoxy, alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino,
trihalomethyl, hydroxyl, mercapto, hydroxy, cyano, alkylsilyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heteroaryl, alkenyl, alkynyl, Ci.¢ hydrocarbonyl, aryl, and amino groups.
Examples of "alkynyl" include propargyl, propyne, and 3-hexyne.

For purposes of the present invention, the term “aryl” refers to an aromatic hydrocarbon
ring system containing at least one aromatic ring. The aromatic ring can optionally be tused or
otherwise attached to other aromatic hydrocarbon rings or non-aromatic hydrocarbon rings.
Examples of aryl groups include, for example, phenyl, naphthyl, 1,2,3,4-tetrahydronaphthalene
and biphenyl. Preferred examples of aryl groups include phenyl and naphthyl.

For purposes of the present invention, the term “cycloalkyl” refers to a Cs.g cyclic hydrocarbon.
Examples of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
and cyclooctyl.

For purposes of the present invention, the term “cycloalkenyl” refers to a C;_g cyclic
hydrocarbon containing at least one carbon-carbon double bond. Examples of cycloalkenyl
include cyclopentenyl, cyclopentadienyl, cyclohexenyl, 1,3-cyclohexadienyl, cycloheptenyl,
cycloheptatrienyl, and cyclooctenyl.

For purposes of the present invention, the term “cycloalkylalkyl” refers to an alklyl group
substituted with a C;.5 cycloalkyl group. Examples of cycloalkylalkyl groups include
cyclopropylmethyl and cyclopentylethyl.

For purposes of the present invention, the term “alkoxy” refers to an alkyl group of
indicated number of carbon atoms attached to the parent molecular moiety through an oxygen
bridge. Examples of alkoxy groups include, for example, methoxy, ethoxy, propoxy and
1SOPrOPOXY.

For purposes of the present invention, an “alkylaryl” group refers to an aryl group
substituted with an alkyl group.

For purposes of the present invention, an “aralkyl” group refers to an alkyl group

substituted with an aryl group.
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For purposes of the present invention, the term “alkoxyalkyl” group refers to an alkyl group
substituted with an alkloxy group.

For purposes of the present invention, the term “alkyl-thio-alkyl” refers to an alkyl-S-
alkyl thioether, for example methylthiomethyl or methylthioethyl.

For purposes of the present invention, the term “amino” refers to a nitrogen containing
group as is known in the art derived from ammonia by the replacement of one or more hydrogen
radicals by organic radicals. For example, the terms “acylamino” and “alkylamino” refer to
specific N-substituted organic radicals with acyl and alkyl substituent groups respectively.

For purposes of the present invention, the term “alkylcarbonyl” refers to a carbonyl group
substituted with alkyl group.

For purposes of the present invention, the term “halogen’ or “halo” refers to tluorine,
chlorine, bromine, and 1odine.

For purposes of the present invention, the term “heterocycloalkyl” reters to a non-
aromatic ring system containing at least one heteroatom selected from nitrogen, oxygen, and
sulfur. The heterocycloalkyl ring can be optionally fused to or otherwise attached to other
heterocycloalkyl rings and/or non-aromatic hydrocarbon rings. Preferred heterocycloalkyl
groups have from 3 to 7 members. Examples of heterocycloalkyl groups include, for example,
piperazine, morpholine, piperidine, tetrahydrofuran, pyrrolidine, and pyrazole. Preferred
heterocycloalkyl groups include piperidinyl, piperazinyl, morpholinyl, and pyrrolidinyl.

For purposes of the present invention, the term “heteroaryl” refers to an aromatic ring
system containing at least one heteroatom selected from nitrogen, oxygen, and sulfur. The
heteroaryl ring can be fused or otherwise attached to one or more heteroaryl rings, aromatic or
non-aromatic hydrocarbon rings or heterocycloalkyl rings. Examples of heteroaryl groups
include, for example, pyridine, furan, thiophene, 5,6,7,8-tetrahydroisoquinoline and pyrimidine.
Preferred examples of heteroaryl groups include thienyl, benzothienyl, pyridyl, quinolyl,
pyrazinyl, pyrimidyl, imidazolyl, benzimidazolyl, furanyl, benzofuranyl, thiazolyl,
benzothiazolyl, isoxazolyl, oxadiazolyl, isothiazolyl, benzisothiazolyl, triazolyl, tetrazolyl,
pyrrolyl, indolyl, pyrazolyl, and benzopyrazolyl.

