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FiG. 1 to cross-link components with click chemistry, e.g., clickable triazabutadien

7 es. For example, in some embodiments, the triazabutadienes feature alkyne

Formuia A \f:\\;“f‘ 77777 ) handles attached to the imidazole portion or the aryl portion of the triazabuta-
. P N dienes, wherein the alkyne handles can link to azide handles (e.g., azide han-

! dles disposed on other components) via click chemistry. Also described are
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methods of producing said clickable triazabutadienes and methods of use of
said clickable triazabutadienes. The present invention also features methods
of cleaving said clickable triazabutadienes, e.g., for liberating the diazonium
species for further chemical reactions.
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TRIAZABUTADIENES AS CLEAVABLE CROSS-LINKERS

BACKGROUND OF THE INVENTION

[6001] Triazabuladienes can be triggered fo release a highly reactive diazonium
species in a pH-dependent way when placed in acidic conditions. Electron-rich phenyl
systems such as resorcinol or tyrosine residues can react with the diazonium
compounds to form stable azobenzene products. Alterations of these triazabutadiene
motifs allow for modification of functionality, solubility, and other molecular properiies.
For example, triazabuladienes can be maodified to liberate the diszonium species, in

some cases near a site of interest.

{6002} Inventors discovered triazabutadienes (e.g., a series of alkyne-containing
trizzabuladienes) that can be used for crossHinking a secondary component using
copper (i) catalyzed azide alkyne cycloaddition. This was surprising because the
nitrogen-rich scaffold of the triazabutadiene looks similar to a ligand for the copper (1},
and thus it was expected that these triazabutadienes would become destroyed in the
reaction with the copper (1) or would bind with the copper (1) to form an inactive complex.
However, the alkyne-containing triazabutadienes of the present invention can survive
the copper click reaction and shows no ligation with copper melal. For example, when
reacting with p-cresol or bovine serum albumin (BSA), the aryl diazonium chemistry
procesded smoothly {o give the desired products, providing a critical bridge between

Cu-click chemistry with diazonium ions.

(60031 The present invention fealures friazabutadienes as cleavable cross-linkers,
wherein the iriazabuladienes allow for cross-linking with a secondary component via
click chemistry (copper (1) catalyzed azide alkyne cycloaddition), e.g., “clickable”
friazabutadienes. In some embodiments, the clickable triazabutadienes comprise or are
finked to a first component {e.g., a proiein, a drug, a surface, eic.) and via click
chemistry said first component can be cross-linked to a second component (e.q.,

another protein, surface, efc.).

[8004] The present invention also fealures methods of producing said clickabie
triazabutadienes and methods of use of said clickable triazabutadienes. For exampls,
the compositions of the present invention may be used as biological cross-linkers and

methods of the present invention may be used for biclogical methods such as detecting
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orotein-protein  interactions, mapping drug-target interactions, discovering or
characterizing host-pathogen interactions, efc. The present invention also features
methods of cleaving said triazabutadienes, e.g., cleaving the clickable friazabutadienes
that has undergone dlick chemistry and is in the cross-linking state. In some
embodiments, cleavage of the cross-linking triazabutadiene liberates the diazonium
species; thus, the present invention also fealures methods that feature diazonium

reactions following cleavage of said linking iriazabutadienes.

SUMMARY

[60065] The present invention fealures clickable riazabutadiene according to (&)
Formula B wherein X' comprises a terminal alkyne handle; or (b) Formula C wherein
gither X’ comprises a terminal alkyne, X2 comprises a terminal alkyne handle, or both X
and X* comprise a terminal alkyne handle; wherein A = 8, O, or N; D = H, -CH=CH-
CH=E-~, halides, cyano, suifonates, alkyl chain, or trifluoromethyl; £ = H, -CH=CH-
CH=D-, halides, cyano, suifonates, alkyl chain, or triflucromethyl, and wherein y?
comprises a tri-substituted aryl group; wherein the alkyne handles are adapted to cross-
link to an azide handle of a linking component via click chemistry {e.g., copper click
chemistry). In some embodiments, the triazabutadiene comprises is linked {o a peptide,
an oligonucleotide, or a drug. In some embodiments, the linking component with the

azide handle comprises a peptide, an oligonucieotide, or a drug.

[8006] The present invention also feature a method of detecting an interaction between
a first component and a second component, said method comprising cleaving a
triazabutadiene linked to the first component via a first triazole formed from click
chemistry and fo the second component via a second trigzole formed from click
chemistry, wherein cleaving the lriszabutadiene liberales a diazonium species
whereupon the diazonium species reacts with an electron-rich phenyi system {o form a
detectable signal, said detectable signal being indicative of interaction between the first
component and the second component. In some embodimenis, the triazabutadiene is
according to Formula C, wherein both X' and X* comprised a terminal alkyne handie

prior to formation of the first triazole and second triazole via click chemistry.

(80071 The present invention also features a method of linking a functional group or
component fo a clickable triazabutadiene, said funclional group or component
comprising an azide handle, said clickable triazabutadiene being according to (a)

5
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Formula B wherein X' comprises a terminal aikyne handle; or (b) Formula C wherein
either X comprises a terminal alkyne, X? comprises a terminal alkyne handle, or both X
and X* comprise a terminal alkyne handle; wherein A = 5, G, or N; D = H, -CH=CH-
CH=E-~, halides, cyano, suifonaies, alkyl chain, or trifluoromethyl; E = H, -CH=CH-
CH=D-, halides, cyano, sulfonates, alkyl chain, or triflucromethyl, and wherein Y’
comprises a iri-substituted aryl group; said method comprising subjecting the clickable
triazabutadiene and functional group or component to copper click chemistry, wherein
copper click chemistry links the clickable triazabutadiene and funclional group or
component via formation of a triazole from the alkyne handle and the azide handle. In
some embodiments, the funclional group comprises a water solubility functional group.
in some embodiments, the component comprises a peptide, an oligonucleotide, or a

drug.

[6008] In some embodiments, the clickable triazabutadiene is according o Formula C
wherein both X' and 2 comprise a terminal alkyne handle; wherein A= 5, O, or N, b =
H, ~-CH=CH-CH=E-, halides, cyano, sulfonates, alkyl chain, or triflucromethyl; £ = H, -
CH=CH-CH=D-, halides, cyano, sulfonaies, alkyl chain, or trifluoromethyl; and wherein
Y' comprises a tri-substituted aryl group. The alkyne handle of X' is adapted to cross-
fink to an azide handle of a first linking component via click chemistry, and the alkyne
handle of X* is adapted to cross-link to an azide handle of a second component via click
chemisiry. In some embodiments, the first linking component comprises a biological
componernt and the second linking component comprises a functional group conferring
water-solubility. in some embodiments, both the first linking component and the second
linking component comprise a biclogical component. In some embodiments, the -
substituted aryl group of Y' comprises mesityl, a NHS-ester moisty, an oligonuclectide,
a peplide; a fluorescence quencher; a pro-flucrophore; an alkyne; a triazene; an
aldehyde; an amine; an aminooxy; a halogen; or a combination thereof. In some
embodiments, the biological component comprises a peptlide, an oligonuclectide, or a

drug.

(80091 In some embodiments, the clickable triazabutadiene is according fo Formula C
wherein both X' and X* comprise a terminal alkyne handle, wherein the alkyne handle of
X' is adapted to cross-link to an azide handle of a first linking component via click

chemistry, and the alkyne handle of X? is adapted to cross-link to an azide handle of a
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second component via click chemistry. In some embodiments, A= 3, 0, or N; D =H, -
CH=CH-CH=E-, halides, cyano, sulfonales, alkyl chain, or triflucromethyl; E = H, -
CH=CH-CH=D-, halides, cyano, sulfonates, alkyl chain, or trifiluoromethyl; and ¥’
comprises a lri-substituted aryl group. In some embodiments, the tri-substifuted aryl
group of Y' comprises mesityl, a NHS-ester moiety, an oligonuciectide, a peptide; a
fluorescence quencher; a pro-fluorophore; an alkyne; a friazene; an aldehyde; an amine;
an aminooxy; a halogen; or a combinalion thereof. In some embodiments, the first
linking component comprises a biological component and the second linking component
comprises a functional group conferring water-solubility. In some embodiments, the

biclogical component comprises a peptide, an oligonucleotide, or a drug.

(6818} In some embodimenis, the clickable triazabutadienes of the present invention
are according to (a) Formula B wherein X' comprises a terminal azide handle; or (b)
Formula C wherein either X' comprises a terminal azide, X? comprises a terminal azide
handle, or both X' and X2 comprise a terminal azide handle, wherein A= 5, 0, orN; D =
H, ~-CH=CH-CH=E-, halides, cyano, sulfonates, alkyl chain, or trifluoromethyl, E = H, -
CH=CH-CH=D-, halides, cyano, sulfonaies, alkyl chain, or trifluoromethyl; and wherein
Y' comprises a tri-substituted aryl group; wherein the azide handles are adapted {o

cross-link to an alkyne handle of a linking component via click chemistry.

