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LINKER COMPOUNDS COMPRISING AMIDE BONDS

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS
{0001 Any and all applications for which a foreign or domestic prionty claim is
identified in the PCT Request as filed with the present application are hereby incorporated by

reference.

FIELD OF THE DISCLOSURE
00021 The present disclosure relates to a compound, method of making the compound,
and related uses of the compound as a linking agent for oligonucleotides and other chemical and

biological substances.

BACKGROUND

[0003] Preparation of therapeutics i multimeric form can be advantageous because of
enhanced bioavailability and uptake.

[0004] Bioconjugates (or multi-conjugates) comprise covalent hinkages of at least two
chemical or brological substances intended for delivery into a cell or tissue. Bioconjugates have
a variety of functions, such as in labeling, imaging, and tracking molecular and cellular events,
delivering drugs to targeted cells, and as diagnostic or therapeutic agents. Nonlimiting examples
of biocorjugates include the coupling of a small molecule (e g., biotin} to a protein, protein-
protein conjugates {e.g., an antibody coupled to an enzyme), antibody drug conjugates {(ADCs)
{e.g., a monoclonal antibody conjugated to a cyiotoxic small molecule), radic-immunoconjugates
{(e.z., a monoclonal antibody conjugated to a chelating agent), vaccines {e.g., haptens conjugated
to carrier proteins), antibodies conjugated to nanoparticles and non-cytotoxic drugs {e.g.,
peptides), biomolecules conjugated to elements or derivatives thereof {e.g., TGF-J conjugated to
iron oxide nanoparticles), and oligonucleotide therapeutic agents conjugated to cell-targeting
moetties.

[{0005] The preparation of therapeutic agents in the form of bioconjugates can produce
advantageous etfects on the pharmacokinetics and bioavailability of the agents, their intracellular
uptake, and ultimately their pharmacodynamics and efficacy. In many instances, it 1s desirable

for some or all of the therapeutic agents within a bioconjugate to be hberated within the target
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cell, either upon delivery or upon some predetermined time thereafter. This requires the
mdividual agents to be coupled together by linking agents that are cleavable within the cell,
oftentimes relying upon innate, intracellular species such as enzymes to perform the cleaving, or
upon other innate conditions within the cell.

{0006} A variety of cleavable linkers have been emploved, including for example short
sequences of single-stranded unprotected nucleotides such as dTdTdTdT and dCdA, which are
cleaved by intracellular nucleases, and disulfide-based linkers which are cleaved by the reductive
environment inside the cell.

[0007] However, these types of cleavable linkers can, in certain instances, present
challenges in the context of therapeutic multi-conjugates. For example, nuclease cleavable
linkers positioned immediately adjacent to a therapeutic oligonucleotide may impact the
cleavability of the linker, the activity of the oligo, or both.

[0008] Where a disulfide hnkage 1s emploved i a cleavable linker compound, the
formation of the disulfide bond by reaction of two thiols can lead to mixtures of products,
especially with hetero systems. To avoid this problem, an altervative approach 1s to use an
intermediate linking agent capable of reacting with thiol moteties which also contains a
preformed internal disulfide bond. Such a hinker 1s dithiobismalemmidoethane (DTME) which
has an nternal disuifide group and two terminal maleimide groups, each capable of reacting with
a thiol group on another molecule.

[0009] DTME is normally used as a bivalent linker to ok two identical thiolated entaties
to produce a homo-dimeric denvative. However, 1f has also been used to generate hetero-~
dimeric species via a monomeric intermediate wherein only one of the two malenmide moleties 1s
allowed to react with a thiclated molecule. The resulting mono-DTME intermediate 1s then
reacted with a second thiolated motety to create a DTME linked hetero-dimer. This technique
for the synthesis of a hetero~-dimer 18 described in WO 2016/205410,

{0010} This methodology has been used to create multimeric oligonucleotides up to
octamer in size in both homo-and hetero-multimeric forms.

{0011} However, certain aspects of disulfide bonds may be non-optimal for use in the
svnthesis of chemical compounds in general and of multi-conjugates in particular.  For instance,
1t 1s not possible to maintain an internal disulfide group in a synthetic intermediate while

stmultaneously reducing a terminal disulfide to a thiol for subsequent linking reactions. Further,

b
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disulfide-linked molecules have been reported to dissociate and/or cross react with other
thiolated species. In addition, long-term storage of disulfide-containing molecuies can be
problematic due to the potential for oxidation and subsequent cleavage of the disulfide bond.

{0012] There 15 therefore a need for additional methods and materials to act as linkers,
which retain the advantages of cleavable linkers such as DTME without the perceived drawbacks
of disulfide-containing molecules, in the assembly and synthesis of chemical compounds,
including for example therapeutic agents and specifically including multi-conjugates of
therapeutic agents.

00131 The present disclosure provides provides linkers that are cleavable by mtraceliular
proteases.

100141 Linkers are prepared using chemistries that would otherwise be incompatible with
those used to prepare therapeutics such as oligonucleotide agents, for imstance using

phosphoroamidite.

SUMMARY OF THE DISCLOSURE

{0015] Various embodiments provide a homo-bivalent linker compound comprising
identical functional end groups joined by a linking group comprising at least one amide bond,
methods of making such linker compounds, and methods of using the linker compounds, as
summarized n the claims below.

[0016] The disclosure provides for a homo-bivalent linker coropound comprising
identical functional groups at either end, wherein said functional groups are joined by a linking
group comprising at least one amide bond.

{0017] In some embodiments, the homo-bivalent hinker compound comprises Stractur:
(X T > e e <o > (X {Structure 1};

wheren, {X) 15 a function group; each <--->> 1s independently a spacer group, which may be

present or absent; and O is a hinking group comprising at least one amide bond.

[0018] In some embodiments, the linking group O in Structure 1 comprises Structure 2

R-Ap-Be-Co-Dg-R’ Structure 2

(9]
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{0019} The disclosure provides for a branched linker compound of Structure 15:
L1 {Structure 15}
L2 B
3

Wherein B 1s a trivalent moigty; each of L1, L2 and L3 is a branch group; and at least one of L1,
1.2 and L3 is formed by the jomning of B to a homo-bivalent linker compound as disclosed herem;
optionally at least two of L1, L2 and L3 are, independently, formed by the joming of Bioa
homo-bivalent linker compound as disclosed herein; optionally each of L1, L2 and L3 are,
independently, formed by the joining of B to a homo-bivalent inker compound as disclosed
herein.

10020} The disclosure provides for a multi-conjugate comprising two or more biological
moteties joined together by covalent bonds, wherein at least one covalent bond within the multi-

conjugate is formed by reaction with a linker compound.

{00217 The disclosure provides for a method for synthesizing a multi-conjugate disclosed
herein, comprising the steps of reacting a homo-bivalent inker compound as disclosed herein
with a first and a second biological moiety, under reaction conditions that promote the formation
of a covalent bond between the first biological moiety and the linker compound and a covalent

bond between the second biological moiety and the linker compound.

10022} The disclosure provides for a compound comprising a homo-bivalent linker
substituted on one end by a biological moiety, wherein the other end of the homo-bivalent linker
1s unsubstituted, and wherein the compound 1s at least 75%, 80, 85, 96, 95, 96, 97, 98, 99, or 100
% pure

00237 The disclosure provides for a pharmaceutical composition comprising the multi-

conjugate as disclosed herein.

100241 The disclosure provides for a method for treating a subject in need of treatment to
ameliorate, cure, or prevent the onset of a disease or disorder, the method comprising

adroinistering to the subject an effective amount of the multi-conjugate as disclosed herein.

{00257 The disclosure provides for a method for modulating gene expression in a cell, in
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vitro or in vive, the method comprising delivering to the cell an effective amount of a multi-
conjugate as disclosed herein, wherein the multi-conjugate comprises at least one biological
moiety that has the effect of modulating gene expression.

[0026] The disclosure provides for a method for delivering, in vifre or in vivo, two or
more biological moieties to a cell per internalization event, comprising administering to the cell a
multi-conjugate as disclosed herein.

{00271 The disclosure provides for a method of treating a disease or condition in a
subject comprising the step of administering to the subject an effective amount of a
pharmaceutical composition comprising an active pharmaceutical ingredient joined by a covalent

bond formed by reaction with a linker compound as disclosed herein.

{0028] The disclosure provides for a homo-bivalent linker compound comprising:
{a) KXo NH-(CH)-CO-NH-{CH)-C0O----X  (Structure 4);
(b} Xe---NH-{CH)-CO-NH-(CHMethy-CO----X {Structure 5);

(7

X NHACH - CO-N-CH-CO—X

{c)

{Structure 6);
{d) X-~-~-NH~{CH)}-CO-NH-{CH-1s0propy)-CO----X  {Structure 7);

MH,

Ko MR CH, FCO-NH{CHIC O X
(e} {Structure 8},

[,
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N#H-—-X

Koo NH-{CH - CO- MR CRI-CO-0H
) (Structure 93

COH

XN H{CH, - CO-NH{CHFC 0¥

{) {Structure 10}

NH--—X

CO-NH-ACHCO-08

-

N

R NH- CHL-CO-NRHCH)-CO-0H
(1)
(i) Koo NH-(CH2)-CO-NH-{CH)-(CHR)-CO---X

NH.CONH,

Ko NH-{CHIP - CO-NRHCHECO--X

)] (Structure 13); or
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(Structure 11);

{Structure 12}
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NH—X  NH—X

H-NH-CH-CO-RH-CH-CO-OH
(k3 {Structure 14)

{00297 These and other embodiments are described in greater detail below.

[0030] While the disclosure comprises embodiments in many different forms, there will
herein be described in detail several specific embodiments with the understanding that the
present disclosure 15 to be considered as an exemplification of the principles of the technology

and is not intended to limat the disclosure to the embodiments 1llustrated.

DETAILED DESCRIPTION

{00317 The disclosures of any patents, patent applications, and publications referred to
herein are hereby incorporated by reference in their entireties into this application in order to
more fully describe the state of the art known to those skilled herewn as of the date of the

disclosure described and claimed herein

Amides.

{0032] The disclosure provides for a homo-bivalent linker compound comprising
identical functional end groups joined by a hinking group comprising at least one amide bond.

[0033] As used herem, the term “amide” has s ordinary meaning as understood by those
skiiled i the art. It refers to a compound with the general formula RC=OINR'RY, wherein R, R’
and R" are organic groups or hydrogen bonds.

{0034] An amide group 1s referred to as a "peptide bond" or a "eupeptide bond” when it
is formed by the coupling of two amine acids through the backbone (non-side chain}) carboxyl

group of one amino acid and the backbone (non-side chain) amino group of another amino acid.

~3
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{0035} An "isopeptide bond" is another type of amide bond, formed by the coupling of a
carboxyl group on one amino acid and an amino group on another amino acid, wherein at least

one of these coupling groups 18 part of the side chain of one of the amino acids.

Amine Acids,

[0034] As used herein, the term "amino acid” has its ordinary meaning as understood by
those skilied in the art. It refers to an organic compound that contains amine and carboxyl
functional groups, and a side chain specific to each amino acid.  As provided herein, amino acids
can be naturally occuring or non-naturally occuring (synthetic), or derivatives thereof. One
example of naturally occuring amino acids are the group known as the proteinogenic aming
acids, which are used in the synthesis of naturally occuring polypeptides and proteins.

(0037 The disclosure provides, in some aspects, for amino acids designated as alpha,
beta, gamma, and delta amino acids based on the attachment location of the core amine group,
namely the aipha carbon, the beta carbon, the gamma carbon or the delta carbon next to the core
carboxyl group. For example, the genetic formula for an alpha amino acid is HoONCHRCOOH,

wherein R 15 a side chain.

Homo-Bivalent Linker Compounds Comprising Amide Bonds,

[0038] The disclosure provides for a homo-bivalent linker compound comprising
identical functional end groups joined by a hinking group comprising at least one amide bond.