For purposes of the present invention, the term “heteroatom™ reters to nitrogen, oxygen,

and sulfur.
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In some embodiments, substituted alkyls include carboxyalkyls, aminoalkyls,
dialkylaminos, hydroxyalkyls and mercaptoalkyls; substituted alkenyls include carboxyalkenyls,
aminoalkenyls, dialkenylaminos, hydroxyalkenyls and mercaptoalkenyls; substituted alkynyls
include carboxyalkynyls, aminoalkynyls, dialkynylaminos, hydroxyalkynyls and
mercaptoalkynyls; substituted cycloalkyls include moicties such as 4-chlorocyclohexyl; aryls
include moieties such as napthyl; substituted aryls include moieties such as 3-bromo phenyl;
aralkyls include moieties such as tolyl; heteroalkyls include moieties such as ethylthiophene;
substituted heteroalryls include moieties such as 3-methoxythiophene; alkoxy includes moieties
such as methoxy; and phenoxy includes moieties such as 3-nitrophenoxy. Halo shall be
understood to include fluoro, chloro, 10do and bromo.

For purposes of the present invention, “positive integer” shall be understood to include an
integer equal to or greater than 1 and as will be understood by those of ordinary skill to be within
the realm of reasonableness by the artisan of ordinary skill.

For purposes of the present invention, the term “linked” shall be understood to include
covalent (preferably) or noncovalent attachment of one group to another, 1.e., as a result of a
chemical reaction.

The terms "effective amounts" and “sufficient amounts” for purposes of the present
invention shall mean an amount which achieves a desired effect or therapeutic effect as such
effect 1s understood by those of ordinary skill in the art.

The term “nanoparticle” and/or “nanoparticle complex” formed using the nanoparticle
composition described herein refers to a lipid-based nanocomplex. The nanoparticle contains
nucleic acids such as oligonucleotides encapsulated in a mixture of a cationic lipid, a fusogenic
lipid, and a PEG lipid. Alternatively, the nanoparticle can be formed without nucleic acids.

For purposes of the present invention, the term “therapeutic oligonucleotide™ refers to an
oligonucleotide used as a pharmaceutical or diagnostic agent.

For purposes of the present invention, “modulation of gene expression” shall be
understood as broadly including down-regulation or up-regulation of any types ot genes,
preferably associated with cancer and inflammation, compared to a gene expression observed in

the absence of the treatment with the nanoparticle described herein, regardless of the route of

administration.
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For purposes of the present invention, “inhibition of expression of a target gene” shall be
understood to mean that mRNA expression or the amount of protein translated are reduced or
attenuated when compared to that observed in the absence of the treatment with the nanoparticle
described herein. Suitable assays of such inhibition include, e. g\.', examination of protein or
mRNA levels using techniques known to those of skill in the art such as dot blots, northern blots,
in situ hybridization, ELISA, immunoprecipitation, enzyme function, as well as phenotypic
assays known to those of skill in the art. The treated conditions can be confirmed by, for
example, decrease in mRNA levels in cells, preferably cancer cells or tissues.

Broadly speaking, successful inhibition or treatment shall be deemed to occur when the
desired response is obtained. For example, successful inhibition or treatment can be defined by
obtaining e.g, 10% or higher (i.e. 20% 30%, 40%) down regulation of genes associated with
tumor growth inhibition. Alternatively, successful treatment can be defined by obtaining at lcast
20% or preferably 30%, more preferably 40 % or higher (i.e., 50% or 80%) decrease in oncogene
mRNA levels in cancer cells or tissues, including other clinical markers contemplated by the
artisan in the field, when compared to that observed in the absence of the treatment with the
nanoparticle described herein.