(8811} In some embodimenis, the clickable triazabutadienes of the present invention
are according fo (a) Formula B wherein X' comprises a terminal azide handle or a
terminal alkyne handle; or (b) Formula C wherein either X' comprises a terminal azide
handle or a terminal alkyne handle, b'e comprises a terminal azide handle or a terminal
atkyne handie, or both X' and X* comprise a terminal azide handle or a terminal alkyne
handle; wherein A= 8, O, or N; D = H, -CH=CH-CH=E-, halides, cyano, sulfonates, alkyl
chain, or trifluoromethyl; &£ = H, -CH=CH-CH=D-, halides, cyano, sulfonates, alkyl chain,
or trifluoromethyl; and wherein Y' comprises a tri-substituted aryl group; wherein azide
handles are adapted to cross-link to an alkyne handle of a linking component via click
chemistry or alkyne handies are adapied to cross-link to an azide handle of a linking

component via click chemistry.

(60121 Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such

combination are not muitually inconsistent as will be apparent from the context, this

A
4
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specification, and the knowledge of one of ordinary skill in the art. Additional
advantages and aspects of the present invention are apparent in the following detailed

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

(8013} FiG. 1 shows non-limiling examples of triazabutadiene molecules.

[6014] FIG. 2A shows triazabuladiene molecules undergoing decomposition 1o
diazonium salts (and cyclic guanidine species). Note the reaction/equilibrium arrows are
not to scale.

[6015] FIG. 2B shows a iriazabutadiene molecule breaking down {(in low pH conditions)
o a diazonium species and a cyclic guanidine species.

(8816} FIG. 3A shows examples of structures of triazabutadienes adapted for click
chemistry (see Formula B and Formula C compared to Formula A).

(80177 FIG. 3B shows non-limiting examples of triazabutadienes adapted for click
chemistry, e.g., friazabutadienes comprising alkyne handles.

[6018] FIG. 4A shows synthesis of a triazabutadiene {TBD-6) comprising a terminal
alkyne handle on the imidazole portion of the iriazabutadiene. Nole in some
embodiments,n=1, n=2, n=3, n=4, eic.

(8619} FIG. 4B shows examples of azides for clickable triazabutadiene synthesis, e.g.,
synthesis of a friazabutadiene such as TBD-6 of FIG. 4A. Note in azide 9, PG stands for
protecting group.

[602¢] FiG. 4C shows synthesis of a triazabutadiene (TBD-7) comprising an alkyne
handle on the ary! portion of the iriazabutadiens.

(8021} FIG. 4D shows click chemistry with a clickable triazabuladiene (TBD-8). Note in
some embodiments, n= 1, n=2, n=3, n=4, eic.

(6022} FIG. 4k shows click chemisiry with a clickable triazabutadiene (TBD-7).

(8023} FIG. 5A shows a proposed lysine reactive iriazabuladiens that can be rapidly
modified in siiu by click chemistry.

[6024] FIG. 5B shows preliminary synthesis of an alkyne containing triazabutadiene
Compound 75.

[60257 FIG. 5C shows proposed refrosynthesis of azide-containing triazabutadiens
Compound 76 from imidazolium Compound 77.

{8026} FiG. 5D shows benzylic azide Compound 78 can be made from previously

synthesized alcohol Compound 79.
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160271 FIG. 6 shows synthesis of a fluorescent triazabutadiene.

[6028] FIG. 7A shows synthesis of a water-soluble {riazabutadiene via click chemistry.
Note in some embodiments, n= 1, n=2,n=3, n =4, elc.

(8029} FiG. 7B shows a synthelic scheme of a bis-triazole-triazabutadiene. Note in
some embodiments, n=1,n=2, n=3,n=4 slc.

[603¢] FiG. 8 shows a triazabutadiene comprising an epoxide (left) used o produce a

triazabutadiene with an alkyne group adapted for click chemistry.

DETAILED DESCRIPTION OF THE INVENTION

i, Trizzabutadiene Molecules

(8031} The present invention features Iiriazabuladiene molecules. Non-limiting
examples of formulas for triazabutadiene molecules of the present invention are of
shown in FIG. 1. For example, in some embodiments, {riazabutadienes are according to
Formula A. Examples of Formula A are shown as Formula §, I, B, and IV. The present
invention is not limited to Formula A, Formula |, Formula I, Formula L, and Formula V.
Referring to FIG. 1, in some embodiments, A = 5, O, or N. In some embodiments, D =
H, -CH=CH-CH=E-, halides, cyano, sulfonates, alkyl chain, or trifluoromethyl. In some
embodimentis, E = H, -CH=CH-CH=D-, halides, cyano, suifonaies, alkyl chain, or

trifluoromethyl.

[6032] In some embodiments, X' is a moiety conferring water solubility. in some
embodiments, Y’ is a tri-substituted aryl group. In some embadiments, the Y’ (e.g., the
tri-substituted aryl group) comprises a NHS-ester molely (e.g., for protein linkage); an
oligonuciectide; a peptide; a fluorescence quencher; a pro-flucrophore; an alkyne {e.g.,
for click chemistry);, a triazene (e.g., from click reaction); the like, or a combination
thereof. In some embodiments, Y’ comprises an aldehyde; an amine {e.g., Fmoc
protected), aminooxy, halogen (e.g., radio isolope); the like, or a combination thereof. In
some embodiments, Z' is an optionally substituted aryl. In some embodiments, Z!
comprises a NHS-ester moiety; an oligonucieotide; a peplide; a fluorescence quencher;
a pro-fluorophore; a biclogically active acid labile compound; a prodrug comprising a
phenolic functional group; releasable cargo; an alkyne {(e.g., for click chemislry); a
iriazene (e.g., from click reaction}; a polymerization residue {e.g., epoxide, polysiyrene,
alpha-beta-unsaturated ester acrylate, polyacrylamide, an amine, etc.), the like, or a

combination thereof. In some embodiments, Z° comprises an aldehyde; an amine (e.q.,

~
O
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Fmoc protected), aminooxy, halogen (e.g., radio isctope); the like, or a combination

thersof.

[8033] in some embodiments, X’ may comprise a funclional group that confers water
solubility. In some embodiments, X comprise a moiety of the formula ~RLQY wherein
R'is Ci-s alkylene, and Q' is sulfate, sulfonate, phosphate, a guaternary ammonium
cation, or an alkyl, aryl or propargylic containing moiety that can facilitate coupling to
other azides via [3+2] cycloaddition chemistry. In some embodiments, X' is a moiety of
the formula —R'-Q', wherein R is an alkane, e.g., Cys alkylene. In some embodiments,
Q' is sulfate (e.g., <{0)RSOsR?, where nis 0 or 1, and R® is C1-6 alkyl or typically H),
phosphate (8.g., ~{0),PO:R?, where nis 0 or 1, and R® is C1-6 alkyl or typically H), or a

+

quaternary ammonium cation {e.g., —[NR°R°R]", where each of R®, R", and R® is
independently H or Cqie alkyl). As used herein, the term “alky!l” refers o a saturaled
linear monovalent hydrocarbon moiety of one io twelve, typically one {o six, carbon
atoms or a saturated branched monovalent hydrocarbon moiety of three o twelve,
typically three to six, carbon atoms. Examples of alky! groups include, but are not limited
to, methyl, ethyl, n-propyl, 2-propyl, tert- butyl, pentyl, and the like. The term “alkyleneg”
refers to a saturated linear divalent hydrocarbon moiety of one to twelve, typically one {o
six, carbon atoms or a branched saturated divalent hydrocarbon moiety of three to
twelve, typically three o six, carbon atoms. Examples of alkylene groups include, but

are not limited o, methylene, ethylene, propylene, butylene, pentylene, and the like.

[8034] Triazabutadiene molecules of the present invention are readily scluble in water.
In some embodiments, the solubilily of the triazabutadiene molecules in water is at least
23 g/l of water (60 mM). In some embodiments, the triazabutadiene molecules are
stable in pH 7.4 phosphate buffer. The phosphate buffer solutions are commercially
available or  can be prepared, for  example, as  described in
htip:f/cshprotocols.cship.org/content/2006/1/pdb.rec8247. In some instances, the half-
iife of the triazabutadiene molecules of the present invention in pH 7.4 phosphate buffer

solution is at Ieast 24 hours.

[6035] Stability of the triazabutadiene molecule can be measured in various ways. In
some embodiments, stability is measured by the hali-life of the molecule {or the half-life
of the molecule in a particular buffer at a particular pH). In some embodiments, the

molecule has a half-life of at least 12 hours in a pH 7.4 buffer. In some embodiments,
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the molecule has half-life of at least 24 hours in a pH 7.4 buffer. In some embodiments,
the molecule has half-life of at least 36 hours in a pH 7.4 buffer. In some embodiments,
the triazabutadiens molecule has a half-life of at least 8 hours. In some embodiments,
the triszabutadiene molecule has g half-life of at least 10 hours. In some embodiments,
the triazabutadiene molecule has a half-life of at least 12 hours. In some embodiments,
the triazabutadiene molecule has a half-life of at least 20 hours. In some embodiments,
the triazabutadiene molecule has a haif-life of at least 24 houwrs. In some embodiments,
the friazabutadiene molecule has a half-life of al least 30 hours. In some embodiments,
the triazabutadiene molecule has a half-life of at least 36 hours. The present invention is

not limited to the aforementioned examples of stability measurements.