{0039] As used herein, the term “homo-bivalent Iinker compound”™ has its ordinary
meaning as understood by those skilled 1 the art. It 1s 2 molecule of medium molecular weight
{e.g., 100-1500 daltons), usually linear i structure, bearing two dentical functional groups.

{0040] In some aspects of the disclosure, the functional end groups are maleimide, azide,
alkvne, activated carboxyl or amme. Other functional end groups suitable for use in connection
with this disclosure will be known to those skilled in the art.

[0041] In various aspects of the disclosure, the coupling of a functional end group to the
linking group of the homo-bivalent linker compound 13 mediated by aspacer group. As used
herein, the term "spacer group” has its ordinary meaning as understood by those skitied in the art.

10042} In some aspects of the disclosure, a spacer group is alkyl, alkoxy, cyclyl,

heterocyclyl, aryl, heteroarvl, or substituted versions thereof. In other aspects, the spacer group
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15 Craealkyl, Cragalkoxy, 5-10 membered aryl, 5-10 membered hetercaryl, 5-10 membered
heterocyclyl, {Cra0 alkyl}-(5-10 membered aryl), {(Cr.10 alkyl}-(5-10 membered hetercarvl), or
(Ci.10 alky D-(5-10 membered heterocyclyl). In sull further aspecis, the spacer group 18 Cz to Cs
alkvi ethylene glycol, triethylene glycol, or 1 4-phenylene. Other sutiable spacer groups will be
known to those of skill in the art.

[0043] In some aspects of the disclosure, the at least one amide bond in the linking group
15 a eupeptide bond, in other aspecis i is an isopeptide bond, and in aspects of the disclosure in
which the homo-bivalent linker compound comprises two or more amide bonds, the bonds may
be eupeptide, isopeptide, or any combination of the two.

{0044 In an embodiment of the homo-bivalent linker compound at least one amide bond
13 formed from the joining of two amino acids, each of which may be naurally occuring or non-
natorally occuring; an alpha, beta, gamma, or delta anuno acid; or a proteogenic amino acid; and
i the case of a hnker compound comprising two or more amide bonds formed from anuno acds,
the anuno acids may be any combination of the foregoing.

[0045] In various embodirnents of the homo-bivalent linker compound, the compound
comprises at least one Alanine, Proline, Valine, Lysine, Aspartic Acid, Citrulline, or Beta-
Alanine.

[{0046] In some aspects of the disclosure, the homo-bivalent Hinker compound comprises

Structure 1:
(X <<eme > o 0e T 2 (X)) (Structure 1)

wherein,

(X} 1s a functional group;
each <---> 13 independently a spacer group, which may be present or absent;

and
1 1s a linking group comprising at least one amide bond.
100471 In some embodiments of a homo-bivalent linker compound according to Structure
1, only one spacer group is present in the compound. These embodiments are represented as
Structure la and Structure 1b as follows:
(X33O X) {(Structure 1a)
(X303 {Structure 1b};

9
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wherein in each of Structures 1a and 1b; (X} is a functional group; {~-~) 1s 8 spacer group; and O
is a hinking group comprising at least one amide bond.

{0048] In some embodiments of a homo-bivalent imker compound according to Structure
1, each of the spacer groups 18 present in the compound. These embodiments are represented as
Structure fc as follows:

({3 - ()X {Structure lc¢);
wherein (X is a functional group; each of {---} is independently a spacer group; and D isa
linking group comprising at least one amide bond.

{0049] In some embodiments of a homo-bivalent linker compound according to Structure
1, neither of the spacer groups 1s present in the compound. These embodiments are represented
as Stracture 1d as follows:

-0 {Structure 1d};
wherein {X) 15 a functional group; and 0 s a linking group comprising at least one aroide boud.

{0050} In various emnbodiments of the homo-bivalent hinker compound of Structures 1, 1a,
1h, 1cand 14, the functional group X is maleimide, azide, alkyne, activated carboxy! or amine.
Gther functional groups suttable for use in connection with these embodiments will be known to
those skilled in the art.

{00517 In various embodiments of the homo-bivalent linker compound of Structures 1,
1a, thand ¢, each of the spacer groups present 1n the compound i3, independently, alkyl,
alkoxy, cyelvl, heterocyelyl, aryl, heteroaryl, or substituted versions thereof. In other
embodiments, each of the spacer groups present in the compound 15, independently, Ciagalkyl,
Croalkoxy, 5-10 membered aryl, 5-10 membered hetercaryi, 5-10 membered heterocyclyl, {Ci-
1o alkyD-(5-10 membered aryl), (Ciuye alky}-{5-10 membered hetercarvl}, or (CroalkyD-(5-10
membered heterocyelyl). In still further embodiments, each of the spacer groups present in the
compound 13, mdependently, Cz to Cs alkyl, ethylene glvcol, triethylene glycol, or 1,4~
phenylene. Other suitable spacer groups will be known to those of skill in the art.

[0052] In various embodiments of the homo-bivalent linker compound of Structures 1,
la, Ib, lcand 1d, 3 s a linking group comprising one, two, three, or more than 3 anmude bonds.
In some embodiments, each amide bond us, independently, a eupeptide bond or an 1sopeptide

bond.

10
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{0053] In various embodiments of the homo-bivalent linker compound of Stractures 1,
1a, th, Tcand 1d, O 1s a linking group comprising at least one amide bond formed from the
finkage of two amuno acids; two amide bonds formed from the linkage of three amune acids;
three anmide bonds formed from the linkage of four ammo acids; etc. In some embodiments, each
of the ammo acids 1, independently, Glyeime, Alanine, Prolime, Valine, Lysine, Aspartic Acid,
Citrulling, or Beta-Alanine.

{0054] In some aspects of the disclosure, the homo-bivalent linker compound of
Structures 1, 1a, 1b, Tc and 1d, the linking group comprising at least one amide bond ((3)

comprises Structure 2
R-Aa-Bb-Ce-Dd-R' {Structure 2)
wherein:
Ris H, oris absent;
R'1s OH, or 1s absent;
each of 3, b, ¢, and d 1s independently 0 or 1, with the proviso that thesumofa+h+¢c+d s
greater than or equal to 2; and
each of A, B, C and D independently comprises Structure 3:
N & D-(CHO2)w-{CHEA-{CHe &) -(CH®£)2-CO- ¥ {Structure 3}
wheremn:
each of w, x, y, and z are independently 0 or I, with the proviso that the sum of w+x + v
+ z is greater than or equal to 1;
each & 1s mdependently H, Hy, alkyl, alkoxy, alkyl carboxy, alkyi carboxamide, atkyl
amno, alkyi suifate, aryl, arvl carboxy, aryl carboxanude, aryl amino, arvl sulfate, or
1s absent;
each of &8, &, &, &, and & is independently present or absent, and if present designates
a terminus of a cyclic group as follows:
& designates the N in N & & as a terminus;
& designates the C in (CHO&)w as a terminus;
& designates the C m (CH®&)x as a terminus;
2 designates the C in ({CH@A )y as a terminus, and
& desigoates the C in (CH® &)z as a terminus;

11
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with the proviso that each Structure 3 independently contains zero, one or two ¢yclic
groups, the termini of each cyclic group being selected from:
& as a first terminus and &, &, 7%, or 73 as a second terminus;
# as a first terminus and &, &, or & as a second ferminus,
2 as a first terminus and & or &% as a second terminus; or
% as a first terminus and & as a second terntinus;
with the further proviso that:
if & is present, then © is absent;
if & is present, then ® is absent;
if 45 18 present, then & 1s absent;
it & 13 present, then & is absent;
each cyclic group that 13 present in Structure 3 further comprises, in addition to s
respective termini, a middle section between the termum, Y; and each Y 1
independently alkyl, alkoxy, alkyt carboxy, alkyl carboxamide, alkyi amino, or alkyl
sulfate;
cach of ©, (B, &, and ® are independently present or absent, and f present are H, OH,
alkyl alkvl carboxy, alkyl carboxamide, alkyl amino, alkoxy, thicalkyl)
atkylthioalkyl, aryl, or hetercaryl;
eachof ©, B, @, and & are, where present, optionally bonded {0 a functional end group
¥, with or without a spacer group {---}
each ¥ 1s independently OH, alkyl, alkoxy, alkyl carboxy, alkyl carboxamude, alkyl
aming, alkyl sulfate, aryl, aryl carboxy, aryl carboxamide, aryl amino, aryl sulfate, or
is absent; and
with the proviso that the resulting homo-bivalent linker compund contains a total of only two
functional end groups X, in keeping with the compound being a homo-bivalent finker
compound.
{00557 In various embodiments of the homo-bivalent linker compound, the linking group
comprising at least one amide bond (O} comprises at least two amino acids. In some embodiments,
each of the amino acids 1s naturally occurring or non-naturally occurring.  In some erabodiments,

each of the amino acids 1s an alpha, beta, gamma, or delta amino acid. To some embodiments, at

12
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least one of the amino acids is a protecgenic amino acid; or each of the amino acids 1s a proteogenic
aming acid.

{0056} In some embodiments of the homo-bivalent linker compound, the linking group
comprising at least one amide bond (3} comprises a eupeptide bond formed by the joining of
Glycine to Glycine according to Structure 4; Glycine to Alanine according to Structure 5;
Glyeme to Proline according to Structure 6; Glycine to Vahne according to Structure 7, Glycine
to Lysine according to Structure &; Glycine to Lysine according to Structure 9, Glyeine to
Aspartic Acid according to Structure 10; Glyeine to Beta- Alanine according to Structure 12,
Valine to Citralline according to Structure 13; Lysine to Lysine according to Structure 14,

[0057] In some embodiments of the homo-bivalent linker compound, the linking group
comprising at least one amide bond () comprises a eupeptide bond and an 1sopeptide bond
formed by the jomning of Glycine, Aspartic Acid, and Lysine, according to Structare 11

[0058] The disclosure provides for homo-bivalent inker compounds that are at least 75,
80, 853, 90, 93, 96, 97, 98, 99, or 100% pure. In some embodiments, the linker compound s about
85-95% pure. In some embodiments, the linker compound 15 greater than or equal to 75% pure;

greater than or equal to 85% pure; or greater than or equal to 95% pure.

Branched Linker Compounds Comprising Amide Bonds.

[0059] The disclosure provides for a branched hinker compound of Structure 15

L1 {Structare 15}

wherein:
B 15 a trivalent motety;
each of L1, 1.2 and L3 1s a braunch group; and
at least one of L1, L2 and L3 1s formed by the joining of B to a homo-bivalent linker
compound as defined 10 any of Structures 1 to 14.
{0060] The trivalent motety {B) within the branched linker compound 15 derived from a
starting material having three functional end groups available for reaction, examples of which

include substituted ammonias (HNR'R?RY) such as tris(hydroxyalkyhammonium; certain triols

13
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and their derrvatives such as tris(hydroxymethyhaminomethane, glycerol, 1-thioglycerol, 1,3-(2-
hydroxymethy-propanediol, trihydroxybenzene and deoxyribose.

{00611 In some embodiments of the branched linker compound of Structure 15, at least
two of L1, L2 and 1.3 are, independently, formed by the joining of B 6 a homo-bivalent linker
compound as defined in any of Structures 1 to 14,

[0062] In some embodiments of the branched linker compound of Structure 15, each of
L1, L2 and L3 are, independently, formed by the joining of B to a homo-bivalent linker
compound as defined in any of Structures 1 to 14

00631 The disclosure provides branched linker compounds that are at least 75, 80, 83,
90, 95, 96, 97, 98, 99, or 100% pure. In some embodiments, the linker compound 1s about 85-
95% pure. In some embodiments, the linker compound is greater than or equal to 75% pure;

greater than or equal to 85% pure; or greater than or equal to 95% pure.

Conjugates and Multi-Conjugates Comprising the Linker Compounds.