Further, the use of singular terms for convenience in description is in no way intended to
be so limiting. Thus; for example, reference to a composition comprising an oligonucleotide, a
cholesterol analog, a cationic lipid, a releasable fusogenic lipid, a PEG lipid etc. refers to one or
more molecules of that oligonucleotide, cholesterol analog, cationic lipid, releasable fuosogenic
lipid, PEG lipid, etc. It is also contemplated that the oligonucleotide can be the same or difterent
kind of gene. It is also to be understood that this invention is not limited to the particular
configurations, process steps, and materials disclosed herein as such configurations, process
steps, and materials may vary somewhat.

[t is also to be understood that the terminology employed herein is used for the purpose of
describing particular embodiments only and is not intended to be limiting, since the scope of the

present invention will be limited by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF DRAWINGS
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FIG. 1 schematically illustrates a reaction scheme for preparing compound 6, as

described in Examples 6-11.

FIG. 2 schematically illustrates a reaction scheme for preparing compound 10, as

described in Examples 12-15.

DETAILED DESCRIPTION OF THE INVENTION
A. Overview
1. Releasable Fusogenic Lipids of Formula (1)

In one aspect of the present invention, there are provided compounds of Formula (1):

(Lo)b Q

() R=—=(Ly)a—M

wherein

R is a water soluble neutral charged or zwitterion-containing moiety;

L, are independently selected bifunctional linkers;

M is an imine-containing moiety;

Q is a substituted or unsubstituted, saturated or unsaturated C4-30-containing moicty;

(a) is 0 or a positive integer, preferably zero or an integer of from about 1 to about 10
(e.g., 1,2,3,4,5, 6); and

(b) is 0 or a positive integer, preferably zero or an integer of from about 1 to about 10
(e.g., 1,2,3,4,5,0).

L; and L, are independently the same or different when (a) and (b) are equal to or greater

than 2.

In one preferred aspect, the compounds of Formula described herein include the Q

hydrocarbon group (aliphatic). The Q group has Formula (Ia):
(la)

Q)
S
(Y1) —(CRoR3)q—-C - )|(---02
Q3
wherein

Y, and Y’ are independently O, S or NR4, preferably oxygen;

9
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(¢)1s O or 1;

(d) is 0 or a positive integer, preferably zero or an integer of from about 1 to about 10
(e.g.,1,2,3,4,5,06);

(e)1s O or 1;

X 18 C, NorP;

Q 1s H, Cy3 alkyl, NRs, OH, or

()
—{(L11)r1™(Y11)g1 C - R11

Q, is H, Cy5 alkyl, NRg, OH, or

__Uﬂ_
—(L12)——(Y12)42 C - R4z

Qs is a lone electron pair, (=0O), H, C;_3 alkyl, NR7, OH, or

,__Ui_
—(L13)3—(Y13)g3 C - R1a |

provided that
(1) when X is C, Qs is not a lone electron pair or (=0);
(i1) when X is N, Q3 is a lone electron pair; and
(ii1) when X is P, Q3 1s (=O) and (¢) 1s zero,
wherein
L1, Li» and L5 are independently selected bifunctional spacers;
Y11 Y2, and Y3 are independently O, S or NRg, preferably O or NRg;
Y11, Y12, and Y3 are independently O, S or NRg, preferably oxygen;
R, Ri» and Ry are independently substituted or unsubstituted, saturated
or unsaturated Ca.3¢;
(f1), (f2) and (£3) are independently O or 1;
(21), (g2) and (g3) are independently 0 or 1; and
(h1), (h2) and (h3) are independently O or 1;