[8036] Without wishing to limit the present invention to any theory or mechanism, it is
believed that the triazabutadiene molecules of the present invention are advantageous
because the triazabutadiene molecules can be easily modified {e.g., various different
functional groups can be easily used as X', Y, or 2" {see FIG. 1). And, the ralease of
the diazonium species following triazabutadiene molecule breakdown (via certain
mechanisms, as described below) provides a funclional group that can be taken
advantage of in varicus applications. Also, it may be considered advantageous that the

breakdown of the triazabutadiene molecule is irreversible.

il Cleavage of Triazabutadiene Molecules

a. Water and/or Low pH

(8037} The present invention shows that triazabuladiene molecules may break down in
the presence of water 1o generate reactive aryl diazonium compounds. For example,
FIG. 2A shows that iriazabutadiene molecules of the present invention can undergo
decomposition to diazonium salls (reactive aryl diazonium compounds) and cyclic
guanidine species. Aryl diazonium compounds can react with electron-rich aryl rings
{e.g., aryl species wherein the bond of interest is a nitrogen-carbon bond,; indoles,
anilines, phencl-containing compounds such as resorcinol or tyrosine, elc.) to form
stable azobenzene linkages (e.g., an aryl azo dye, e.g., Sudan Crange). {(Note the
present invention is not limited to the aforementioned phenol-containing species. In
some embodiments, imidazole compounds (e.q., puring bases like guanine) may be
used in lieu of a phenol-containing compound.) The diazonium species may not

necessarily react with an electron-rich aryl rings compound (e.g., phenol species), for
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example if a phenol species is not presenl. The diazonium species may irreversibly
extrude nitrogen gas io generate an aryl cation, which will rapidly be quenched by
solvating water, thus synthesizing a new phenolic compound {e.g., HO-Ph, wherein Ph
refers to the phenyl ring); thus, the diazonium portion of the iriazabutadiene molecule

may function as a masked hydroxyl group.

[6038] In some embodiments, the triazabutadiene molecules are acid labile, e.g.,
unstable at particular pH levels (see FIG. ZB). For example, decreases in pH increase
the rate at which the triazabutadiene molecules break down (the half life of the molecule
decreases). In some embodiments, the friazabutadiene molecules are unstiable at low
{lowered) pH levels {e.g., lowered pH as compared to a particular pH that the molecule
may be stored at, e.g., a pH wherein the molecule has a particular desired half life). Low
pH levels, in some example, may be a sub-physiological pH (7.4 or less). In some
embodiments, the triazabutadiene molecules are (more) unstable at pH 7.0 or less, pH
6.8 or less, pH 6.5 or less, pH 6.2 or less, pH 6.0 or less, pH 5.8 or less, pH 5.6 or less,

pH 5.5 or less, pH 5.2 orless, pH 5.0 or less, elc.

160391 The ferm ‘low pH” may refer {o several different pH levels. Since the functional
groups attached to the molecule {e.g., see X', Y, Z' of Formula 1) affect the stability of
the molecule (as well as waler solubility}, the pH that is necessary {o increase the rate of
breakdown of the triazabutadiene molecule (e.g., the “lowered pH”} may be different for
different molecules. In some embodiments, the low pH is a pH of 7.4 or less. In some
embodiments, the low pH is a pH of 7.2 or less. In some embodiments, the low pH is a
pH of 7.0 or less. In some embodiments, the low pH is a pH of 6.8 or less. in some
embodiments, the low pH is a pH of 6.6 or less. In some embodiments, the low pH is a
pH of 6.6 or less. In some embodiments, the low pH is a pH of 6.6 or less. In some
embodiments, the low pH is a pH of 8.5 or less. In some embodiments, the low pH is a
pH of 6.4 or less. In some embodiments, the low pH is a pH of 6.2 or less. In some
embodiments, the low pH is a pH of 6.0 or less. In some embodiments, the low pH is a
pH of 5.8 or less. In some embodiments, the low pH is a pH of 5.5 or less. In some

embodiments, the low pH is a pH of 5.0 or less.

[6649] In some embodiments, the triazabutadiene molecules can break down without
the presence of the low pH (the molecules have half lives), however, in some

embodiments, a lowered pH enhances the reaction {e.g., increases the rate of reaction).

o
G
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As such, a low pH may or may not be used with the molecules and/or methods of the
present invention. in some embodiments, the tiazabuladiens molecule has a half-life of
no more than 1 hour in a pH 7.4 agueous solution. In some embodiments, the
triazabutadiene molecule has a hall-life of no more than 30 minules in a pH 7.4 agueous
solution. In some embodiments, the triazabutadiene molecule has a half-life of no more

than 15 minutes in a pH 7.4 agueous solution.

(86411 The present invention also features methods of breaking down iriazabutadiene
molecules. In some embodimenis, the method comprises subjecting the molecule {o
water. In some embodiments, the method comprises subjecting the molecule {o a low
pH (e.g., a low pH that is appropriate for the molecule, e.g., a lowered pH thal increases

the rate at which the triazabutadiene molecule breaks down).

(80421 In some embodiments, the reaction of the iriazabutadiene molecule o the
diazonium species occurs in water within 10 seconds minutes. In some embodimenis,
the reaction of the triazabutadiene molecule o the diazonium species occurs in water
within 30 seconds minutes. In some embodiments, the reaction of the triazabutadiens
molecule fo the diazonium species occurs in water within 1 minuie. In some
embodiments, the reaction of the triazabutadiene molecule {o the diazonium species
occurs in water within 5 minutes. In some embodiments, the reaction of the
iriazabutadiene molecule 1o the diazonium species occurs in water within 10 minutes. In
some smbodiments, the reaction of the trigzabutadiene molecule o the diazonium
species occurs in walter within 15 minutes. In some embodimenis, the reaction of the
triazabutadiene molecule o the diazonium species occurs in water within 20 minutes. In
some embodiments, the reaction of the triazabuladiens molscule o the diazonium
species occurs in water within 25 minutes. In some embodiments, the reaction of the
{friazabutadiene molecule 1o the diazonium species occurs in water within 30 minutes. In
some embodiments, the reaction of the trigzabuladiene molecule o the diazonium
species occurs in water within 45 minutes. In some embodimenis, the reaction of the

triazabutadiene molecule 1o the diazonium species occurs in water within 60 minutes.

(806431 In some embodiments, the diazonium species may be visually differentiated
from the triazabutadiene species, e.g., the diazonium species is visually distinct {e.g., a
different color) from the triazabuiadiene molecule. If applicable, in some embodiments,
the aryl azo dye may be visually differentiated from the triazabuladiene species and the

i0
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diazonium species, e.g., the aryl azo dye is visually distinct {e.g., a different color) from

the triazabutadiene species and the diazonium species.

[6044] Given the possibility that the aryl azo dye is visually distinct from the
iriszabutadiene molecule (and/or the diazonium species), the present invention also
features methods of producing a visually detectable molecule. In some embodiments,
the method comprises providing a triazabutadiene molecule according 1o the present
invention and subjecting the triazabutadiene molecule to water and/or a low pH (or light
as discussed below, or light and low pH, eic.). The low pH {or light, or light and low pH,
eic.) initiates {e.g., increases the rale of) the irreversible reaction o produce the
diazonium species and the cydlic guanidine species. As previously discussed, the
diazonium species may be visually distinct from the triazabutadiene molecule; therefore

the reaction produces a visually detectable molecule.

b. Reductive Cleavage

[8045] Other mechanisms may be used o break down triazabutadiene molecules of
the present invention. For example, in some embodiments, reducing conditions increase
the rate at which the triazabutadiene molecules break down. Thus, the present invention
also features methods of reductive cleavage of triazabutadiene molecules. For example,
iriazabutadiene molecules (e.g., iriazabutadiene scaffolds) may be readily cleaved using
reducing agents such as but not limited to sodium dithionite (sodium hydrosuliite)
{Na:5204). In some embodiments, the reducing agent comprises lithium aluminum
hydride, sodium borchydride, or the like. In some embodiments, slectrochemical
reduction may be used in accordance with the present invention. Reductive cleavage of
the friazabutadiene molecules provides a urea functionality and a terminal aryl triazene.
In some embodiments, the aryl triazene is further reduced in the presence of excess
reducing agent {e.g., scdium dithionite). In some embaodiments, the reduction can be
observed visually by the change in color of a solution. For example, there may be a

subtle change of yellows that resulls from a loss of a shoulder in UV/is spectrum.

[8046] In some embodiments, the ratio of the concentration of the triazabutadiene to
the reducing agent is about 1:1. In some embodiments, the ratio of the concentration of
the triazabutadiene to the reducing agent is about 1:2. The present invention is not
limited to the aforementioned ratios. For example, in some embodimentis, the ralio of the

concentration of the {riazabutadiene to the reducing agent is about 2:3, 4.5, elc. The



WO 2018/023130 PCT/US2017/044737

present invention is not limited to the aforementioned ratio of concentrations.

(80471 In some embodiments, the reduction can occur within about 10 minuies, within
about 15 minutes, within about 20 minutes, within about 25 min, within about 30 min,
etc., at room temperature. Without wishing to limit the present invention to any theory or
mechanism, i is believed that reductive cleavage of the triazabuladiene molecules is
advantageous because it can occur rapidly {e.g., within 10 minutes, within 15 minutes).
Also, the riazabutadiene molecules that are highly stable in acid {e.g., a p-CN derived

triazabutadiene) may still be susceplible to reducing conditions.

[6048] In some embodiments, reduclive cleavage of triazabutadiene molecules may
also be used {o cleave unreacted triazabutadienes that did not undergo diazonium
formation/reaction chemistry that is associated with a drop in pH (or other mechanism}

as described above (a sort of quench for the pH chemistry).