[0064] The disclosure provides for a multi-conjugate comprised of two or more biological
moieties joined together by covalent bonds, wherein at least one covalent bond within the multi-
conjugate is formed by reaction with a linker compound of any of Structures 1 1o 13, or as recited
m any of claims 1 to 53, which follow,

[0065] Tn some embodiments of the multi-conjugate, each of the biological moieties 18
joined to another biological motety by a inker compound of any of Stractures T {0 15, or as recited
many of claims 1 to 53,

[0066] As used herem, the term “biological moiety™ has its ordinary meaning as
understood by those skifled m the art. 1t refers to chemical entities that are biologically active or
mert when delivered into a cell or organism.

{0067] In many mstances, a biological moiety will produce a bislogical effect or activity
within the cell or organism to which it 15 delivered; and oftentimes the biclogical effect or
activity is detectable or measurable. In other instances, a biological moiety may be selected to
augment or enhance the biological effect or activity of ansther biological moiety with which it is
delrvered. In still other instances, a biclogical moiety may be selected for use in a method for

synthesizing a synthetic mtermediate or multi-conjugate.

14
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{0068] Examples of biclogical moieties include but are not imited to nucleic acids,
amino acids, peptides, proteins, lipids, carbohydrates, carboxvlic acids, vitamins, steroids,
lignins, small molecules, organometaliic compounds, or derivatives of any of the foregoing.

{0069] In some aspects of the disclosure, the multi-conjugate comprises two, three, four,
five, or six biological moieties.

(00707 In some embodiments of the multi-conjugate, each biclogical moiety 1s,
independently, a nucleic acid, peptide, protein, lipid, carbohydrate, carboxylic acid, vitamin,
steroid, lignin, small molecule, organometallic compound, or a derivative of any of the foregoing.

[0071] In some embodiments of the multi-conjugate, at least two biological moieties are
oligonucleotides; optionally the at least two oligonucleotides are adjacent one another in the muiti-
conjugate; and optionally each of the oligonucleotides 15 15-30, 17-27, 19-26, or 20-25 nucleotides
m length.

[0072] In some emnbodiments of the multi-conjugate, at least one of the biclogical moieties
is a double-stranded RN A; optionally an siRNA, a saRNA, ora nuRNA.

{00737 In some embodiments of the roulti-conjugate at least one of the biological moieties
1s a single-stranded RN A, optionally an antisense oligonucleotide.

(00747 In some ernbodiments of the multi-conjugate, each of the biological moieties 15 a
double-stranded siRNA.

[0075] In some embodiments of the multi-conjugate, at least one biological moiety 15 a
protein, a peptide, or a dertvative thereof.

[0076] Some embodiments of the multi-conjugate will have one or more covalent bonds

formed by reaction with a homo-bivalent hinker compound having maleimide functional groups,

each of which, upon reaction, is independently o or

{0077] The homo-bivalent linker compound, as described above in all of its various
embodiments, may be used in 3 linking or conjugation reaction {0 join various chemical or

biological compounds.

[
Lo
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{0078} Conjugates of chemical or biological compounds include, but are not himited to,
antibody drug conjugates comprising an antibody or antibody fragment conjugated to a drug
agent, including but not limited to a small molecule drug or an oligonuclestide therapeutic; other
protein conjugates; and oligonucleotide conjugates. In an embodiment, the conjugates comprise
oligonucleotides, polvpeptides, or proteins involved in gene editing systems such as
CRISPR/Cas, TALES, TALENS, and zinc finger nucleases (ZFNs).

100791 In other embodiments, the linker compound may be used in a series of linker or
conjugation reactions to join multiple chemical or biological agents to form a multi-conjugate.

[008¢] In an embodiment, the multiconjugate is a multimeric oligonucleotide comprised
of two or more oligonucleotide “subunits” {each individually a “subunit”) linked together via
covalent bonds formed by reaction with at least one linker compound as described herein,
wherein the subunits may be multiple copies of the same subuntt or differing subunits.

[0081] The conjugates, multiconjugates, and multimeric oligonucleotides may comprise
all known types of nucleic aaids, double-stranded and single-stranded, including for example,
siRNAs, saRNAs, miRNAs, antagomirs, CRISPR RNAs, long noncoding RNAs, piwi-
mteracting RNA, messenger RNA, short hatrpin RNA, aptamers, ribozymes, and antisense
oligonucleotides (for example, gapmers).

{0082} The present disclosure relates to a multieric oligonucleotide comprising
subunits, wherein each of the subunits 15 mdependently a single-stranded or double-stranded
oligonucleotide, and one or more of the subumis 18 joined to another subunit by covalent bonds
formed by reaction with a linker compound as descnibed herein, ncluding but not himited to a
finker compound represented by any of Structures 1-15.

[0083] In any of the foregoing multimeric oligonucleotides, at least two subunits are
substantially different; alternatively, all of the subunits in the multimeric sligonucleotide are
sutbstantially different from one another.

{00841 In any of the foregoing multimeric oligonucleotides, at least two subuntis are the
same; ahlternatively, all of the subunits in the multimeric oligonucleotide are the same.

{00851 In any of the foregoing embodiments, the multimeric oligonucleotide comprises
two, three, four, five or six subunits.

{0086} In any of the foregoing multimeric oligonucleotides, each subunit is 15-30, 17-27,

19-26, or 20-25 nucleotides in length.
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{0087} In any of the foregoing multimeric oligonucleotides, one or more of the subunits
are a double-stranded RNA or BDNA; alternatively all of the subuniis are a double-stranded RNA
or DNA; alternatively one, or more, or all of the subunits are siRNA, saRNA, or miRNA.

{0088] In any of the foregoing multimeric oligonucleotides, one or more of the subunits
are an RNA or a DNA comprising a self-hybridizing, double-stranded segment, e.g., but not
fimited to an aptamer.

00891 In any of the foregoing multimeric oligonucleotides, one or more of the subunits
are a single-stranded RNA or DNA; alternatively all of the subunits are a single-stranded RINA
or DNA.

[0090] In any of the foregoing multimeric oligonucleotides, the subuniis comprise a

combination of single-stranded and double-stranded oligonucleotides.

Methods for Synthesizing a Multi-Conjugate,

{00911 The disclosure provides methods for synthesizing a multi-conjugate comprising
the steps of reacting a homo-bivalent linker compound with a first and a second biological
moeity, under reaction conditions that promote the formation of a covalent bond between the
first biological moiety and the linker compound and a covalent bond between the second
biological moiety and the linker compound.

[0092] Tn an embodiment of the method, the first biological moiety and the second
biological moiety are the same and the coupling of each of the biological moisties to the homo-
bivalent linker compound 13 performed simultaneously.

{00937 In an embodiment of the method wherein the first biological moiety and the
second biological moiety are different, the coupling of each of the bivlogical moieties to the
homo-bivalent linker compound 15 performed sequentially under reaction conditions that
substantially favor the formation of an 1solatable intermediate comprising the homo-bivalent
linker monosubstituted with the first biological moiety and substantially prevent dimerization of
the first biological moiety.

100941 In an embodiment of the sequential method, the coupling of the homg-bivalent
finker compound to the first biological motety 1s carried out 1n a dilite solution of the first

biclogical moiety with a stoichiometric excess of the homo-bivalent linker compound.

[
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{0095} In an embodiment of the sequential method, the coupling of the homo-bivalent
linker compound to the first biological moiety is carried out with a molar excess of the homo-
bivalent linker compound of at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 30, or 100.

{0096] In an embodiment of the sequential method, the coupling of the homo-bivalent
linker compound to the fisst biological moiety s carried out with a molar excess of the homeo-
bivalent linker compound of about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 100

00971 In an embodiment of the sequential method, the coupling of the homo-bivalent
finker compound to the first biological motety 1s carried out in a solution comprising water and a
water miscible organic co-solvent. In a further embodiment, the water miscible organic co-
solvent comprises DMF, NMP, DMSO, alcohol, or acetonitride. In a further embodiment, the
water miscible organic co-solvent comprises about 10, 15, 20, 25, 30, 40, or 50 % (v/v) of the
solution. In a stll further erabodiment, the coupling of the homo-bivalent linker compound to
the first brological moiety 1s carnied out at a pH of below about 7, 6, 5, or 4. In another
embodiment, the coupling of the homo-bivalent hinker compound to the first biological moiety 1s
carried cut ata pH of about 7, 6, 3, or 4.

[{0098] In an embodiment of the sequential method, the coupling of the homo-bivalent
Huker compound to the first biological moiety ts carried out 10 a solution comprising an
anhydrous organic solvent. In a further embodiment, the anhydrous organic solvent comprises
dichloromethane, DMF, DMSO, THF, dioxane, pynidine, alcohol, or acetonitrile.

{00991 In an embodiment of any of the methods for synthesizing a rmidti-conjugate, the
vield of the multi-conjugate 15 at least 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100 %.

[00100]  In an embodiment of any of the methods for synthesizing a multi-conjugate, the
purity of the compound is at least 75, at least 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100 %.

{00101]  The sequential method for synthesizing a multi-conjugate produces, as a synthetic
mtermediate, a compound comprising a homo-bivalent hinker compound that 1s substituted on
one end by a biclogical motety and the other end of the homo-bivalent linker compound is
unsubstituted (a mono-substituted homo-bivalent linker}. The mono-substituted homeo-bivalent
linker so produced is at least 75%, 80, &5, 90, 95, 96, 97, 98, 99, or 100 % pure.

{00102]  In various embodiments of the mono-substituted homo-bivalent linker, the

biological moeity 1s a nucleic acid, peptide, protein, lipid, carbohydrate, carboxylic acid, vitamin,
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steroid, lignin, small molecule, organometallic compound, or a derivative of any of the

foregoing.

Pharmaceutical Compaeositions and Medicaments.

{00103] The disclosure provides for a pharmaceutical composition comprising a multi-
conjugate formed in a synthesis process that utilizes at least one linker compound as described
heren, including but not limited to any of Structures 1 to 15, or as recited in any of claims 1 to
50, which follow; and/or comprising & multi-conjugate as recited in any of claims 54 1o 63,
which follow.

{00104]  The disclosure further provides a multi-conjugate for use in the manufacture of a
medicament, wherein the multi-conjugate is formed in a synthesis process that utilizes at least
one hinker compound as described herein, including but not limited to of any of Structures 1 to
15, or as recited n any of claims 1 to 50, which follow; and/or a multi-conjugate as recited 1o
any of claims 54 to 63, which follow.

[00103]  The present disclosure relates to pharmaceutical compositions comprising an
active pharmaceutical ingredient. To an embodiment, the active pharmaceutical ingredient can be
joined to another chemical or biological substance by a covalent bond formed by reaction with a
finker compound of any of Structures 1-14 and branched, multivalent linkers as described herein
meluding but not imited to Structure 15, The active pharmaceutical ingredient may be a protein,
peptide, aming acid, nucleic acid, targeting ligand, carbohydrate, polysaccharide, lipid, organic
compound, or inorganic compound.

[00106]  As used heremn, pharmaceutical compositions include compositions of matter,
other than foods, that contain one or more active pharmaceutical ingredients that can be used to
prevent, diagnose, alleviate, treat, or cure a disease. Sunilarly, the various compounds or
compositions according to the disclosure should be understood as including embodiments for use
as a medicament and/or for use in the manufacture of a medicament.

[00107] A pharmaceutical composition can include a composition comprising an active
pharmaceutical ingredient joined by a covalent bond formed by reaction with a linker compound
as described herein, including but not limited to a linker compound of any of Structures 1-15,
and a pharmaceutically acceptable excipient. As used herein, an excipient can be a natural or

svnthetic substance formulated alongside the active ingredient. Excipients can be mcluded for
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the purpose of long-term stabilization, increasing volume {e.g., bulking agents, fillers, or
diluents}, or to confer a therapeutic enhancement on the active ingredient i the final dosage
form, such as facilitating drug absorption, reducing viscosity, or enhancing solubility. Excipients
can also be useful manufacturing and distribution, for example, to aid in the handling of the
active ingredient and/or to aid in vitro stability {e.g., by preventing denaturation or aggregation).
As will be understood by those skilled in the art, appropriate excipient selection can depend upon
various factors, including the route of administration, dosage form, and active ingredient(s).

