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MITOCHONDRIAL TARGETED RELEASABLE LINKER

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application No. 62/524,161
filed on June 23, 2017, which is incorporated herein by reference in its entirety.

FIELD

[0002] This invention relates to compounds having cleavable linkers that preferentially

deliver a drug to a mitochondrion of a cell.

INTRODUCTION

[0003] The mitochondria of mammalian cells have a role in the production of energy and
regulation of programmed cell death. They have a role in maintaining cellular health, and
dysregulation of mitochondria has been connected with a variety of human diseases (see, for
example, reference 1, listed below). The delivery of therapeutics or small molecules to this
cellular organelle is challenging, however, because of the double-membrane structure of

mitochondria that is difficult to penetrate (see, for example, reference 2, listed below).

[0004] A variety of molecular delivery systems that can transport cargo into
mitochondria have been reported (see, for example, reference 2, listed below). For example,
mitochondria penetrating peptides (MPPs), which are mitochondrial localization vectors, directly
target small molecules to the mitochondrial matrix (see, for example, references 3-5, listed
below). The use of MPPs for mitochondrial small molecule targeting has proven useful for the
development of new probes for mitochondrial bioclogy and investigating drug activities within the
mitochondria with organellar specificity (see, for example, references 6-10, listed below). The
use of MPPs for mitochondrial small molecule targeting was discussed in WO2011150494 filed
May 27, 2011 and WO2011150493 filed May 27, 2011, both herein incorporated by reference in
their entirety. However, the MPP conjugates generated and studied to date feature covalent and

uncleavable linkers, and therefore the peptide remains attached to molecular cargo. While this
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approach has produced several interesting compounds with drug-like properties and significant
levels of activity for a variety of probes, the presence of the delivery vehicle after transport to

mitochondria is a limitation of MPPs and other mitochondrial delivery vectors.

[0005] A method for traceless release of a small molecule once it is trafficked to the
mitochondrial matrix would benefit mitochondrial targeting vectors as a whole and expand the
breadth of compounds that can be targeted in the organelle. Several existing examples of
cargo release in the mitochondria have focused on taking advantage of enzymatic cleavage of a
labile ester linker (see, for example, references 11-12, listed below). However, linkers that rely
on enzymatic cleavage are particularly sensitive to sterics around the cleavage site. Small
molecules with chemically tractable groups near bulkier substituents may inhibit access of
cleavage enzymes, either limiting the breadth of compounds able to be conjugated or requiring
chemical modification of the cargo for attachment. In addition, enzyme expression can vary by

cell type, environment, and metabolic status which could make cleavage kinetics inconsistent.

[0006] There is a need for mitochondrial delivery of compounds with linkers cleavable by
endogenous chemical agents that are suitable for mitochondrial small molecule targeting and

release.

SUMMARY

[0007] According to one asbect of the invention, there is provided a compound
comprising: a mitochondrial targeting portion; a cargo portion including a drug unit; and a linker
conjugating the mitochondrial targeting portion and the cargo portion, the linker portion
cleavable in a mitochondrion of a cell for preferentially releasing the cargo portion within the

mitochondrion as compared to a cytoplasm of the cell.

[0008] In another aspect, there is provided a compound having a structure according to

Formula I;
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wherein R, is a mitochondrial targeting portion;
Ry is a cargo portion including a drug unit; and

each carbon atom bonded to the disulfide is, independently, unsubstituted; mono- or di-
substituted by, independently, a hydroxyl, amino, fluoro, chloro, bromo, C;-C, alkyl, C4-Cy4
alkenyl, C-C, alkynyl, C5-Csq cycloalkyl, C;-Cg cycloalkenyl, or phenyl group; or di-substituted
such that the carbon atom bonded to the disulfide forms part of a C;-Cs cycloalkyl, or C3-Cs

cycloalkenyl group.

[0009] In another aspect, there is provided the compound as described above for the
treatment of cancer, a microbial infection, a neurodegenerative disorder, a metabolic disorder,

or a mitochondrial disease.

[0010] In another aspect, there is provided a use of the compound as described above
in the preparation of a medicament for the treatment of cancer, a microbial infection, a

neurodegenerative disorder, a metabolic disorder, or a mitochondrial disease.