¢. Light-initiated Cleavage

[6049] In some embodiments, light increases the rate al which the iriazabuladiens
molecule breaks down (into the cyclic guanidine species and the diazonium species).
The present invention fealures triazabutadienes that, upon photo-iradiation, may be
rendered more basic in a reversible fashion. A protecting group of a masked base may
decompose to reveal a basic nitrogen atom upon exposure to light. Or, a basic nilrogen
atom of a molecule obscured by a steric wall may be reversibly swung away in a
photochemically-triggered manner. The present invention shows the intrinsic basicity of

a nitrogen-containing functional group may be altered by a photochemical event.

[605¢] Methods of breaking down triazabutadiene molecules may fealure subjecting
the molecule to light. The light may, for example, include wavelengths of about 400 nm.
The present invention is not limited {o wavelengths of 400 nm or about 400 nm. For
example, in some embodimenis, the wavelength is from 350 nm to 400 nm (e.g., 370
nm). In some embodiments, the wavelength is from 360 nm to 410 nm. In some
embodiments, the wavelength is from 330 nm to 420 nm. In some embodiments, the
wavelength is from 340 nm o 430 nm. In some embodiments, the method comprises

subjecting the molecule to a low pH and {o light.

[8051] As previously discussed, light-promoted reactivity and light-facilitating E / Z

isomerization has been observed. in some embodiments, a system such as a UV-LED
12
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pen may be used for these reactions, however the present invention is not limited to a
UV-LED pen and may ulilize any appropriate system. The UV-LED pens may allow for
relatively narrow bandwidth irradiation of these compounds (but are not limited to these
bandwidths). The color of the bulk material shifis as a resull of electronic perturbations
to the aryl azide starting material. These experimenis may be performed in basic
aqueocus solutions to mainiain the solvation properties of water while also preventing the
degradation pathway stemming from proionation. These experimenis are not limited {o
basic aqueous solutions. Without wishing to limit the present invention to any theory or
mechanism, it may be considered advantagecus that the breakdown of the

friazabuiadiens moleculs is irreversible.

i, Synthesis of Water-Seoluble Triazabutadiene Molecules and Experimental

Examples
[8052] Synthesis of 1-mesityl-1-H-imidazole: To a solution of 2.4 6-rimethylaniline

{1.35 g, 10.0 mmol} in methanal (15 mL) kwvas added a solution of giyoxal (40%) (1.14
mL, 40% in water, 10. mmol). The mixiure was stirred al room lemperature until a solid
formed. Thereafter, solid ammonium chloride (1.07 g, 20 mmol), formaldehyde (37%)
(1.6 mL 37% in water, 60. mmol) and methano! (40 ml) were added, and the mixture
was heated to reflux for one hour. After the hour, phosphoric acid (1.4 mi of an 85%
solution) was added drop wise and the mixiure was refluxed for an additional eight
hours. Upon cooling to room temperature ice (30 g) was added and the solution was
brought {o a pH of 9 with potassium hydroxide {40% in water). The following mixiure
was exiracted repeatedly with diethvi ether. The ether phase was dried over magnesium
sulfate and solvent removed in vacuo to form a brown solid which was filtered and
washed with hexanes {o give the product (0.785 g; 42%). 1H NMR (500 MHz, CDCI3). &
7454, J=11Hz, 1H),7.25 (4, J= 1.1 Hz, 1H), 6.98 (dp, J= 1.3, 0.7 Hz, 2H),6.81 (1, J
= 1.3 Hz, 1H), 236 (, J = 0.7 Hz, 3H), 2.01 ({, J = 0.6 Hz, 6H). 13C NMR (126 MHz,
CDCI3) 8 138.80, 137.47, 135.42, 133.40, 129.55, 128.96, 120.02, 21.03, 17.33. (see
Liu, J. et al. Synthesis 2003, 17, 2661-2666).

(6033} Synthesis of 3-(1-mesityl-1H-imidazol-3-ium-3-yl} propane-i-sulfionate: To a
solution of 1-mesityl-1-H-imidazole (1.00 g, 5.36 mmol} in toluene (30 mL) was added
1.3-propanesultone (1.00 g, 8.18 mmol) and the mixiure was heated {o reflux overnight.

The mixiure was allowed {0 cool {o room temperature and the off-white precipitate
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collected by filtration. The precipitate was further washed with diethyl ether and dried
using a vacuum oven to yield a solid {1.40 g; 84%). 1H NMR (500 MHz, D20} § 8.92 (1,
J= 18 Hz, 1H), 7.75 (, J= 18 Hz, 1H), 7.49 (1, J = 1.8 Hz, 1H), 7.06 (g, J = 0.8 Hz,
2H), 4.44 (1, J = 7.1 Hz, 2H), 2.30 — 2.31 {m, 2H), 2.25 (s, 3H), 1.96 (s, 6H). 13C NMR
{126 MHz, D20) 8 141.42, 136.54, 134.64, 130.74, 124.34, 123.00, 48.18, 4717, 25.03,
2017, 16.28.

[6034] Synthesis of Potassium 3-(3-maesityl-2-(phenyliriaz-2-en-1-ylidene}-2, 3-dihydro-
1H-imidazol-1-yl) propane-1-sulfonate: To a slurry of 3-(1-mesiiyl-1H-imidazol-3-ium-3-
vhpropane-1-sulfonate (80 mg, 0.16 mmol) in dry THF (6 mL), was added a solution of
phenyi azide in THF {(C.16 mL, 1 M, 0.16 mmol}. To the solution was added KO-£-Bu (24
mg, 0.21 mmol) in one portion and the resulting mixture was stirred under argon for 4
hours. Hexanes (1 mlL) was then added and the reaction mixiure was fillered. The
solvent was removed and the residue taken up in a minimal amount of DCM and on
trituration with hexanes, pure product was obtained by filtration as a yellow powder {61
mg, 81%). 1H NMR (500 MHz, DMSO-d8) § 7.32 (d, J = 2.4 Hz, 1H), 7.07 - 7.02 (m,
4H), 6.99 - 6.84 (m, 1H), 6.84 (d, J = 2.4 Hz, 1H), 6.51 - 6.47 (m, 2H), 4.09 (4, /= 7.1
Hz, 2H}, 2.34 (s, 3H), 2.12 - 2.04 {m, 2H), 1.95 (s, 6H). 13C NMR (126 MHz, DMS0-d8)
& 152.19, 151.13, 137.84, 136.15, 134.31, 129.31, 128.60, 125.26, 120.80, 117.61,
117.24, 48.52, 45.05, 25.80, 21.06, 17.95. Using the procedures described herein, the
p-methoxy and p-nitro analogs (from the p-MeQ aryl azide and p-NO2 aryl azide) were

also prepared.

(806551 For decomposition experiments, buffers were made {o the appropriate pH in a
9:1 mix of H20:D20. These solutions were added to the compound being assayed such
that the buffer capacily was at least 10 fold the concentration of the compound. Some
experimenis used 5 mg compound in 0.5 mbL of buffer. These were immediately inserted
into an NMR instrument and scans were taken at even time intervals o calculate the

half-life of the compound based on integration.

[8056] As another non-limiting example, an azide (e.g., NHS-azide) to N-helerocyclic

carbene (NHC) route may be used o synthesize triazabutadiene molecules.

V. Applications and Methods of Use of Triazabutadienes

(80571 The triazabutadiene molecules of the present invention may be ulilized for a

44
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variety of purposes. For example, in some embodiments, the triazabuladiene molecules
of the present invention are ulilized for a cleavable linkage (e.g., chemoselectively-
cleavable linkage) for use in biological/complex setlings where rapid, clean cleavage is
of interest. In some embodiments, the triazabutadiene molecules are used for systems
including but not limited {o drug delivery systems, protein-protein interaction systems,
pH environment detection systems, efc. Applications of these triazabutadienes may fall

under one {or more) categories of reactivity.

a. Diazonium Coupling Applications and Triazabutadiene Probes

[6058] Regarding diazonium coupling, the triazabuladiene molecules may be used for
applications involving pH-dependent protein coupling. General exampies involve
methods for detecting protein-profein proximity or profein-profein interactions (in a
sample). In some embodiments, the method comprises providing a first protein, wherein
the first protein is conjugated with a triazabutadiene molecule according to the present
invention. The first protein may be intreduced {0 a sampie. In some embodiments, the
triazabutadiene molecule encouniers a low pH in the sample; in some embodiments,
acid is added to the sample to lower the pH appropriately. As previously discussed, in
the low pH environment, the triazabutadiene molecule undergoes the irreversible
reaction yielding the diazonium species and the cyclic guanidine species. As previously
discussed, the diazonium species is adapted to react with a phenol group; thus if there
is a nearby protein with a tyrosine residue, the diazonium species may react with it
yielding an azobenzene product (often colored, for example the dye, Sudan Orange G is
an azobenzene conlaining dye) that is visually distinct from the triazabutadiene
molecule and the diazonium species. As such, detection of the azo dye may be
indicative of proximity or interaction of the first protein and the second protein. Thus, in
some embodiments, the method comprises adding a second protein to the sample,
wherein a tyrosine of the second prolein may react with the diazonium species. In some
embodiments, the second prolein is already in the sample. In some embodiments, a
tyrosine or phenol species conjugated fo the second protein. In some embodiments, the
method comprises introducing to the sample a first antibody specific for a first protein,
wherein the first antibody is conjugated with a triazabutadiene molecule according to the
present invention. In some embodiments, the method comprises infroducing to the
sample a second antibody specific for a second protein. In some embodiments, the
second antibody comprises a tyrosine. In some embodiments, the second antibody is

15
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conjugated with a phenol species. In some embodiments, the method comprises
introducing an acid o the sample to appropriately lower the pH of the sample. As
previously discussed, in the low pH environmeni, the triazabutadiene molecule
undergoes the irreversible reaction yielding the diazonium species and the cydlic
guanidine species. As previously discussed, the diazonium species is adapled {o react
with a phenol group; thus if the phenol species is nearby, the diazonium species may
react with it yielding an azo dye that is visually distinct from the triazabutadiene
molecule and the diazonium species. As such, detection of the azo dye may be

indicative of proximity or interaction of the first protein and the second protein.