[00108]  The pharmaceutical composition can be delivered locally or systemically, and the
administrative route for pharmaceutical compositions of the disclosure can vary according to
application. Adminisiration is not necessarily limited to any particular delivery system and may
mcelhude, without limitation, parenteral (including subcutaneous, intravenous, intramedullary,
intraarticular, itramuscular, ntrapertoneal, intraparenchymal, intracerebroventricular, and
inirathecal, cisternal and lombar), recial, topical, transdermal, or oral. Admunistration to an
mdwvidual may occur 1o a single dose or in repeat admnistrations, and in any of a variety of
physiologically acceptable salt forms, and/or with an acceptable pharmaceutical carrier and/or
additive or adjuvant as part of a pharmaceutical composition. Physiclogically acceptable
formulations and standard pharmaceutical formulation technigues, dosages, and excipients are
well known to persons skilled 10 the art (see, e.g., Physicians” Desk Reference (PDR®R) 2005,
59th ed., Medical Economics Company, 2004; and Remington: The Science and Practice of
Pharmacy, eds. Gennado et al. Z1th ed., Lippincott, Williams & Wilkins, 2005).

{00109]  Pharmaceutical composttions can include an effective amount of the hnker
compound or composition {e.g., conjugates and multimeric chigonucleotides comprising the
huker compound) according to the disclosure.  As used herein, effective amount can be a
concentration or amount that results in achieving a particular purpose, or an amount adequate to
cause a change, for example in comparison {0 a placebo. Where the effective amount is a
therapeutically effective amount, it can be an amount adequate for therapeutic use, for example
an amount sufficient to prevent, diagnose, alleviate, treat, or cure a disease or condition. An
effective amount can be determined by methods known in the art.  An effective amount can be
determined empirically, for example by human chinical trials. Effective amounis can also be

extrapolated from one animal (e.g., mouse, rat, monkey, pig, dog) for use in another amimal (e g,
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human), using conversion factors known in the art. See, e.o., Freireich et al., Cancer Chemother
2 =l b 5 3

Reports 50{(43:219-244 (1966).
Methods of Using Products Comprising the Linker Compounds,

[00110]  The present disclosure also relates to methods of using compounds containing the
above-described linkers in various applications, inclading but not Timited to delivery to cells in
vitro of in vive for the purpose of modulating gene expression, biological research, treating or
preventing medical conditions, and/or to produce new or altered phenotypes.

{00111]  In an embodiment, the disclosure provides a method of treating a disease or
condition i a subject by administering to the subject an effective amount of a pharmaceutical
composition comprising an active pharmaceutical ingredient jomed by a covalent bond formed
by reaction with a linker compound as described herein including but not limited to linker
compounds according to any of Structures 1-16. In an embodiment, the hinker compound in the
pharmaceutical composition is or comprises an active pharmaceutical ingredient {(e.g., an ASQ}.

{00112] In one aspect, the disclosure provides a method for modulating gene expression,
for example to silence, activate or inhibit gene expression, comprising administering an effective
amount of a pharmaceutical composition comprising a linker compound, or an active
pharmaceutical ingredient joined by a covalent bond formed by reaction with a linker compound,
according to any of the linker compounds described herein, inchuding but not limited to
Structures 1-16, to a subject in need thereof. In such therapeutic embodiments, the linker
compound may be present within or conjugated to an oligonucleotide that modulates gene
expression, for example an siRNA, saRNA, miRNA, antagomir, CRISPFR RNA, long noncoding
RNA, prwi-interacting RNA, messenger RNA, short hairpin RNA, aptamer, ribozyme, or
antisense ohigonucleotide (for example, a gapmer). In another embodiment, the hinker compound
may be conjugated to a protein or protein fragment involved 1o modulating gene expression, for
example any of the CRISPR-Cas protem effectors (e.g., Cas9), TALES, TALENS, zinc finger
nucleases, or derivatives of any of the foregoing.

[00113]  As used herein, a “subject” mcludes, but ts not imuted to, mammals, such as
primates, rodents, and agrnicoltural animals. Examples of a primate subject includes, but 13 not

hmited to, a human, a chimpanzee, and a rhesus monkey. Examples of a rodent subject includes,
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but is not limited to, a mouse and a rat. Examples of an agricultural animal subject includes, but

is not imited to, a cow, a sheep, a lamb, a chicken, and a pig

Methods for Treating Subjects.

{00114] The disclosure provides @ method for treating a subject in need of treatment to
ameliorate, cure, or prevent the onset of a disease or disorder, the method comprising
administering to the subject an effective amount of the multi-conjugate formed in a synthesis
process that utilizes at least one linker compound as described herein, including but not limited
to any of Structures 1 to 15, or as recited in any of claims 1 to 50, which follow; and/or
comprising a multi-conjugate as described herein, including but not imited to & multi-conjugate
recited in any of claims 54 to 63, which follow.

[00115]  The disclosure provides a method of treating a disease or condition mn a subject
corprising the step of admiunistering to the subject an effective amount of a pharmaceutical
composition comprising an active pharmaceuiical ingredient jomed by a covalent bond formed
by reaction with a at least one linker compound as described herein, mncluding but not limited to

any of Structures 1 10 15, or as recited in any of claims 1 to SO, which follow.

Metheods for Modulating Gene Expression.

[00116]  The disclosure provides a method for modulating gene expression ina cell, in
vitro or in vive, the method comprising delivering to the cell an effective amount of a mult-
conjugate as descirbed herein, including but not limited to a multi-conjugate as recited w any of
claims 54 to 63, which follow, and a multi-conjugate formed n a synthesis process that utilizes
at least one hinker compound as deseribed heremn, including but not himtted to any of Structures 1
to 15, or as recited m any of clamms 1 to 50, which follow; wherein the multi-conjugate
comprises at least one biological motety that has the effect of modulating gene expression.

001171  Inan embodiment of this method, at feast one biological moiety in the muli-
conjugate silences or reduces gene expression. In an embodiment, the foregoing biological is
siRNA, miRNA, or an aniisense oligonucleotide.

{00118] In an embodiment of this method, at least one biological moiety in the mulu-
conjugate activales or increases gene expression. In an embodiment, the foregoing brological

moiety 1s saRNA.
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Methods for Delivery to a Cell.

{00119] The disclosure provides a method for delivering, i1 vitro or in vivo, two or more
biological moeities o a cell per nternalization event, comprising admimstering to the celi a
multi-conjugate as described herein, meluding but not himited to a multi-conjugate as recited in
any of claims 54 to 63, which follow, and/or a multi-conjugate formed in a synthesis process that
utilizes at least one linker compound of any of Structures 1 to 13, or as recited in any of claims 1
to 50, which follow.

[00120]  In an embodiment of the methad, the multi-conjugate 1s formulated i a lipid
nanoparticle.

[001211  In an embodiment of the methad, the multi-conjugate is packaged in a vural
vector.

[001221  In an embodiment of the method, the multi-conjugate comprises a cell- or tissue-
targeting higand.

[00123]  Ivn an embodiment of the method, the multi-conjugate comprises 3 or more

biological moieties n a predetermined stowchiometric ratio.

Tunable Linker Compounds.

[00124] The present disclosure relates to hinker compounds configured or selected to
extubit higher or lower stabihity to cleavage by proteases. These enzymes are ubiguitous in the
human body and form key parts of metabolic pathways. However, differing proteases with
differing activity profiles are present in various cell and tissue types. A key aspect of the
disclosed finker compound 1s lability o certain proteases and simultangous resistance to others.

[00125]  The linker compounds described herein are resistant to exoproteases (or
exopeptidases) as the linking functional groups at the termini are non-amino acid in nature and
hence the whole Hnker 1s not susceptible to this class of enzymes. By contrast, the internal
finking group comprising at least one amide bond can contain one or more amino acid residues
which are susceptible to endo-proteases. This susceptibility can be mcereased or decreased
according to preference by altering the number, type, and position of the amino acid derivatives
m the linker compound. Thus, by taking advantage of the higher lability of simple amino acids
to endo-proteases, the linker may contain, e g, a Gly-Gly sequence for rapid cleavage.
Ahernatively, the mternal linker sequence may coniain, e.g., syuthetic non-proteogenic aminoe
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actds for greater stability to endoproteases. In general a higher proportion of synthetic rather
than protesgenic aming acids, together with a greater proportion of spacer groups, results in a
greater stability of the linker and a corresponding slower rate of cleavage by endo-proteases.
And vice versa

[00126] In this way the biological characteristics of the linker compound can be “tuned” to

the user’s requirements.
Targeting Agents.

[00127] Drog delivery systems have been designed using targeting ligands or conjugate
systems to facilitate delivery to specific cells or tissues. For example, oligonuclectides can be
conjugated o cholesterols, sugars, peptides, and other nucleic acids to facilitate delivery into
hepatocytes and/or other cell types. Oftentimes, such conjugate systems facilitate delivery mto
specific cell types by binding to specific cell-surface receptors.

{00128] The hinker compounds of the present disclosure may be used to conjugate a cell-
targeting or tissue-targeting ligand or other targeting moitety ¢heremnafter, “targeting agent”)to a
payload, which is any substance intended for intracellular or tissue delivery. The targeting agent
may be made accessible on the surface of a nanoparticle, exosome, microvesicle, viral vector,
other vector, carrier material or other delivery system (“package”) containing a payload for the
purpose of delivering the package to a specific target. Alternatively, the targeting agent may be
conjugated directly to the payload for direct delivery to the target without the need for
formulation into a package. Additionally, the hoker compound itself may comprise a targeting
agent.

[00129] Targeting agents within the scope of the present disclosure include but are not
limited to an antibody, antibody fragment, double-chain antibody fragment, or single-chain
antibody fragment; other protein, for example, a glycoprotein {e.g., transfertin} and a growth
factor; a peptide, cell-penetrating peptide, viral or bacterial epitope, endosomal escape peptide or
other endosomal escape agent; a chemucal derivative of a peptide, for example 2-[3~(1,3-
dicarboxypropyl)-ureido]pentanedioic acid (DUPA); a natural or synthetic carbohydrate, for
example, a monosaccharide (e.g., galactose, mannose, N-Acetylgalactosamine [“GalNACT]),
polysaccharide, or a cluster such as lectin binding oligo saccharnide, diantennary GalNAg, or

triantennary GalNAg, a lipid, for example, a sterol {e.g., cholesterol}, phosphohpid {(e.g,,
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phospholipid ether, phosphatidyicholing, lecithin); a vitamin compound {e.g., tocopherol or
folate), immunostimulant (e g., a CpG cligonucleotide); an amino acid {e.g., arginine-glycine-

aspartic acid (“RGD™Y, a nucleic acid {e.g., an aptamer); an element (e g., gold); and synthetic

EiE =7

molecules {e g, anisamide and polyethylene glycol}. In an embodiment, the targeting agent

comprises an aptamer, GalNAc, folate, lipid, cholesterol, or transferrin.
Drug Delivery Systems.

{001306]  As will be understood by those skilied in the art, regardless of biclogical target or
mechanism of action, therapeutic oligonuclentides must overcome a serigs of physiological
hurdles to access the target cell in an organism {e.g., animal, such as a human, in need of
therapy). For example, a therapeutic oligomucleotide generally must avoid clearance in the
bioodstream, enter the target cell type, and then enter the cytoplasm, all without eliciting an
undesirable immune response. This process is generally considered inefficient, for example,
95% or more of siRNA that enters the endosome in vive may be degraded in lysosomes or
pushed out of the cell without affecting any gene silencing.