10
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R,.3 are independently selected from the group consisting of hydrogen, hydroxyl, amine,
substituted amine, C,¢alkyl, C,.¢ alkenyl, C,4 alkynyl, C;.19 branched alkyl, C;.g cycloalkyl, C
substituted alkyl, C,_¢ substituted alkenyl, C,_¢ substituted alkynyl, C5_g substituted cycloalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, C, ¢ heteroalkyl, and substituted C
5  heteroalkyl, preferably, hydrogen, hydroxyl, amine, methyl, ethyl and propyl; and
R,4.3 are independently selected from the group consisting of hydrogen, C,.4 alkyl, Cy.6
alkenyl, C,¢ alkynyl, Cs.19 branched alkyl, Cs cycloalkyl, C,_¢ substituted alkyl, C,.¢ substituted
alkenyl, C,_¢ substituted alkynyl, C;_g substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, C;.¢ heteroalkyl, and substituted C,_¢heteroalkyl, preferably, hydrogen,
10 methyl, ethyl and propyl,
provided that Q) includes at least one or two (e.g., one, two, three) of Ry, Rj» and Ry3.
The combinations of the bifunctional linkers and the bifuntional spacers contemplated
within the scope of the present invention include those in which combinations of variables and
substituents of the linker and spacer groups are permissible so that such combinations result in
15  stable compounds of Formula (I). For example, the combinations of values and substituents do
not permit oxygen, nitrogen or carbonyl to be positioned directly adjacent to imine.

Preferably, Q includes at least two of Ry, Ri» and Ry3

The -C(RyR3)- group, in each occurrence 1s the same or different when (d) 1s equal to or

greater than 2.

20 In one preferred aspect of the invention, the 1imine-containing moiety has the formula:
-N=CR,- or -CR;=N-,
wherein R is hydrogen, Cy.4 alkyl, C;.g branched alkyl, C5_g cycloalkyl, C,.¢ substituted
alkyl, C;_g substituted cycloalkyl, aryl and substituted aryl, preferably, hydrogen, methyl, ethyl,
or propyl.
25 In one embodiment, the acid-labile M linker 1s -N=CH- or -CH=N-,

According to the present invention, the releasable fusogenic lipids described herein have

Formula (Ib) or (I’b):
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Q;

Y |
i
R""‘“""‘(L1)a"‘“N*CR1“(L2)b“‘““(Y1)c(CR2R3)d“<C - X—Qy

% (Ib)
ot
Ml
R“"‘“"“"'(L1)a““““CRﬁN"‘“(Lz)b“'“(W)c““(CRst)d“QC - >|<""“‘”Q2
Q3

2. Water Soluble Neutral Charged or Zwitterion-Containing Moiety: R group

The compounds described herein include a terminal zwitterion. In one embodiment, the
zwitterion includes an amine and an acid. The acidic proton is positioned three to eight atoms
from the amine (e.g., the acidic proton is positioned 3, 4, 5, 6, 7, or § atoms from the amine).
Preferably, the acidic proton is positioned three to six atoms from the amine.

The acid includes, but is not limited to, a carboxylic acid, a sulfonic acid, or a phosphoric
acid.

In a further embodiment, the zwitterion-containing moiety is a zwitterionic form of an
amino acid. Some illustrative examples of R group include, but are not limited to:

-CH(COO)(NH3,

Lys = -HN-(CH;)4sCH(COO)(NHa3),

Glu = -C(=0)-(CH;),CH(COO)(NHj3) and

Asp = -C(=0)-(CH,)CH(COO)(NH3).

In another embodiment, the zwitterion-containing moiety 1s a derivative of zwitterionic
form of an amino acid. The amino acid can be naturally-occurring amino acids or derivatives of
the naturally occurring amino acids. Some examples amino acid analogs and derivates include:
2-aminoadipic acid, 3-aminoadipic acid, beta-alanine, beta-aminopropionic acid, 2-aminobutyric
acid, 4-aminobutyric acid, piperidinic acid, 6-aminocaproic acid, 2-aminoheptanoic acid, 2-
aminoisobutyric acid, 3-aminoisobutyric acid, 2-aminopimelic acid, 2,4-aminobutyric acid,
desmosine, 2,2-diaminopimelic acid, 2,3-diaminopropionic acid, N-ethylglycine, N-

ethylasparagine, 3-hydroxyproline, 4-hydroxyproline, isodesmosine, allo-1soleucine, N-
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methylglycine or sarcosine, N-methyl-isoleucine, 6-N-methyllysine, N-methylvaline, norvaline,
norleucine, ornithine, and others too numerous to mention, that are listed in 63 Fed. Reg., 29620,

29622, incorporated by reference herein.