(806591 As a more specific example, the acid-labile reactivily of triazabutadienes may be
used to assist in work deducing interaction pariners between a virus and endosomally
localized host proteins. Upon endosomal acidification a viral-bound diazonium species
may be unmasked and this may go on to react with Tyr-containing proteins that are
associating with the virus. it is possible that this system could be used to detect or trap
an interaction that is relevant at a key point of viral entry, e.q., the fusion of membranes.
Herein are non-limiting examples of synthesis of compounds that may be used in such
systems, e.g., for modifying the viral surface. Lysine-reactive probes may be used {o
modify the surface of proteins. As previcusly discussed, a triazabutadiene molecule may
be attached to a viral protein (e.g., a purified viral protein). Then, a sysiem such as a cell
fine (e.g., mosquito cell ling, human cell line, or even mosquitos themselves) may be
infected with the viral protein. The infected system can be {reated appropriately. The azo
dye {(e.g., Sudan Orange) may “label” any proteins that interact with or are nearby the
viral protein (in the low pH environment). The present invention is not limited {o this
example. Lys-NHS conjugation chemistry may work well on the basic side of neutral,

which may be beneficial for pH sensitive probes.

[8068] As previously discussed, the present invention features triazabutadienes that
function as cross-linkers, e.g., cleavable cross-linkers. In some embodiments, the
triazabutadiene cross-linkers allow for linking components via click chemistry, e.g., via
copper-catalyzed azide-alkyne cycloadditions. For example, if a clickable handle (e.g., a
terminal alkyne handle} is disposed on the friazabutadiene, it can be used {o undergo
1.3-dipolar cycloaddition with an azide handle on a different component {e.g., to vield a

1.4-disubstituted triazole).
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{6061} The use of lriazabuladienes and click chemistry allows for the linking of 2 wide
range of compounds for either chemical or biological applications. Note that in general,
in order for the azide-alkyne cycloaddition to occur, it must be activated with a Cu(l)
source. In some embodiments, the Cu(l) initialor can come from copper-halide reagents
or Cu(ll}) sources that are reduced in sifu. Culll) saits such as CuSO0,; allow click
chemisiry {o proceed in aqueous conditions with mild reducing agenis such as sodium
ascorbate. Cull) halide salis generally require a base/ligand {0 coordinate the metal
insertion and prevent oxidation. Without wishing to limit the present invention to any
theory or mechanism, it is believed that copper click chemistry is versatile as it can be
performed in a wide range of conditions. This may allow for tunability when it comes {o

finding the appropriate conditions for iriazabutadiene funclionalization.

[B062] Note thal in some embodiments, the alkyne handle is disposed on the
triazabutadiene and said alkyne handle can react with an azide handle on a different
componert. The present invention is not limited o the alkyne handle being deposed on
the triazabutadiene. In some embodiments, the azide handie is disposed on the
triazabutadiene and said azide handie can react with an alkyne handle on a different
component. in some embodiments, both an alkyne handle and an azide handle is linked

{0 the trigzabutadiene.

(8863} FIG. 3A shows non-limiting examples of structures of triazabutadienes adapted
for click chemistry, e.g., Formula B and Formuia C. In some embodiments, X' comprises
an alkyne handle. In some embodiments, X2 comprises an alkyne handle. In some
embodiments, X' comprises an azide handle. In some embodiments, X2 comprises an
azide handle. In some embodimenis, the clickable triazabutadiene is according o
Formula B, whersin X’ comprises a terminal alkyne handle. In scme embodiments, the
triazabutadiene is according to Formula C wherein X' comprises a terminal alkyne. In
some embodiments, the triazabutadiene is according to Formula C wherein b
comprises a terminal alkyne handle. In some embodiments, the triazabutadiene is
according to Formula C wherein both X' and X* comprise a terminal alkyne handle. In
some embodimenis, A =5, O, or N; D = H, -CH=CH-CH=E-, halides, cyano, sulfonates,
alkyl chain, or trifluoromethyl. In some embodiments, E = H, ~-CH=CH-CH=D-, halides,
cyanc, sulfonates, alkyl chain, or triflucromethyl. Note in some embodiments, the X" and

4 may be switched. For example, in some embodiments, A is sulfur, and the alkyne is
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branched off of the other nitrogen.

(60641 As previously discussed, in some embodiments, the triazabuladiene comprises
an alkyne handle. FIG. 3B shows TBD-6 and TBD-7, two non-limiting examples of
iriszabutadienes with alkyne handles. In some embodiments, the alkyne handle is linked
to the imidazole portion of the triazabuladiene (TBD-6). In some embodiments the, the
alkyne handle is linked to the aryl portion of the triazabutadiene (TBD-7). Note in some
embodiments, the alkyne handle comprises a protection group (TBD-6 comprises a
protection group). In some embodiments, the profection group comprises
chlorotripropylsilane (TPS); however, the protection group is not limited to TPS. For
example, in some embodiments, the protection group comprises chiorotrimethylsilane
{TMS-CI), chiorotriethylsilane (TES-CI), eic.

[8065] The synthesis of TBD-6 (from FIG. 3B) was performed as shown in FIG. 4A
beginning with silylation of propargy! bromide {Compound 13). (Protection of the altkyne
was necessary due fo the similar pK; values of an alkyne (pK, = 25) and the proton on a
NHC-sall {(pK, = 21-24)). Propargy! bromide {Compound 13) was freated with n-
butylithium (n-Bulli) to deprotonate the terminal alkyne to render it nucleophillicso it
would react with Chiorotripropyisilane (TRPS-Cl) vielding the silvl-protected alkyne
{Compound 14). The crude of Compound 14 was only partially purified by flash column
chromatography, and was taken to reflux with N-mesitylimidazole in acetonitrile for 2
days to produce the imidazolium sall Compound 15, The coupling of Compound 15 and
phenyl azide Compound 8 ook place in dry THF. KOBu was added {o generate the
NHC io react with the azide and form Compound 6 in moderate yield. This reaction was
very moisture sensitive and acquiring best yield in dry conditions. The present invention
is not limited to phenyl azide (Compound 8 of FIG. 4A and FIG. 4B). In some
embodiments, synthesis of clickable triazabutadienes features allernative azide
compounds such as Compound 8' (e.g., Compound) {see FIG. 4B). Note that the
methods of using a clickable iriazabuladiene according {o TBD-6 for click chemistry
comprises removing of the protection group (e.g., deprotecting the silyl group). In some
embodiments, the use of a compound such as but not limited to tetra-n-butylammonium
fluoride {TBAF) in the reaction may allow for deprotecting the silyl group to allow a dlick

reaction {o proceed.
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60661 The synthesis of TBD-7 (from FIG. 3B) was performed as shown in FIG. 4C.
Bis-mesitylimidazolium chioride salt Compound 16 was deprotonated with sodium
hydride {(NaH) to generate the reactive NHC species in the presence of p-azido-
methylbenzoate Compound 9 to form Compound 17. The K-sall infermediate of
Compound 7 underwent 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) coupling
with hydroxybenzothiazole (HOBt) in order to form a reactive HOBI ester intermediate.
This rendered the carbonyl group highly electrophilic for a nucleophilic attack by
propargyl amine to produce the amide bond and the triazabutadiene Compound 7 with a

terminal alkyne for click chemisiry.

[8067] FIG. 4D shows click chemistry using a clickable triazabutadiene comprising an
alkyne handle (TBD-6). Table 1 below shows examples of R groups aitached to the
azide handle that is clicked o the clickable triazabutadiene. The iriazabutadiene 6,

organic azide, Cul, and PMEDTA were in a solution of tetrahydrofuran (THF).

[8068] Table 1. Synthesis of imidazolium-substituted triazole-triazabutadiene

Entry Feroghaot Thewe (el Yiehd %8
1% 3 3%
2 ~ g 2 %

[8069] FIG. 4E shows click chemislry using a clickable triazabutadiene comprising an
alkyne handle (TBD-7). Triazabutadiene Compound 7 (TBD-7) was subjecied to similar
conditions using the same azides (Table 2 below) with a minor alteration. Due {o the
installation of the alkyne handle after triazabutadiene synthesis, a protection step was

unnecessary. The Cu-click reaction proceeded with moderate vields.