{00131} To overcome these obstacles, scientists have designed numerous drug delivery
vehicles. These vehicles have been used to deliver therapeutic RNAs in addition to small
molecule drugs, protein drugs, and other therapeutic molecules. Drug delivery vehicles have
been made from materials as diverse as sugars, lipids, lipid-like materials, proteins, polymers,
peptides, metals, hydrogels, conjugates, and peptides. Many drug delivery vehicles incorporate
aspects from combinations of these groups, for example, some drug delivery vehicles can
combine sugars and lipids. In some other examples, drugs can be directly hidden in “cell hike’
materials that are meant to mumic cells, while 1o other cases, drugs can be put into, or onto, cells
themselves. Drug delivery vehicles can be designed to release drugs in response to stimuli such
as pH change, biomolecule concentration, magnetic fields, and beat,

[00132]  Much work has focused on delivering oligonucleotides such as siRNA to the
fiver. The dose required for effective siRNA debivery to hepatocytes in vivo has decreased by
more than 10,000 fold o the last ten years — whereas delivery vehicles reported in 2006 could
require more than 10 mg/kg siRNA to target protein production, with new delivery vehicles

target protein production can now be reduced after a systemic injection of 0.001 mg/kg siRNA.
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The increase in oligonucleotide delivery efficiency can be atiributed, at least in part, to
developments in delivery vehicles.

{00133]  Another important advance has been an increased understanding of the way
helper components influence delivery. Helper components can include chemical structures
added to the primary drug delivery system. Gften, helper components can improve particle
stability or delivery to a specific organ. For example, nanoparticles can be made of lipids, but
the delivery mediated by these lipid nanoparticles can be affected by the presence of hydrophilic
polymers and/or hydrophobic molecules. One important hvdrophilic polymer that influences
nanoparticle delivery is poly(ethylene glycol). Other hydrophilic polymers mnclude non-ionic
surfactants. Hydrophobic molecules that affect nanoparticle delivery include cholesterol, 1-2-
Distearoyi-sn-glyerco-3-phosphocholine (DSPCY, 1-2-di-O-octadecenyl-3-trimethylammonium
propane {DOTMA), 1,2-dicleoyl- 3-trimethylamroonium-propane (DOTAP), and others.

[00134]  One skilled o the art will appreciate that known delivery vehicles and targeting
ligands can generally be adapted for use according to the present disclosure.

[00135]  Examples of delivery vehicles and targeting hgands, as well as their use, can be
found 1 Sahay, G, et al. Effictency of siRNA delivery by lipid nanoparticles is imited by
endocytic recycling. Nat Biotechnol, 31: 633-658 (2013); Wittrup, A, et al. Visualizing lipid-
formulated siRNA release from endosomes and target gene knockdown. Nat Biotechnol (2015);
Whitehead, KA., Langer, B, & Anderson, .G Knocking down barriers: advances i siRNA
delivery. Nature reviews. Drug Discovery, 8 129-138 (2009); Kanasty, R, Dorkin, LR, Vegas,
A. & Anderson, D}, Delivery materials for siRNA therapeutics. Nature Materials, 12 967-977
(2013); Tibbatt, MW, Dahiman, JLE. & Langer, R, Emerging Frontiers in Drug Delivery. J Am
Chem Soc, 138: 704-717 (2016); Akine, A, et al. Targeted delivery of RNA1 therapeutics with
endogenous and exogenous higand-based mechanisms. Molecular therapy: the journal of the
American Society of Gene Therapy 18, 13571364 (2010}; Nair, F K| et al. Multrvalent N-
acetylgalactosamine-conjugated siRNA localizes in hepatocyies and eliciis robust RNAi-
mediated gene silencing. J Am Chem Soc, 136: 16958-16961 (2014); Ostergaard, ML E.| et al.
Efficient Synthesis and Biological Fvaluation of 8°-GalNAc Conjugated Antisense
Cligonucleotides. Bioconjugate chenustry (2015); Sehgal, A, et al. An RNAI therapeutic
targeting antithrombin to rebalance the coagulation system and promote hemostasis in

hemophilia. Nature Medicine, 21: 492-497 {201 5); Semple, S.C, et al. Rational design of
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cationic lipids for siRNA delivery. Nat Biotechnol, 28: 172-176 (2010); Mater, M A et al.
Biodegradable hipids enabling rapidly eliminated lipid nanoparticles for systemic delivery of
RMNA1 therapeutics. Molecular therapy: the journal of the American Society of Gene Therapy, 21:
1570-1578 (2013); Love, K.'T, et al. Lipid-like materials for low-dose, 1n vivo gene silencing,
Proc Nat Acad USA, 107: 1864-1869 (2010); Akinec, A, et al. A combmatorial library of hipid-
iike materials for delivery of RNA1 therapeutics. Nat Biotechnol, 26: 561-369 (2008); Eguchy,
A, etal Efficient siRNA delivery into primary cells by a peptide transduction domam-dsRNA
binding domain fusion protein. Nat Biotechnol, 27: 567-571 (2009}, Zuckerman, J.E. | etal
Correlating animal and human phase la/1b clinical data with CALAA-01, a targeted, polymer-
based nanoparticle containing siRINA. Proc Nat Acad USA, 111: 11449-11454 (2014);
Zuckerman, JE & Davis, MLE. Chinical experiences with systemically administered siRNA-
based therapeutics in cancer. Nature Reviews. Drug Discovery, 14 843-856 (2015); Hao, J,, et
al. Rapid Synthesis of a Lipocationic Polyester Library via Ring-Opening Polymerization of
Functional Valerolactones for Efficacious siRNA Delivery. J Am Chem Soc, 29; 9206~ 9209
(2015); Siegwart, D 1., et al. Combinatorial synthesis of chemically diverse core-shell
nanoparticles for intracellular delivery. Proc Nat Acad USA, 108 12996-13001 (2011);
Dahlman, LE., et al. In vivo endothehal siRNA delivery using polymeric nanoparticles with low
molecular weight. Nat Nano 9, 648-6535 (2014); Soppimath, K.S., Aminabhavi, T.M., Kulkarn,
AR & Rudzinski, W.E. Biodegradable polymeric nanoparticles as drug delivery devices.
Journal of controlled release: official journal of the Controlled Release Society 70, 1-20 (2001);
Kum, HJ., et al. Precise engineering of siRNA delivery vehicles to tumors using polyion
complexes and gold nanoparticles. ACS Nano, 8: 8979-8991 (2014}, Krebs, M.I3,, Jeon, O. &
Alsberg, E. Localized and sustained delivery of silencing RNA from macroscopic biopolymer
hydrogels. J Am Chem Soc 131, 9204-9206 (2009}, Zammermann, T.S,, et al. RNA-mediated
gene silencing in non-human primates. Nature, 441 111-114 (2006); Dong, Y., et al.
Lipopeptide nanoparticles for poteni and selective siRNA delivery in rodents and nonhuman
primates. Proc Nat Acad USA, 111: 3955-3960 (2014}; Zhang, Y, et al. Lipid-modified
aminoglveoside derivatives for in vivo siRNA delivery. Advanced Materials, 25 4641-4645
{2013); Molinare, R, et al. Biomimetic protesiipid vesicles for targeting inflamed tissues. Nat
Mater (2016}, Hu, C.M., et al. Nanoparticle biointerfacing by platelet membrane cloaking.

Nature, 526: 118-121 (2015}, Cheng, R, Meng, F., Deng, C,, Klok, H-A & Zhong, Z. Dual and
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multi-stimuli responsive polymeric nanoparticles for programmed site-specific drug delivery.
Biomaterials, 34: 3647-3657 (2013); Qi Y. & Park, K. Environment-sensitive hydrogels for
drug delivery. Advanced Drug Delivery Reviews, 64, Supplement, 49-00 (2012}, Mui, B.L | et
al. Influence of Polyethylene Glycol Lipid Dresorption Rates on Pharmacokinetics and
Pharmacodynamics of siRNA Lipid Nanoparticles. Mol Ther Nucleic Acids 2, 139 (2013);
Draz, MLS., et al. Nanoparticle-Mediated Systemic Delivery of siRNA for Treatment of Cancers
and Viral Infections. Theranostics, 4: 872-892 (2014); Otsuka, H., Nagasak:, ¥. & Katacka, K.
PEGylated nanoparticles for biological and pharmaceutical applications. Advanced Drug
Delivery Reviews, 55: 403-419 (2003); Kauffman, K 1, et al. Optimization of Lipid
Nanoparticle Formulations for mRNA Delivery in vive with Fractional Factorial and Definitive
Screening Designs. Nano Letters, 15: 7300-7306 (2015); Zhang, S, Zhao, B., Jiang, H, Wang,
B. & Ma, B. Cationic lipids and polymers mediated vectors for delivery of stRNA. Journal of
Controlied Release 123, 1-10(2007); THum, L. & Davis, 8.S. The organ uptake of intravenously
admirustered colloidal particles can be altered using a nov~tonic surfactant (Poloxamer 338).
FEBS Letters, 167: 79-82 (1984); Felgner, P.L ., et al. Improved Cationic Lipid Forroulations for
Tn vivo Gene Therapy. Annals of the New York Academy of Sciences, 772: 126-139 (1995},
Meade, B R & Dowdy, S.F. Exogenous siRNA delivery using peptide transduction domains/cell
penetrating peptides. Advanced Drug Delivery Reviews, 59: 134-140 (2007); Endoh, T. &
Ohtsuky, T. Cellular siRNA delivery using celi~penetrating peptides modified for endosomal
escape. Advanced Drug Delivery Reviews, 61: 704-709 (2009}, and Leg, H,, et al. Molecularly
self-assembled nucleic acid nanoparticles for targeted in vivo siRNA delivery. Nat Nano, 7. 385~
393 (2012).

{00136]  The following Examples are illustrative and not restrictive. Many vanations of
the technology will become apparent to those of skill in the art apon review of this disclosure.
The scope of the technology should, therefore, be determined not with reference to the
Examples, but instead should be determined with reference to the appended claims along with

their full scope of equivalents.

EXAMPLES

Example 1:  Gly-Lys bis-(hexanoyl Maleimide) Linker
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{001371 A Glycine-Lysine dipeptide is prepared by solid phase synthesis and dissolved in
aqueous alcohol 2 equivalents of a solution 6-Maleimidohexanoic acid N-hydroxysuccinimide
ester (ECMS) (Creative Biolabs, CAS 55750-63-5) 1 alcohol are added and the whole stirred for
2 hrs. The resulting N, N, bis-{6-maleimidohexanoyl) glycine-lysine derivative is isolated by

preparative chromatography.

Example 2: Val-Cit bis-(hexanoy! Maleimide) Linker

[00138] A Valine-Citrulline dipeptide 1s prepared by solid phase synthesis and dissolved
mn aguecus alechol 2 equivalents of a solution of 6-Maleimidohexanoic acid N-
hydroxysuccinimide ester (ECMS) (Creative Biolabs, CAS 55750-63-5) in alcohol are added and
the whele stirred for 2 hrs. The resulting N, N, bis-{6-maleimidohexanoyl} valine-citrulline

dervative s 1solated by preparative chromatography.

Example 3:  Asp-Lys bis-(hexanoyl Maleimide) Linker

[00139]  An Aspartate-Lysine so-dipeptide s prepared by solid phase syonthesis and
dissolved i agueous alcohol. 2 equivalents of a solution 6-Maleimidohexanoic acid N-
hydroxysuccinimide ester (ECMS) (Creative Biolabs, CAS 55750-63-5) tn aleohol are added and
the whole stirred for 2 hes. The resulting N, N, bis~{¢-maleimidohexanoy]) aspartate-lvsine iso-

dipeptide derivative 1s 1solated by preparative chromatography.