3. The Bifunctional Linker: L; and L, Groups
According to the present invention, the L; group as included in the compounds of
Formula (I) 1s selected from among;
-(CR21R22)u-[C(=Y 16) Jas-
-(CR21R22)u Y 17-(CR23R24) 12~ (Y 18)a2-[ C(=Y 16) Jaz-
-(CR21R2CR 23R4 Y 17)-[C(=Y 16) Jaz- »
-(CR21R2CR23R24 Y 17)11 (CR25R26) 14~ (Y 18)a2-[ C(ZY 16) Ja3-
-[(CR21R22CR213R24)2 Y 17]3(CR25R26) (Y 18)a2-[ C(=Y 16) Jaz-
-(CR21R22)u1-[(CR23R24)2 Y 17]3(CR25R26)1a-(Y 18)a2-| C(=Y 16) Ja3-
-(CR21R22)u(Y17)a2l C(=Y 16) Ja3(CR23R24) -
-(CR21R22)6 (Y 17)a2 C(=Y 16)}a3 Y 14(CR23R 24 )2+,
-(CR21R2)1(Y17) 2l C(ZY 16)]a3(CR23R24)2- Y 15-(CR23R24) 13-,
-(CR21R22)11 (Y1722 C(=Y 16)]a3 Y 14(CR23R24)0- Y 15-(CR23R24) 13-
-(CR21R2)1 (Y 17)22[C(=Y 16)]a3(CR23R24CR25R 26 Y 19)2( CR27CR 28 ) 13-
-(CR21R2)1(Y 172 C(=Y 16)]a3 Y 14(CR23R24CR25R 26 Y 19)2( CR27CR 28 ) 13- , and
Ry7

-(CR 1R [C(=Y 16)]a3 Y 14(CR23R24) 0 \/ (CRps5R96)3-

?

wherein:

Y6 1s O, NRyg, or S, preferably oxygen;

Y 14.15 and Y 7.19 are independently O, NRyg, or S, preferably O, or NRyo;

R,1.7 are independently selected from among hydrogen, hydroxyl, amine, C,.¢ alkyls, Cs.
1» branched alkyls, Cs.g cycloalkyls, C.¢ substituted alkyls, Cs.g substituted cycloalkyls, aryls,
substituted aryls, aralkyls, C|.¢ heteroalkyls, substituted C;.¢ heteroalkyls, C,.4 alkoxy, phenoxy
and C,.¢ heteroalkoxy, preferably, hydrogen, methyl, ethyl or propyl; and
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Ros.09 are independently selected from among hydrogen, C, ¢ alkyls, Cs_j» branched
alkyls, Csg cycloalkyls, Ci¢substituted alkyls, Cs_g substituted cycloalkyls, aryls, substituted
aryls, aralkyls, Cl_(,'heteroalkyls, substituted C;_ heteroalkyls, C_¢ alkoxy, phenoxy and Cy
heteroalkoxy, preferably, hydrogen, methyl, ethyl or propyl;

(t1), (t2), (t3) and (t4) are independently zero or positive integers, preferably zero or a
positive integer of from about 1 to about 10 (e.g., 1, 2, 3,4, 5, 6); and

(a2) and (a3) are independently zero or 1.

The bifunctional L; linkers contemplated within the scope of the present invention
include those in which combinations of substituents and variables are permissible so that such
combinations result in stable compounds of Formula (I). For example, when (a3) 1s zero, Y7 1S
not linked directly to Y 4.

For purposes of the present invention, when values for bifunctional linkers are positive
integers equal to or greater than 2, the same or different bifunctional linkers can be employed.

R»1-Rag, In each occurrence, are independently the same or different when each of (t1),
(t2), (t3) and (t4) 1s independently equal to or greater than 2.

In one embodiment, Y415 and Y719 are O or NH; and R, .9 are independently hydrogen
or methyl.

[n another embodiment, Y418 O; Y4.15 and Y719 are O or NH; and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>