[6070] Table 2. Synthesis of aryl-substituted triazole-triazabutadiene

Eutry R Product Time fhed Yiebd 243

FE 4 A

a
3
3

Kaly
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(60711 The present invention also features methods of cleaving said triazabutadienes,
e.g., cleaving the clickable triazabutadienes that has undergone click chemistry and is in
the cross-linking state, e.g., compounds such as the products of the reactions in FIG. 4D
and FIG. 4E. In some embodiments, cleavage of the cross-linking triazabuladiene
liberates the diazonium species; thus, the present invention also features methods that

feature diazonium reactions following cleavage of said linking triazabutadienes.

(86721 To assess the role of charges and periurbations that the probes have on
proteins alkyne-containing triazabutadiene Compound 74 may be synthesized (see FIG.
5A). The alkyne may allow further modification of the scaffold either pre or post protein
modification. The proof of concept version of this probe was shown to undergo a Cu(l}

catalyzed click reaction with p-azidotriflucromethylbenzene (FIG. 5B).

(86731 The azide version, Compound 76, may help remove the limits on coupling
partners (FIG. 5C). To further expand coupling capabiiities, an azide or alkyne on the
aryl side of the triazabutadiene, like in Compound 78 (FIG. 5D}, may allow for
conjugation o alkyne- or azide-modified (respectively) unnatural amino acids, glycans,

or other metfabolifes that are {0 be studied.

[6074] In the absence of a protein cross-linking eventi, there may be an aryl diazonium,
which decomposes {0 a2 phenol and remains bound to the lysine. This phenol is likely
prone {o redox chemistry and as such represents an avenue for complexily during
proteomic analysis. A self-immolating triazabutadiene has been designed fo circumvent

these pitfalls.

d. Diazonium Degradation for Cargo or Drug Release

(86751 In some embodiments, the triazabutadiene molecules of the present invention
may be used in applications involving diazonium degradation to release cargo or drugs.
For example, a group of applications takes advantage of the solvolysis of diazonium
salts to produce phenolic byproducts. The degradation of diazonium salts {o phenols, via
aryl cations, is a first-order process that is not pH dependent in the physiological range
of pHs. The half-life of this first order process depends on substitution on the aryl ring;
the rate for benzenediazonium is ~4 hours. Indeed, the product of this degradation and
subsequent azo-dye formation was observed if resorcinol is not put into the buffered

NMR experiments.
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(60761 In some embodiments, the acid-dependent insiability of the triazabutadiene
molecule may aliow for a drug or cargo molecule o be deposited at a desired location
and time {e.g., the reaclion can be controlled and initiated at a desired time and
iocation). As such, the present invention also features methods of delivering a drug {(or a
cargo compound) to a subject. In some embodiments, the method comprises providing
a triazabutadiene molecule according o the present invention, conjugating a drug (or
cargo compound) to the triazabutadiene molecule; and administering the conjugate {the
drugfcargo-triazabutadiene conjugate) to the subject. In some embodiments, the method
comprises providing a iriazabutadiene molecule according to the present invention
wherein the triazabutadiene molecule comprises the drug (or cargo compound); and
administering the triazabutadiene molecule to the subject. In some embodiments, the
diazonium species of the triazabutadiene molecule is part of the drug (or cargo
compound}. in some embodiments, the drug (or cargo compound} is formed when the
diazonium species reacis o a phenol species. In some embodiments, the drug is an
anti-cancer drug. The drug (or cargo compound} is not limited to an anti-cancer drug.
Any appropriate drug for any appropriate condition may be considered. Likewise, the
iriszabutadiene molecules may be incorporated into drug/cargo-delivery systems for
conditions including but not limited to cancer or cther conditions associated with low pH
states (e.g.., gastrointestinal conditions, sepsis, keloacidosis, eic.). Non-limiting
examples of drugs (e.g., drugs that have a phenoclic functional group, which may be
masked as prodrugs) include: Abarelix, Alvimopan, Amoxicillin, Acetaminophen,
Arformoterol, Cefadroxil, Cefpiramide, Cefprozil, Clomocycline, Daunorubicin, Dezocine,
Epinephring, Cetrolrelix, Ekioposide, Crofelemer, kzetimibe, ldarubicin, lvacafior,
Hexachiorophene, Labetalol, Lanrectide, Levodopa, Caspofungin, Butorphanol,
Buprenorphine, Dextrothyroxine, Doxorubicin, Dopamine, Dobutamine, Demeclocycline,
Diflunisal, Dienestrol, Diethyistilbestrol, Doxycycline, Entacapone, Arbulamine,
Apomorphine, Balsalazide, Capsaicin, Epirubicin, Esterified Estrogens, Estradiol
Valerate, Estrone, Esiradiol, Ethinyl Estradiol, Fulvestrant, Goserelin, Fluorescein,
Indacaterol, Levosalbutamol, Levothyroxine, Liothyronine, Lymecycling, Mitoxanirone,
Monobenzone, Maorphine, Masoprocol, Mycophenolic  Acid, Phenyiephrine,
Phentolamine, Oxyletracycline, Rifaximin, Rifapenting, Oxymetazoline, Raloxifene,
Tolcapone, Terbulaline, Telracycline, Mesalamine, Melaraminol, Methyidopa,

Minocycline, Nabilone, Nalbuphine, Nelfinavir, Propofol, Rotigotine, Ritodrine,



WO 2018/023130 PCT/US2017/044737

Salbutamol, Sulfasalazine, Salmeterol, Tapentadol, Tigecycline, Tolterodine,
Teniposide, Telavancin, Topotecan, Triptorelin, Tubacurarine, Valrubicin, Vancomycin,

sic.

{80771 In some embodiments, drug delivery systems fealuring iriazabuladiene
molecules may be enhanced with other reactions, e.g., enzymatic reactions. Such
additional reactions may help provide appropriate specificity of the drug delivery system

or appropriate timing {o the drug delivery system.

(60781 The present invention also fealures a method for administering a drug
comprising a phenolic function group o a subject in need of such a drug administration.
In some embodiments, the method comprises converting a drug comprising a phenolic-
functional group to a prodrug, wherein said prodrug comprises an acid labile riazylidene
moiely; and administering said prodrug to a subject in need of such a drug
administration. In some embodiments, the triazylidene compound may also comprise a

water solubility conferring moiety andfor Y’ functional group.

(80791 The present invention also features a method of converting a drug comprising a
phenolic-function group to an acid labile prodrug. In some embodiments, the phenolic-
functional group is converted to an azide group. The azide functional group may then be
reacted with a carbene to produce an acid labile prodrug comprising a friazylidene

moiety.

[6080] In some embodiments, a triazabutadiene molecule is conjugated {o another
molecule (a conjugate molecule), e.g., a protein (e.g., an aminc acid such as but not
fimited 1o lysine), a lipid, or other appropriate molecule. In some embodiments, the
diazonium species part of the triazabutadiene molecule is conjugated io the conjugate
molecule. In some embodiments, the cyclic guanidine species part of the
triazabutadiene molecule Is conjugaled 1o the conjugate molecule. In some
embodiments, the triazabutadiene molecule is altached to the conjugate molecule via a
finker. Linkers are well known o one of ordinary skill in the art and may include (but are
not limited to) a polyether linkers such as polyethylene glycol linkers. In some
embodiments, the conjugate molecule fo which the triazabutadiene molecule is
conjugated comprises an antibody or a fragment thereof. In some embodiments, the

conjugate molecule o which the triazabutadiene molecule is conjugated comprises a
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viral protein.

(60811 In some embodiments, the triazabutadiene molecules of the present invention
are used for pull-down studies whersin a biomolecule or protein of interest is attached {o
one side and the other side is appended o something such as but not limited o a small
molecule (e.g., hapien such as biolin} or compound. Using biotin as an example, the
biomolecule or protein of interest can be pulled down using an avidin bead (which binds
strongly to the bictin) and thoroughly washed. This may be useful for profein
envichment. The biomolecule or protein of interest may then be cleaved from the avidin
bead by means of reductive cleavage of the triazabuladiene that holds them together.
The present invention is not limited to these components, for example this application
could also feature the use of a probe (e.g., fluorescent or otherwise) aitached to an

antibody used to interrogate a complex sample.

[6082] In some embodiments, reductive cleavage of triazabutadiene molecules may
also be used {o cleave unreacted triazabuladienes that did not undergo diazonium
formation/reaction chemistry that is associated with a drop in pH (or other mechanism)

as described above (a sort of quench for the pH chemistry).

(60831 As previously discussed, the diazonium species can react with a phenol species
such as resorcinol or other appropriate phenol species. In some embodiments, a phenol
species or resorcinol species is conjugated to a prolein, e.g., a protein different from the
protein to which the triazabutadiene molecule is conjugated, a protein that is the same
protein to which the triazabutadiene molecule is conjugated, etc. In some embodiments,
the resorcinol species or phenol species that the diazonium species reacts with is the

phenol functional group of a tyrosine residue.

¢. Other applications
[8084] The present invention also features cross-linkers that respond to environmental

triggers. This may allow for a chemical snapshot of a key moment of an interaction.

EXAMPLE 1 - Synthesis of a Fluorescent Triazabuitadiene Probe
[8085] Example 1 describes transformation of a triazabutadiene into a flucrescent
probe. The present invention is not limited {o the compositions and methods described

herein.



WO 2018/023130 PCT/US2017/044737

60861 Referring to FIG. 6, the fluorescent azide Compound 12 was coupled to the
scaffold Compound 7. The vield of triazabutadiene Compound 26 was excellent. This
modification added a component to the {riazabutadiene by rendering the diazonium
portion (upon appropriate cleavage of the triazabutadiene Compound 26) a fluorescent

probe.