Example 4: Gly-Gly-Val-Lys bis-(hexanoyl Maleimide) Linker

{00140] A Glycome-Glyemne-Valine-Lysine tetrapeptide 1s prepared by solid phase
svuthesis and dissolved o agueous alcobol. 2 equivalents of a solution 6-Maletmidohexanoic
actd N-hydroxysuccimmide ester (ECMR) (Creative Biolabs, CAS 55750-63-5) in alcohol are
added and the whole stirred for 2 hrs. The resulting N, N, bis-{6-maleimidchexanoyl} glycine-

glycine-valine-lysine derivative is 1solated by preparative chromatography.

Example 5:  Gly-Lys bis-(diethylene glycol Maleimide) Linker
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{001411 A Glycine-Lysine dipeptide is prepared by solid phase synthesis and dissolved in
aqueous alcohol 2 equivalents of a solution of maleimido-di-ethyleneglycol-carboxy-0-
pentaflucrophenol {Creative Biolabs, MEL-di-EG-OPFP (ADC-L-022}} in alesho! are added and
the whole stirred for 2 hrs. The resulting N, N, bis-{carboxydiethylene glycol maleimide}

glycine-tysine derivative s isolated by preparative chromatography.

Example 6:  Val-Cit bis-(diethylene glycol Maleimide} Linker

[00142] A Valine-Citrulline dipeptide is prepared by solid phase synthesis and dissolved
m agueous alcohol. 2 equivalents of a solution of maleimido-di-ethyleneglycol-carboxy-0O-
pentafluorophenc! (Creative Biolabs, MEL-di-EG-OPFP (ADC-L-022)} in alcohol are added and
the whole stirred for 2 hrs. The resulting N, N, bis-{6-malemmidohexanovl) valine-citrulline

derivative is 1solated by preparative chromatography.

Example 7:  Asp-Lys bis-{diethylene glycol Maleimide) Linker

[00143]  An Aspartate-Lysine 1so-dipeptide is prepared by solid phase synthesis and
dissolved in aqueous alechol. 2 equivalents of a solution of malemmudo-di-ethyleneglycol-
carboxy-O-pentafluoropheno! {Creative Biolabs, MEL-di-EG-OPFP (ADC-L-022)) in alcohol
are added and the whole stirred for 2 hrs. The resulting N, N, bis-(6-maleimidohexanoyl)

aspartate-lysine 1so-dipeptide derivative is isolated by preparative chromatography.

Example 8:  Gly-Gly-Val-Lys bis-{diethylene glycol Maleimide) Linker

[00144] A Glyceme-Glycme-Valine-Lysine tetrapeptide 18 prepared by solid phase
synthesis and dissolved in agqueous alcohol. 2 equivalents of a solution of maleimido-di-
ethyleneglycol-carboxy-O-pentafluorophens! {Creative Biolabs, MEL-di-EG-OPFP {(ADC-L-
0223} in alcoho! are added and the whole stirred for 2 hrs. The resulting N, N, bis-{6-
maleimidohexanoy!) glveine-glycine-valine-lysine derivative is isolated by preparative

chromatography.
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Example 9:  Gly-Lys bis-{Alkynyl) Linker

001451 A Glycine-Lysine dipeptide 1s prepared by solid phase synthesis and dissolved in
aqueous alcohol 2 eguivalents of a solution of N-hydroxysuccimmidy! hexynoate (Creative
BioLabs, 906564-59-8}) 1n alcchol are added and the whole stirred for 2 hrs. The resulting N, N,

bis-{S-hexynovl) glycine-lysine derivative is isolated by preparative chromatography.

Example 10 Val-Cit bis-{Alkynyl) Linker

[00146] A Valine-Citrulline dipeptide 1s prepared by solid phase synthesis and dissolved
i agueous alcohol. 2 equivalents of a solution of N-hydroxysuccimimidy} hexynoate (Creative
Biok.abs, 906564-39-8) in alcobol are added and the whole stured for 2 hrs. The resulting N, N,

bis~{ 3-hexynovl) valine-citrulline derivative 1s isolated by preparative chromatography.

Example 11:  Asp-Lys bis-{Alkynyl) Linker

[00147]  An Aspartate-Lysine 1so-dipeptide is prepared by solid phase synthesis and
dissolved in agueous alcohol. 2 equivalents of a solution of N-hydroxysuccimimidy! hexynoate
{Creative BioLabs, 906564-59-8) m alcohol are added and the whole stirred for 2 hrs. The
resulting N, N, bis-{5-hexynoyl} aspartate-lysine iso-dipeptide derivative s isolated by

preparative chromatography.

Example 12: Gly-Gly-Val-Lys bis-(Alkynyl) Linker

{00148] A Glyome-Glyemne-Valine-Lysine tetrapeptide 1s prepared by solid phase
syvuthesis and dissolved o agueous alcobol. 2 equivalents of a solution solution of N-
hydroxysuccimimidy! hexynoate {Ureative BioLabs, 906564-59-8) in alcohol are added and the
whotle stirred for 2 hrs. The resulting N, N, bis-{S-hexynoyi} glycine-glycine-valine-lysine

derivative is isolated by preparative chromatography.
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Example 13: Lys-Lys bis-{Alkyoyl) Linker with both linking groups on side chains
[00149] A Lysine-Lysine dipeptide with an N-terminal acetate, and t-boc protected amino
groups in the side chains is prepared by solid phase synthesis. The t-boc groups are removed by
treatment with methanolic HC! in the presence of anisole. The resulting dipepiide with free e-
amino groups is dissolved in agueous alcohol and treated with 2 equivalents of a solution of N-
hydroscysuccininudy! hexynoate (Creative BioLabs, 906564-59-8) 1n alcohol and the whole
stirred for 2 hrs. The resulting N-acety! bis-{e-N-5-hexynoyl} lysine-lysine derivative is isolated

by preparative chromatography.

Example 14: Formation of silNA dimer linked by Gly-Gly-Val-Lys bis-(hexanoyl
Maleimide)

[00150]  An siRNA targeting FVII mRNA with a 3 -ternunal group s dissolved in aqueous
acetonitrile and 1s treated with 0.5 equavalents of N, N, bis-{6-maleimidohexanoyl) glycine-
ghycine~-valine-lysine and the mixture stirred at room temperature for 3 hrs and then lvophilized.
The restdue 1s suspended in aqueous triethyl ammonium bicarhonate buffer, insoluble material is
removed by cendrifugation, and the desired N, N, bis-(6-maleinudohexanoyl} glycine-glycine-

valine-tysine linked dimer of siIRNA targeting FVIT 15 1solated by preparative chromatography.

Example 15 Formation of siRNA-peptide hetero-dimer by Gly-Gly-Val-Lys bis-thexanoyl

Maleimide) Linker

[00151]  An siRNA targeting FVII mRNA with a 3 -terminal group 1s dissolved in aqueouns
acetonitrile and 1s treated with a solution of 40 equivalents of N, N, bis-(6-malemmidohexanoyl}
glycine-glycine-valine-lysine in acetontrile. The muxture 18 stirred at room temperature for 3 hrs
and then lvophilized. The residue 15 suspended in aqueous triecthyl ammonium bicarbonate
buffer, insoluble material 18 removed by centrifugation, and the N, N, bis-{6-maleimidohexanoyl)
glycine-glycine-valine-lysine linker mono-substituted with siRNA targeting FVII is isolated by
preparative chromatography.

{00152] The transduction domain of HIV-1TAT protein (YGRKKRRQRRR} is prepared

by solid phase synthesis with a N-terminal amino function and a C-terminal cysteine residue.
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After purification the end product s dissolved in agueous dimethyformamide (DMF) and added
to a solution in DMY of the mono-substituted N, N, bis-(6~-maleimidochexanoyi} glycine-glycine-
valine-tysine linker prepared above.

{00153] The mixture is stirred at room temperature overnight and then evaporated to
dryness. The desired siRNA: N, N, bis-(6-maleimidohexanoyl} glycine-glycine-valine-lysine:

peptide heterodimer is 1solated by preparative chromatography.

Example 16: Formation of a Trivalent Linker

{00154] N, N, bis-{(6-maleimidchexanoyl} glycine-lysine (MGKM]) prepared in Example 1
1s dissolved 1n aguecus acetonitrile and added to a 40-fold deficiency of 1-thioglycerol in the
same solvent. After 2 hrs the desired mono-thiolglycerol derivative of MGKM 15 isolated by

chromatography.
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CLAIMS:

1. A homo-bivalent linker compound comprising identical functional groups at either end,

wheremn said functional groups are jomned by a inking group comprising at least one amide bond.

~

2. The homo-bivalent linker compound of claim 1, wherein the at least one amide bond s a

eupeptide bond.

3. The homo-bivalent linker cornpound of claim 1, wherem the at least one amide bond 15 an

1sopeptide bond.

4, The homo-bivalent linker compound of clawm 1, wherein the at least one amide bond 1s

formed from the joining of two amino acids.

5. The homo-bivalent linker compound of claim 4, wherein each of the amino acids 1s

mdependently naturally occuring or non-naturally occuring,

6. The homo-bivalent linker compound of claim 4, wherein each of the amino acids 1s

mdependently an alpha, beta, garoma, or delta amino acid,

~

7. The homo-bivalent inker compound of claim 4, wheremn at least one of the amino acids 1s

an alpha amino acid; or wherein each of the amino acids is an alpha amino acid.

8. The homo-bivalent linker compound of claim 4, wherein at least one of the amino acids is

a proteogenic amino acid; or wherein each of the amino acids is a proteogenic amino acid.

9. The homo-bivalent linker compound of any of claims 1 to 8, wherein the identical

functional groups are maleimide, azide, alkyne, activated carboxy! or amine.

10. The homo-bivalent linker compound of any of claims 1 to 9, wherein the compound
comprises Structure 1:
(X < mmm > O Lo > =X} {Structure 1)
wherein,
{X) 1s a function group;

each <---> s independently a spacer group, which may be present or absent; and
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3 15 a inking groep comprising at least one amide bond.

11. The homo-bivalent linker compound of claim 10, wherein X 15 a maleimide, azide, alkyne,

activated carboxyl or amine.

12. The homo-bivalent linker compound of claim 10 or 11, wherein each spacer group <o-e>

that s present in the compound s, mdependently, alkyi, alkoxy, cyclyl, heterocyelyl, aryl,

hetercaryl, or substituted versions thereof.

13. The homo-bivalent linker compound of claim 12, wherein each spacer group < -~--> that
O

is present in the compound is, independently, Ciip alkyl, Cilio alkoxy, 5-10 membered aryl, 5-10
membered hetercaryl, 5-10 membered heterocyclyl, (Ciqe alkyD-(5-10 membered aryl), (Crao

alkvD}-(5-10 membered hetercaryl}, or {Ci.i0 alkyD-{5-10 membered heterocyclyl).

14 The homo-bivalent linker compound of claim 13, wherem each spacer group <---> that

15 present in the coropound 15, independently, C2 to Cs alkyl, ethylene glycol, triethylene glycol,

or 1,4-phenviene.

15. The homo-bivalent linker coropound of any of clains 10 to 14, wherein the linking group

O comprises 1, 2, 3, or more than 3 anude bonds.

16. The homo-bivalent inker compound of claim 15, wherein the linking group O comprises
1, 2, or 3 amide bonds; optionally wherein the hnking group {J comprises at least one amide bond

formed from the linkage of two amino acids.

17. The homo-bivalent linker compound of claim 16, wherein the hinking group O comprises:
{1} one amide bond formed from the linkage of two amino acids;
{1} two amide bonds formed from the linkage of three amino acids; or

{11} three amde bonds formed from the linkage of four amino acids.

18. The homo-bivalent linker compound of any of claims 10 to 17, wherein each of the amide

bonds 18, independently, a eupeptide bond or an sopeptide bond.

e
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19. The homo-bivalent linker compound of any of claims 16 to 18, wherein at least one anming

acid is Glycine.

20. The homo-bivalent inker compound of any of claims 16 to 19, wherein at least one ammno

acid is Alanine.

21 The homo-bivalent inker compound of any of claims 16 to 20, wherein at least one ammno

acid is Proline.

22, The homo-bivalent inker compound of any of claims 16 10 21, wherein at feast one amino

acid is Valine.

23, The homo-bivalent linker compound of any of claims 16 to 22, wherein at least one amino

acid is Lysine.

24, The homo-bivalent linker compound of any of claims 16 to 23, wherein at least one amino

acid is Aspartic Acid,

28, The homo-bivalent linker compound of any of claims 16 to 24, wherein at least one amino

actd 1s Curulline.

20 The homo-bivalent linker compound of any of claims 16 to 25, wherein at least one amino

acid is Beta-alanine.

27 The homo-bivalent linker compound of any of claims 10 to 26, wherein the linking group

O comprises Structure 2
R-Aa-Bp-Ce-Dy-R Structure 2

wheretn:
Ris H, oris absent;
R'is OH, or is absent;
each of a, b, ¢, and d 13 independently 0 or 1, with the proviso that thesum ofa +b + ¢+ dis
greater than or equal to 2; and

each of A, B, C and D independently comprises Structure 3:
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[NAD-(CHOD o CHAE ) CH@ R ) -(CHBE),-CO-F ] (Structure 3)

wherein:
each of w, x, v, and z are independently O or 1, with the proviso that thesum of w+x +y

+ z 1s greater than or equal to 1;
each & is independently H, Ha, alkyl, alkoxy, alkyl carboxy, alkyl carboxamide, alkyl
amino, alkyi sulfate, arvl, aryl carboxy, arvl carboxamide, aryl amino, ary! sulfate, or
is absent;
each of &, &, &, &, and & 1s independently present or absent, and if present
designates a terminus of a cyclic group as follows:
£ designates the N in NAS as a terminus;
& designates the C in (CHO )y as a terminus;
& designates the C in (CH®E). as a terminus;
& designates the C in (CH@ )y as a terminus; and
& designates the C in (CH®ES), as a terminus;

with the proviso that each Structure 3 independently contains zero, one or two cyclic

groups, the termint of each cyclic group being selected from:

&% as a first terminus and &, &, &, or & as a second terminus;
&> as a first termunus and &5, &, or &5 as a second terminus;

IAY o . Al IAY .

&2 as a first terminus and & or €55 as a second terminus; or

A ~ . A .

&85 as a first terminus and ¢85 as a second terminus;

with the further provise that:

if ¢ is present, then ® is absent;
if & 1s present, then (B is absent;

if & is present, then @ is absent;

3
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if & is present, then & is absent;

each cyclic group that is present 1n Structure 3 further comprises, in addition to its
respective termind, a middle section between the termuni, Y; and each ¥ 1s
mdependently alkyl, alkoxy, alkyl carboxy, alkyl carboxamude, alkyl amino, or alkvl

sulfate;

each of ©, @, @, and ® are independently present or absent, and if present are H, OH,
alkyl, alkyl carboxy, alkyl carboxamide, alkyl amino, alkoxy, thioalkyl,
alkylthioalkyt, aryl, or hetercaryl;
each of ©, @, @, and ® are, where present, optionally bonded to a functional end group
X, with or without an intervening spacer group ---;
each ¥ 1s independently OH, alkvl, alkoxy, alkyl carboxy, alkvl carboxamide, alkyl
amino, alkyl sulfate, aryl, arvi carboxy, aryl carboxamude, arvl aming, aryl sulfate, or
ts absent;
with the proviso that homo-bivalent linker compound contains a total of only two functional end
groups X, i keeping with the compound being a homo-bivalent linker compound; and
Structure 2 optionally comprises at least one amide bond that is optionally formed from the linkage

of two aming acids.

28 The homo-bivalent hinker compound of claim 27, wherein X is maleimide, azide, alkyne,

activated carboxyl or anine.

29. The homo-bivalent linker compound of claim 27 or 28, wherein each spacer groap --- is,

mdependently, alkyl, alkoxy, cyclyl, heterocyclyl, arvl, heteroaryi, or substituted versions thersof

30. The homo-bivalent linker compound of claim 29, wherein each spacer group --- g,
mdependently, Crae alkyl, Cryo alkoxy, 5-10 membered aryl, 5-10 membered hetercaryl, S-10
membered heterocyelyl, (Crao alkyD-{5-10 membered aryl), (Cio alkyD-(5-10 membered

heteroaryly, or (Ciao alkyD-{5-10 membered heterocyclyi).

31 The homo-bivalent linker compound of claim 30, whersin each spacer group --- 1,

mdependently, Cz to Cs alkyl, ethylene glycol, triethylene glycol, or 1,4-phenylene.
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32. The homo-bivalent linker compound of any of claims 27 to 31, wherein at least one amide

bond 1s a eupeptide bond.

33 The homo-bivalent inker compound of any of ¢claims 27 to 31, wherein at feast one amide

bond 1s an 1sopeptide bond.

34, The homo-bivalent inker compound of any of ¢claims 27 to 33, wherein at feast one amide

bond is formed from the joining of two aming acids.

35, The homo-bivalent linker compound of claim 34, wherein each of the amuno acids 18

mdependently naturally occurring or non-naturally occurring.

36. The homo-bivalent linker compound of claim 34, wherein each of the amino acids 1

mdependently an alpha, beta, gamma, or delta amino acid.

37. The homo-bivalent Hoker cornpound of claim 34, wherein at least one of the amno acids

15 an alpha amino acid; or wheren each of the aming acids 18 an alpha amino acid.

38, The homo-bivalent hoker cornpound of clairm 34, wherein at least one of the amno acids

15 a protecgenic amino acid; or wheremn each of the anmino acids 1s a protesgentc amino acid.

=
I

39, The homo-bivalent linker compound of claim 27, wherein the compound comprises a
eupeptide bond formed by the joining of Giycine to Glycine, wherein:

with respect to Structure 2
each of the spacer groups <---> are present;

R and R' are absent;
aand bare 1;
¢and dare 0
with respect to element A, Structure 3.
wis 1]
%, y, and z are O;

A s H,

€ s H;
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& and & are absent; and
¥ 1s absent;
with respect to element B, Structure 3
wis |
X, v, and z are §;
& isH;
© s H;
& and & are absent; and
¥ is absent;
with the result that the homo-bivalent linker compound comprises Structure 4:
Kowee NHACH }-CO-NH-(CH 3-CO---X (Structure 4).
40. The homo-bivalent linker compound of claim 27, wherein the compound comprises a
eupeptide bond formed by the joining of Glycine to Alanine, wherein:
with respect to Structure 2:
each of the spacer groups <---> are present R and R are absent;
aand bare {;
cand d ars G;
with respect to element A, Structure 3
wis b
x, y, and z are §;
A s H
© s H

& and 2 are absent; and

¥ is absent;

with respect to element B, Stracture 3:

wis 1
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%, y, and z are O;
A s H,
© 15 methyl;
& and & are absent; and
¥ is absent;
with the result that the homo-bivalent linker compound comprises Structure 5;
Ko NH-(CH-CO-NH-{CHMethyH-CO-mmmX {Structure S).
41, The homo-bivalent linker compound of claim 27, wherein the compound comprises a

eupeptide bond formed by the joining of Glycine to Proline, wherein:

with respect to Structure 2
each of the spacer groups <---> are present R and R' are absent;
aandbare 1;
cand dare 0;
with respect to element A, Structure 3:
wis 1;
x, vy, and z are §;
A s H;
©isH
& and & are absent; and
¥ 1s absent;
with respect to element B, Structure 3;
wis i;
x,y, and z are §;
A s absent;
& and & are present;

Y 1s propyl and the eyclic group is pyrrolidine; and
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©, G, and F are absent;

with the result that the homo-bivalent linker compound comprises Structure 6:

¥ NH-{CH OG- NHOHP OO X
{Struchure 6).

42, The homo-bivalent linker compound of claim 27, wherein the compound comprises a
eupeptide bond formed by the joining of Glycine to Valine, wherein:
with respect to Structure 2

each of the spacer groups < ---> are present R and R’ are absent;
aand bare 1;
canddareQ;
with respect to element A, Structure 3:
wis i
X, v, and z are ;
&isH;
© 15 H;
& and & are absent; and
¥ 15 absent;
with respect to element B, Structure 3:
wis 1;
x, y, and z are §;
A s H;
© is sopropyl;
& and & are absent; and
¥ 15 absent;

with the result that the homo-bivalent linker compound comprises Structure 7.
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Koo NH-{ CH 2 }-CO-NH-{CH-150propy}-CO----X {Structure 7).

43, The homo-bivalent linker compound of claim 27, wherein the compound comprises a
supeptide bond formed by the joining of Glycine to Lysine, whereny:
with respect to Structure 2:
each of the spacer groups <---> are present R and R are absent;
aand bare |;
cand d ars G;
with respect to element A, Structure 3¢
wis b
%, y, and z are §;
A s H;
€15 H;
& and & are absent; and
¥ s absent;
with respect to element B, Stracture 3:
wis 1
%, y, and z are
A s H;
€ 1s butylamino;
& and & are absent; and
¥ is absent;

with the vesult that the homo-bivalent linker compound comprises Structure 8
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R NH-CH, FCO-NHACHI-C 0K
{Structure 8).

44 The homo-bivalent linker compound of claim 27, wherein the compound comprises a
eupeptide bond formed by the joining of Glycine to Lysine, wherein:
with respect to Structure 2:
each of the spacer groups <---> are present R and R’ are absent;
aand bare 1;
cand dare (;
with respect to element A, Structure 3:
wis 1
%, y, and z are 0;
A s H;
©isH

A FAY
&5 and ¢ are absent; and

¥ is absent;
with respect to element B, Structure 3
wis i
X, y, and zare §;
& s H;
€ 1s butylamino bonded to an X

AT A%
&5 and &2 are absent; and

¥ 15 OH
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with the result that the bivalent linker compound comprises Structure 9

N X

Ko N HA{CH O O-NH-{CHICO-OH
{Structure 9).

48, The home-bivalent inker compound of any of claim 27, wherein the compound comprises
a eupeptide bond formed by the joining of Glycine to Aspartic Acid, wherein:
with respect to Structure 2
each of the spacer groups <---> are present R and R’ are absent;
aandbare 1;
cand dare 0;
with respect to element A, Structure 3:
wis 1;
X, v, and z are 0;
A s H;
L H

TAY LAY
&5 and £25 are absent; and

¥ 15 absent;
with respect to element B, Structure 3;
wis |;
x,y, and z are G,
A s
& 13 acetate;

& and & are absent; and

PN
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¥ is absent;

with the result that the homo-bivalent linker compound comprises Structure 10

COH

Moo N HA{CH - CO-NHA{ CHECO--X

{Structure 10).