EXAMPLE 2 — Enhanced Functionalities of Triazabutadiense

(808717 Example 2 describes synthesis of a water-soluble triazabutadiene via click
chemistry, a bi-functional triazabutadiene, and a iriazabutadiene comprising an epoxide
used to produce an alkyne handle. The present invention is not limited {o the

compositions and methods described herein.

[6088] Referring to FIG. 7A, in some embodiments, triazabutadienes may be made
water soluble by atiaching a water solubilizing agent or functional group fo the
triazabutadiene via click chemisiry as described herein. For example, FIG. 7A shows
formation of a riazole with a tertiary amine handle can undergo a nucleophillic attack on

1,3-propane sultone to synthesize a water-soluble zwitierionic friazabutadiene.

(6089 FIG. 7B shows a bis-alkynl triazabutadiene comprising two alkyne handies, one
on the imidazole portion and one on the aryl portion (left side). The right side of the
figure shows the two alkyne handles clicked via click chemistry with an azide group. A
two-handled triazabutadiene can help enhance functionality of the triazabutadiene. For
example, the two handles can be used {o atfach two different components {(e.g.,
biclogical components, e.g., a protein, a drug, etc.). For example, in some
embodiments, one side is used for a first biclogical component and the cther side is
used for a second biological component. In some embodiments, one side is used for a
biological component and the other side is used for a water-solubilizing component. The
present invention is not limited to the aforementioned attachment components or uses
for a two-handled {riazabutadiene. A In some embodiments, if one alkyne is protecied,
the other side could be preferentially used for clicking. FIG. 8 shows a triazabutadiene
comprising an epoxide {(left) used to produce a triazabutadiene with an alkyne group

adapted for click chemistry.

[6090] The disclosures of the following documents are incorporated in their entirety by
reference herein: U.5. Pal. No. 8,617,827; LS. Pat. Application No. 2008/0048222;
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U.8. Pat. No. 3,591,575, U.S. Pal. No. 3,607,542; U.S. Pat. No. 4107353; WO Pat. No.
2008080554; U.S. Pat. No. 4,218,279; U.5. Pat. App. No. 2009/0286308; U.S. Pat. No.
4,356,050; U.S. Pat. No. 8,603,451; U.5. Pat. No. 5,858,373; U.S. Pat. No. 4,802,073;
U.S. Pal. No. 3,059,210. The disclosures of the following publications are incorporated
in their entirety by reference herein: Kimani and Jewett, 2015, Angewandfe Chemie
infernational Edition (DOl 10.1002/anie 201411277 - Online ahead of print}). Zhong et
al., 2014, Nature Nanolechnology 9, 858-866; Stewart et al., 2011, J Polym Sci B
Polym Phys 49(11).757-771; Poulsen et al., 2014, Biofouling 30(4):513-23; Stewart,
2011, Appl Microbiol Biotechnol 88(1).27-33; Stewart et al., 2011, Adv Colloid Interface
Sci 167(1-2):85-83; Hennebert et al., 2015, Interface Focus 5(1):.2014.

(8081} Various maodifications of the invention, in addition {0 those described herein, will
be apparent to those skilled in the art from the foregoing description. Such modifications
are also intended {o fall within the scope of the appended claims. Each reference cited

in the present application is incorporated herein by reference in its entirety.

(60921 Although there has been shown and described the preferred embodiment of the
present invention, it will be readily apparent to those skilled in the arl that modifications
may be made thereto which do not exceed the scope of the appended claims.
Therefore, the scope of the invention is only to be limited by the following claims.
Reference numbers recited in the claims are exemplary and for ease of review by the
patent office only, and are not limiling in any way. In some embodiments, the figures
presented in this palent application are drawn {o scale, including the angles, ratios of
dimensions, eic. In some embodiments, the figures are representative only and the
claims are not limited by the dimensions of the figures. In some embodiments,
descriptions of the inventions described herein using the phrase "comprising” includes
embodiments that could be described as “consisting of’, and as such the wrilten
description requirement for claiming one or more embodiments of the preseni invention

using the phrase “consisting of” is met.

[8093] The reference numbers recited in the below claims are solely for ease of
examination of this patent application, and are exemplary, and are not intended in any
way to limit the scope of the claims {o the particular features having the corresponding

reference numbers in the drawings.
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WHAT IS CLAIMED I8!

1.

o

A clickable triazabutadiene according fo {a) Formula B wherein X' comprises a
terminal alkyne handle; or (b) Formula C wherein either X' comprises a terminal
alkyne, X* comprises a terminal alkyne handie, or both X' and X? comprise a
terminal atkyne handie; wherein A= 5, G, or N; D = H, -CH=CH-CH=E-, halides,
cyano, sulfonates, alkyl chain, or trifluoromethyl; E = H, -CH=CH-CH=D-, halides,
cyano, sulfonates, alkyl chain, or {riflucromethyl; and wherein Y comprises a iri-
substituted aryl group; wherein the alkyne handles are adapted to cross-link to an

azide handle of a linking component via click chemistry.

Y!
/ N
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N B h
N
I >3N N N [ N—N
M -~ :
A RO A
& E
E \\ by 5 \\
¥/ S X!
Formuia B Formula C

The clickable triazabutadiene of claim 1, wherein the iri-substituted aryl group
comprises mesityl, a NHS-ester moiety; an oligonucieotide; a peptide; a
fluorescence guencher; a pro-fluorophore; an alkyne; a triazene; an aldehyde; an
amine; an aminooxy; a halogen, or a combination thereof.

The clickable triazabutadiene of claim 1, wherein the triazabuladiene comprises
is linked to a peptide, an oligonucleotide, or a drug.

The clickable triazabutadiene of claim 1, wherein the linking component with the
azide handle comprises a peptide, an oligonuclectide, or a drug.

A method of detecting an interaction betwsen a first component and a second
component, said method comprising cleaving a triazabutadiene linked to the first
component via a first triazole formed from click chemistry and o the second
component via a second triazole formed from click chemistry, wherein cleaving
the triazabutadiene liberates a diazonium species whereupon the diazonium
species reacts with an electron-rich phenyl sysiem to form a deteclable signal,
said detectable signal being indicative of interaction between the first component

and the second component.
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6.

©

The method of claim 5, wherein the triazabutadiene is according to Formula C,
wherein both X' and X? comprised a terminal alkyne handle prior to formation of
the first triazole and second friazole via click chemistry.

A method of linking a funclional group or component to a clickable
triazabutadiene, said functional group or component comprising an azide handle,
said clickable triazabutadiene being according to (a) Formula B whersin X
comprises a terminal alkyne handle; or (b) Formula C wherein either X’
comprises a terminal alkyne, X? comprises a terminal alkyne handle, or both X’
and X* comprise a terminal alkyne handie; wherein A = &, O, or N; D = H, -
CH=CH-CH=E-, halides, cyano, sulfonates, alkyl chain, or triflucromethyl, £ =H, -
CH=CH-CH=D-, halides, cyano, sulfonales, alkyl chain, or trifluoromethyl; and
wherein Y' comprises a tri-substituted aryl group; said method comprising
subjecting the clickable triazabutadiene and functional group or component {o
copper click chemistry, wherein copper click chemistry links the clickable
triazabutadiene and functional group or component via formation of a triazole

from the alkyne handle and the azide handle.

The method of claim 7, wherein said funclional group comprises a water solubility
functional group.
The method of claim 7, wherein said componeni comprises & peplide, an

oligonucleotide, or a drug.

10.A clickable triazabutadiene according to Formula C wherein both X' and X?

comprise a terminal alkyne handle; wherein A = 8, O, or N; D = H, -CH=CH-
CH=E-, halides, cyano, sulfonates, alkyl chain, or triflucromethyl; & = H, -CH=CH-
CH=D-, halides, cyano, sulfonates, alkyl chain, or triflucromethyl; and wherein v
comprises a tri-substituted aryl group; wherein the alkyne handle of X is adapted
to cross-link {0 an azide handle of a first linking component via click chemisiry,

and the alkyne handle of X? is adapted to cross-link to an azide handle of a
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second component via click chemistry, wherein the first linking component
comprises a biological component and the second linking component comprises

a functional group conferring water-solubiiity.

Formula C

11. The clickable iriazabuladiene of claim 10, wherein the tri-substituted aryl group of
Y’ comprises mesityl, a NHS-ester moiely, an oligonucleotide, a peptide; a
fluorescence guencher; a pro-fluorophore; an alkyne; a triazene; an aldehyde; an
amine; an aminooxy; a halogen,; or a combination thereof.

12.The clickable triazabutadiene of claim 10, wherein the biological component
comprises a peptide, an oligonucleotide, or a drug.

13.A clickable triazabutadiene according to Formula C wherein both X' and X*
comprise a terminal alkyne handle; wherein A = 8, O, or N; D = H, -CH=CH-
CH=E-, halides, cyano, sulfonates, alkyl chain, or trifluoromethyl; £ = H, -CH=CH-
CH=D-, halides, cyano, sulfonates, alkyl chain, or trifluoromethyl; and wherein v
comprises a tri-substituted aryl group; wherein the alkyne handle of X is adapted
to cross-link fo an azide handle of a first linking component via click chemistry,
and the alkyne handle of X? is adapted fo cross-link to an azide handle of a
second component via click chemistry, wherein both the first linking component

and the second linking component comprise a biological component.