46, The homo-bivalent linker compound of claim 27, wherein the compound comprises a
eupeptide bond and an isopeptide bond formed by the joining of Glycine, Aspartic Acid, and
Lysine, wherein:

with respect to Structure 2
each of the spacer groups <---> are present R and R' are absent;

a, b,andcarel;
dis O
with respect to element A, Structure 3.
wis 1]
%, y, and z are O;
A s H
€isH
& and & are absent; and
¥ i3 absent;
with respect to element B, Structure 3
wis i
X, v, and z are §;
& s H;
© is acetyl;

Ay Al
&5 and & are absent; and
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¥ is O
with respect to element €, Structure 3:
wis 1;
x, vy, and zare
& isH;
© 1s butylamino bonded o an X
& and & are absent; and
¥ s OH;
with the result that the homo-bivalent linker compound comprises Structure 11:

X

)

€O-NH{CH}-CO-OH

R RH-{CH - CO-NH-CHI-CO-O1
{Structure 11},
47 The homo-bivalent linker compound of claim 27, wherein the compound comprises a
eupeptide bond formed by the joining of Glycine to Beta-Alanine, wherein:

with respect to Structure 2:
each of the spacer groups <---> are present R and R' are absent;

aand bare 1;
canddare
with respect to element A, Stracture 3:
wis 1
X, y, and z are {;

& s H

PN
~3
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©is H;
& and & are absent; and
¥ is absent;

with respect to element B, Structure 3
wis 1
xisl;
y and z are ;
& is H:
€ 15 H;
®Fis H;

&, &, and & are absent; and
¥ is absent;
with the result that the homo-bivalent linker compound comprises Structure 12:
Kemn NHA(CH)-CO-NH-(CH 2 }-{CH2)}-CO----X {Structure 12).
48, The homo-bivalent linker compound of claim 27, wherein the compound comprises a

eupeptide bond formed by the joining of Valine to Citrulline, wherein:

with respect to Structure 2
each of the spacer groups <---> are present R and R’ are absent;

aand bare 1;
canddare O
with respect to element A, Structure 3.
wis 1
%, y, and z are O,
A s H;
€ is isopropyl;

A FAY
&5 and ¢ are absent; and

43
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¥ is absent;
with respect to element B, Structure 3:
wis 1;
x, vy, and zare
& isH;
© 1s propylcarbamoylamino,;
& and & are absent; and
¥ 15 absent;

with the result that the homo-bivalent linker compound comprises Structure 13:

NH.COMNH,

K- NH-CHIPT}-CO-NH-{CR}-C O
{Structare 13).

49, The homo-bivalent linker compound of claim 27, wherein the compound comprises a

eupeptide bond formed by joning Lysine to Lysive, wherein:

with respect to Structure 2
each of the spacer groups <---> are present R is H;

R is OH;
aand bare 1;
¢and d are 0;
with respect to element A, Structure 3:
wis 1]

%, v, and zare O;

49
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A s H;
@ 1s butylamino bonded to an X
& and & are absent; and

¥ is absent;

with respect to element B, Structure 3:
wis 1;
%, y, and z are §;

A s H;

€ 15 butylamine bonded to an X

& and & are absent; and
¥ 15 absent;

with the result that the bivalent linker compound comprises Stracture 14

NH-—X  NH-—X

H-NH-EOHFCO-NH-{CHCO-OH
(Structure 14},

50. A branched linker compound of Siructure 15

L1 {Structare 15}
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w

wherein:
B is a trivalent moiety;
each of L1, L2 and L3 is a branch group; and
at least one of L1, L2 and L3 1s formed by the joining of B to a homo-bivalent linker
compound of any of claims 1 10 49; optionally at least two of L1, L2 and 1.3 are,
independently, formed by the joining of B to a homo-bivalent linker compound of any of
claims 1 10 49; optionally each of L1, L2 and L3 are, independently, formed by the

joining of B to a homo-bivalent linker compound of any of claims 1 to 49.

51 The linker compound of any of claims 1-50, wherein the compound is at least 75, 80, 85,

90, 95, 96, 97, 98, 99, or 100% pure.

52. The linker compound of any of claims 1-50, wherein the compound is about 85-95% pure.
§3. The inker compound of any of claims 1-50, wherein the compound 1s greater than or equal

10 75% pure; greater than or equal to 85% pure; or greater than or equal to 95% pure.

54, A multi-conjugate comprising two or more biological moieties joined together by covalent
bonds, wherein at least one covalent bond within the multi-conjugate is formed by reaction with a

finker compound of any of claims 1 to 50,

35, The multi-conjugate of claim 54, wherein each of the biological moieties is joined to

another biological moiety by a linker compound of any of claims 1 to 50.

36. The multi~-conjugate of claim 54 or 55, wherein the multi-conjugate comprises two, three,

four, five, or six hological moieties,

57. The rmoulti-conjugate of any of claims 54 to 56, wherein each biological moiety 15,
mdependently, a nucleic acid, peptide, protein, lipid, carbohydrate, carboxylic acid, vitamin,

steroid, ignin, small molecule, organometallic compound, or a derivative of any of the foregoing,

58, The multi-conjugate of any of claims 54 to 57, wherein at least two biological moieties are

oligonucleotides; optionally the at least two oligonucleotides are adjacent one another mn the multi-

(V4]
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conjugate; and optionally each of the oligonucleotides 15 15-30, 17-27, 19-26, or 20-25 nucleotides

m length.

59, The multi-conjugate of any of claims 54 to 58, wheremn at least one of the biological

moieties 15 a double-stranded RNA; optionally an siRNA, a saRNA, or a miRNA.

60. The multi-conjugate of any of claims 54 to 59, wheremn at least one of the biological

moieties 18 a single-stranded RNA, optionally an antisense oligonucleotide.

61 The multi~-conjugate of claim 59, wherein each of the biological moieties 15 a double-
stranded siRNA.
62, The multi-conjugate of any of claims 54 to 60, wherein at least one biological moiety is a

protein, a peptide, or a dervative thereof.

63, The multi-conjugate of any of claims 54 to 62, having one or more covalent bonds formed

by reaction with a homo-bivalent linker compound having maletmide functional groups, each of

o
_g. J\E\% ) /{Ej"“OH

Y
which, apon reaction, 15 independently S or Q
64, A method for synthesizing a multi-conjugate according to any of claims 54 to 63,

comprising the steps of reacting a homo-bivalent linker compound according to any of claims 1 io
50 with a first and a second biological moestty, under reaction conditions that promote the formation
of a covalent bond between the first biglogical motety and the linker compound and a covalent

bond between the second biological moiety and the hinker compound.

65. The method of claim 64, wherein the first bislogical motety and the second biological
motety are the same and the coupling of each of the biological moigties to the homo-bivalent inker

compound 15 performed simultansously.

66. The method of claim 64, wherein the first biological motety and the second biological

moiety are different and the coupling of each of the biological moieties to the homo-bivalent linker

o
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compound 1s performed sequentially under reaction conditions that substantially favor the
formation of an 1solatable intermediate comprising the homo-bivalent linker monosubstituted with

the first biological motety and substantially prevent dimerization of the first biological moiety.

67. The method of claim 66, wherein the coupling of the homo-bivalent linker compound to
the first biological moiety is carried out n a dilute sclution of the first biclogical moiety with a

stoichiometric excess of the homo-bivalent Hinker compound.

63. The method of claim 67, wherein the coupling of the homo-bivalent linker compound to
the first biclogical moiety 1s carried out with a molar excess of the homo-bivalent linker compound

of at least abowt 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 100,

69. The method of claim 67, wherem the coupling of the homo-bivalent finker compound to
the first biological motety is carried out with a molar excess of the homo-bivalent linker compound

of about §, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 100.

70. The method of any of claims 66 to 69, wherein the coupling of the homo-bivalent linker
compound to the first biological moiety is carried oot in a solution comprising water and a water

miseible organic co-solvent.

71. The method of claim 70, wherein the water nmiscible organic co-solvent comprises DMF,

NMP, DMSQ, alcohol, or acetominile.

72, The method of claim 70 or 71, wherein the water miscible organic co-solvent comprises

abowt 10, 15, 20, 25, 30, 40, or S0 % (v/v} of the solution.

73. The method of any of claims 70 to 72, wherem the couphing of the homo-bivalent linker

compound to the first biological moiety 1s carried out at a pH of below about 7, 6, 5, or 4.

74. The method of any of claims 70 to 72, wherem the couphing of the homo-bivalent linker

compound to the first biological moiety 1s carried out ata pH of about 7, 6, 5, or 4.

-3

5. The method of any of claims 66 to 69, wherem the couphing of the homo-bivalent linker
compound to the first biological motety 18 cammed out 1 a solution comprising an anhydrous

organic solvent.

(41
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76. The method of claim 75, wherein the anhydrous orgamc solvent comprises

dichloromethane, DMF, DMSO, THF, dioxane, pyridine, alcohol, or acetonitrile.

77. The method of any of claims 64 to 76, wherein the yield of the melti-conjugate 1s at least
75, 80, 85, 90, 95, 96, 97, 98, 99, or 100 %,
78 The method of any of claims 64 10 77, wherein the purity of the multi-conjugate is at least

75, at least 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100 %.

79 A compound comprising a homo-bivalent finker of any of claims 1 10 49 substituted on one
end by a biological moiety, wherein the other end of the homo-~bivalent linker 1s unsubstituted, and

wherein the compound is at least 75%, 80, 85, 90, 95, 96, 97, 9%, 99, or 100 % pure.

&0, The compound of claim 79, wherein the biological moeity 15 a nucleic acid, peptide,
protein, lipid, carbohydrate, carboxylic acid, vitamun, steroid, lignin, small molecule,

organometallic compound, or a derivative of any of the foregoing,

31 A pharmaceutical composition compuising the multi-conjugate of any of claims 54 10 63
82. A composition comprising the multi-conjugate of any of claims 54 to 63 for use n the

manufacture of a medicament.

&3 A method for treating a subject in need of treatment to ameliorate, cure, or prevent the
onset of a disease or disorder, the method comprising administering to the subject an effective

amount of the multi-conjugate of any of claims 54 to 63.

84. A method for modulating gene expression in a cell, # vifre or in vivo, the method
comprising delivering to the cell an effective amount of a multi-conjugate according to any of
claims 54 to 63, wherein the multi-conjugate comprises at least one biological moiety that has the

effect of modulating gene expression.

8s. The method of claim 84, wherein the at least one biclogical moiety silences or reduces
gene expression; optionally, wherein the at least one biclogical moiety 18 siIRNA, miRNA, or an

antisense oligonucleotide,

(4]
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36. The method of claim 84, wherein the at least one biological moeity activates or icreases

gene expression; optionally wherein the at least one biological moiety is saRNA.

37. A method for delivermg, i vitro or in vive, two or more biological moetties to a cell per
mternalization event, comprising administering to the cell a multi-conjugate according to any of

claims 534 to 63.

88, The method of claim 87, wherein the multi-conjugate is formulated in a lipid nanoparticle.
39, The method of claim 87, wherein the multi-conjugate 18 packaged i a viral vector.

; JUE, E &
90, The method of claim 87, wherein the multi-conjugate comprises a cell- or tissue-targeting
figand.
91. The method of any of claims 83-90, wherein the multi-conjugate comprises 3 or more

biological moieties in a predetermined stoichiometric ratio.

92. A method of treating a disease or coundition i a subject comprising the step of
adnunistering to the subject an effective amount of a pharraceutical composition comprising an
active pharmaceutical mgredient joined by a covalent bond formed by reaction with a hinker

compound of any of claims 1 to 50,
93, A homo-bivalent linker compound comprising:
{a} Xo---NH-{CHp)}-CO-NH-(CH2)-CO----X  (Structure 4);

(b} Xore-NH-(CH,)-CO-NHACHMethy)-CO-X  (Structure 3);

7

Koo NHACH}-CO-NHCH-CO——X

{c}

{Structure 6);

(d} X----NH-{TH)-CO-NH-{CH-1sopropy }-C0---X {Structure 7},

(W41
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R NH-CH, FCO-NHACHI-C 0K
{e} {Structure 8);

B

Ko NHACHCO-MR-{CHI-O-08
{H {Structure 9},

COH

K- NHA{CHCO-NRH{CHCO--X
{¢) {Structure 10};

NH-—X

<

CO-NHATHRCO-0

Ko NHACH3-CO-NRHCH-CO-OR
Gy {Structure 11},

() Koo NHACH)-CO-NHACH)-(CH)-CO---X (Structure 12);

(4
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NH.CONH,

Koo NHACHIP - CO-NH-{CHI-CO--X
() {Structure 13); or

X R-X

H-NHACHFCO-NEAH{CH-CO-08
(k) {Structure 14).
94, The method of claim 64, wherein the first and second biological moeity are each
mdependently a oucleic acid, peptide, protein, iipid, carbohydrate, carboxyhic acid, vitamin,

steroid, lignin, small molecule, organometallic compound, or a denvative of any of the foregoing,
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