Formula ©

14. The clickable triazabutadiene of claim 13, wherein the tri-substituted aryl group of

Y! comprises mesityl, a NHS-esler moiely, an oligonucleotide, a peplide; a
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fluorescence guencher; a pro-fluorophore; an alkyne; a triazene; an aldehyde; an
amine; an aminooxy; a halogen, or a combination thereof.

15.The clickable {riazabutadiene of claim 13, wherein the biological component
comprises a peplide, an oligonucleotide, or a drug.

16.A clickable triazabutadiene according to Formula C wherein both X' and X°
comprise a terminal alkyne handie, wherein the alkyne handle of X' is adapted to
cross-link {0 an azide handle of a first linking component via click chemistry, and
the alkyne handle of X? is adapted to cross-link to an azide handle of a second

component via click chemistry.

2

Y

I
D /
N

| >_ ,,,,,,,,

\/
A
E \
AY

A

Formula C

17.The clickable triazabutadiene of claim 16, wherein A = 8, O, or N; D = H, -
CH=CH-CH=E-, halides, cyano, sulfonates, alkyl chain, or triflucromethyl, E = H, -
CH=CH-CH=D-, halides, cyano, sulfonates, alkyl chain, or trifluocromethyi; and Y’
comprises a tri-substituted ary! group.

18. The clickable triazabutadiene of claim 17, wherein the tri-substituted aryl group of
Y! comprises mesityl, a NHS-esler moiely, an oligonucleotide, a peplide; a
fluorescence quencher; a pro-flucrophore; an alkyne; a triazene; an aldehyde; an
amine; an aminooxy; a halogen; or a combination thereof.

19.The clickable triazabutadiene of claim 16, wherein the first linking component
comprises a biological component and the second linking component comprises
a functional group conferring water-solubility.

20.The clickable triazabutadiene of claim 16, wherein the biological component
comprises a peptide, an oligonucleotide, or a drug.

21.A clickable triazabutadiene according to (a) Formula B wherein X' comprises a
terminal azide handle; or (b) Formula C wherein either X' comprises a terminal
azide, X* comprises a terminal azide handle, or both X' and X? comprise a
terminal azide handle; wherein A= 3, O, or N; D = H, -CH=CH-CH=E-, halides,
cyano, sulfonates, alkyl chain, or trifluoromethyl; £ = H, -CH=CH-CH=D-, halides,

cyano, sulfonates, alkyl chain, or trifluoromethyl; and wherein v comprises a iri-
29
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substituted aryl group; wherein the azide handies are adapted {o cross-link to an

alkyne handie of a linking component via click chemistry.

ol
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Formula B Formula C

22.The clickable triazabutadiene of claim 21, wherein the tri-substituted aryl group
comprises mesityl, a NHS-ester moiety; an oligonucieotide; a peptide; a
fluorescence quencher; a pro-flucrophore; an alkyne; a triazene; an aldehyde; an
amine; an aminooxy; a halogen, or a combination thereof.

23.The clickable triazabutadiene of claim 21, wherein the triazabutadiene comprises
is linked to a peptide, an oligonucleotide, or a drug.

24.The clickable triazabutadiene of claim 21, wherein the linking component
comprises a peptide, an oligonucleotide, or a drug.

25.A clickable triazabutadiene according to (a) Formula B wherein X' comprises a
terminal azide handle or a terminal alkyne handle; or (b) Formula C wherein
gither X' comprises a terminal azide handle or a ferminal alkyne handle, X2
comprises a terminal azide handle or a terminal alkyne handle, or both X and X2
comprise a terminal azide handle or a terminal alkyne handie; wherein A = §, O,
or N; D = H, -CH=CH-CH=E-, halides, cyano, sulfonates, alkyl chain, or
triftucromethyl; & = H, -CH=CH-CH=D-, halides, cyano, sulfonates, alkyl chain, or
triflucromethyl; and wherein Y' comprises a tri-substituted aryl group; wherein
azide handles are adapted to cross-link {o an alkyne handle of a linking
component via click chemistry or alkyne handles are adapted o cross-link {o an

azide handie of a linking component via click chemistry.
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26.The clickable triazabutadiene of claim 25, wherein the tri-substituted aryl group
comprises mesityl, a NHS-ester moiety; an oligonucieotide; a peptide; a
fluorescence quencher; a pro-fluorophore; an alkyne; a triazene; an aldehyde; an
amine; an aminooxy; a halogen,; or a combination thereof.

27.The clickable triazabutadiene of claim 25, whersin the triazabutadiene comprises
is linked to a peptide, an oligonucleotide, or a drug.

28.The clickable triazabutadiene of claim 25, wherein the linking component

comprises a peptide, an oligonucleotide, or a drug.
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Attachment to Box.No.lil:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1.

Group I+: Claims 1-4 and 10-28 directed to clickable triazabutadiene according to Formula B, wherein X1 comprises a terminal alkyne
handle or a terminal azide handle or Formula C, wherein X1 or X2 or both comprise terminal alkyne handles or terminal azide handles.
The clickable triazabutadiene will be searched to the extent that the triazabutadiene encompasses the first species of Formula B,
wherein

X1 comprises a terminal alkyne handle; wherein A is S; E = H; D = H; and wherein Y1 comprises a trisubstituted phenyl group.

It is believed that claims 1-4 and 25-28 read on this first named invention, and thus these claims will be searched without fee to the
extent that they encompass the clickable triazabutadiene, described above. Applicant is invited to elect additional clickable
triazabutadiene compound(s), wherein each additional compound elected, will require one additional invention fee. Applicants must
specify the claims that encompass any additionally elected clickable triazabutadiene compound. Applicants must further indicate, if
applicable, the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to
clearly identify how any paid additional invention fees are to be applied to the '+' group(s) will result in only the first claimed invention to
be searched.

Additionally, an exemplary election wherein different actual variables are selected is suggested. An exemplary election would be a
clickable triazabutadiene compound according to Formula C, wherein both X1 and X2 comprise a terminal alkyne handle; wherein A= N;
D=H; E=H; and wherein Y1 comprises a trisubstituted phenyl group (i.e., claims 1-4, 10-20 and 25-28).

Group HI: claims 5-6, directed to a method of detecting an interaction between a first component and a second component, said method
comprising cleaving a triazabutadiene linked to the first component via a first triazole formed from click chemistry and to the second
component via a second triazole formed from click chemistry.

Group 1li: claims 7-9, directed to a method of linking a functional group or component to a clickable triazabutadiene, said functional
group or component comprising a terminal azide handle, said method comprising subjecting the clickable triazabutadiene and functional
group or component to copper click chemistry.

The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:
Group I+ includes the technical feature of a unique clickable triazabutadiene, which is not required by any other invention of Group I+.

Group Il includes the technical feature of a method of detecting an interaction between a first component and a second component, not
required by Group !+ or Group IIl.

Group Il includes the technical feature of a method of linking a functional group or component to a clickable triazabutadiene, not
required by Groups I+ or Group II.

Common technical features:

The inventions of Group I+ share the technical feature of a clickable triazabutadiene according to Formula B, wherein X1 comprises a
terminal alkyne handle or a terminal azide handle or Formula C, wherein X1 or X2 or both comprise terminal alkyne handles or terminal
azide handles.

Groups I+ and il also share the technical feature of a clickable triazabutadiene according to Formula B, wherein X1 comprises a terminal
alkyne handle or Formula C, wherein X1 or X2 or both comprise terminal alkyne handles.

Groups I+ -lll further share the technical feature of a clickable triazabutadiene linked to a component via click chemistry.

These shared technical features, however, do not provide a contribution over the prior art, as being anticipated by the thesis submitted
to the Faculty of the Department of Chemistry and Biochemistry in Partial Fulfillment of the Requirements For the Degree of Master of
Science, University of Arizona, dated 8 April 2016, entitled, 'Development of Clickable Triazabutadienes as Cleavable Cross-Linkers', by
Cornali (hereinafter ‘Cornali’) which teaches a clickable triazabutadiene according to (a) Formula B wherein X1 comprises a terminal
alkyne handle; wherein A = N; D = H; E = H; and wherein Y1 comprises a trisubstituted aryl group (pg 22, Fig 12, compound 6); wherein
the alkyne handles are adapted to cross-link to an azide handle of a linking component via click chemistry (pg 27, para 2, Table 1).

Cornali further teaches a triazabutadiene, linked to a component via click chemistry (pg 32, para 1, Fig 17, fluorescent triazabutadiene
probe 26; pg 29, para 2 to pg 30, Scheme 4).

As said clickable triazabutadiene and the linked component were known in the art at the time of the invention, these cannot be
considered special technical features, that would othorwise unify the inventions of Groups I+ or those of Groups I+-lIl.

The inventions of Group I+-1ll thus lack unity under PCT Rule 13.

Note: TThe first invention of the LOU has been amended as follows:

It is noted that a clickable triazabutadiene according to Formula B wherein X1 comprises a terminal alkyne handle, requires that A=N.
For a species of Formula B, where A=S, X1 (the alkyne handle) is absent. The compound of formula B cannot exist when A= S with X1
substituent. Therefore, the first invention searched in this report is:

A clickable triazabutadiene of Formula B, wherein X1 comprises a terminal alkyne handle; wherein A is N; E = H; D = H; and wherein
Y1 comprises a trisubstituted phenyl group.

Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