BRIEF DESCRIPTION OF DRAWINGS

[0011] Embodiments of the invention may best be understood by referring to the
following description and accompanying drawings. In the description and drawings, like

numerals refer to like structures or processes.

[0012] Figure 1 is a schematic representation of the delivery a drug into a mitochondrion

using a compound according to an aspect of the present invention.

[0013] Figure 2 is an overview of linkers tested for mitochondrial delivery and release of
molecular cargo. Reporter conjugates contained the TAMRA fluorophore [Y] paired to a BHQ-2

quencher [X] through disulfide linkers. Compound 1 features an uncleavable linker, while

3
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compounds 2, 3, and 4 contained unsubstituted, mono-substituted, and di-substituted disulfides,

respectively. Z represents the structure of a mitochondria-penetrating peptide.

[0014] Figure 3A is a graphical representation of in vitro cleavage kinetics. Fluorescence

recovery of the reporter conjugates in PBS incubated with 0.5 mM DTT.

[0015] Figure 3B is a graphical representation of in cellulo cleavage kinetics.
Fluorescence recovery of the indicated reporter conjugates in K562 cells. K562s were treated
with the corresponding reporter then lysed. Lysates were split and the fluorescence of one
sample was normalized to a second sample which was treated for 10 minutes with 25 mM

TCEP as a fully cleaved control.

[0016] Figure 4 illustrates the time-dependent fluorescence of reporter conjugates in
living cells. A series of photographs show fluorescence microscopic images of cells treated with
the reporter conjugates after 0.5 hours, 8 hours and 24 hours. Image acquisition settings were
maintained between compounds and timepoints. The scale bar represents 20 um.

[0017] Figure 5 illustrates the localization of reporter conjugates in living cells. Peptide
fluorescence corresponds to the green channel (the left column) and mitochondria labelled with
the mitochondria-specific dye Mitotracker Deep Red is shown in the red channel (the middle
column). Insets are outlined by the dashed boxes. The upper inset of each row is a zoomed in
portion of the green channel and the lower inset of each row is a zoomed in portion of the red
channel for the same reporter conjugate. Pearson’s coefficients for Compound 2 = 0.95,
Compound 3 = 0.76, Compound 4 = 0.77. The scale bar represents 20 ym.

[0018] Figure 6A illustrates the chemical structure of the releasable Luminespib-MPP

conjugate, compound 5.

[0019] Figure 6B illustrates the chemical structure of the uncleavable Luminespib

conjugate, compound 6.
[0020] Figure 6C illustrates the chemical structure of parent drug, Luminespib.

[0021] Figure 6D illustrates the chemical structure of a linker plus mitochondrial

targeting vector.
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[0022] Figure 6E illustrates the chemical structure of the fluorescently labelled analogue

of compound 5.

[0023] Figure 6F illustrates the reaction mechanism of disulfide cleavage and auto-
cyclization.
[0024] Figure 6G illustrates the localization of a fluorescently labelled compound 5 with

peptide fluorescence shown in the green channel (left image) and mitochondria labelled with
Mitotracker Deep Red in the red channel (middle image). Insets are outlined in the dashed
boxes with the upper inset being the zoomed in portion of the green channel and the lower inset
being the zoomed in portion of the red channel. The Pearson’s coefficient for this compound
was 0.92. The scale bar represents 20 um

[0025] Figure 7A is a graphical representation of the toxicity of compound 5 at different

time points in K562 cells.

[0026] Figure 7B is a graphical representation of the toxicity of compound 6 at different

time points in K562 cells.

[0027] Figure 8A is a chart illustrating apoptosis as measured via Annexin V staining of
K562 cells treated for 24 hours with 2.5 uM of the compounds indicated. Cell populations were
gated with annexin V+/Sytox red- cells as early apoptotic, and annexin V+/Sytox red+ cells as
late apoptotic. Necrotic cells, defined as Annexin V-/Sytox red+ cells were excluded as levels

were negligible [<1%].

[0028] Figure 8B is a chart illustrating the mitochondrial mass as measured by
incubation with Mitotracker Green FM staining of K562 cells treated with 2.5 uM of the indicated

compounds for 24 hours. Cells with Sytox red staining were gated against and excluded.

[0029] Figure 8C is a chart illustrating mitochondrial membrane depolarization of K562
cells as measured by TMRM staining treated with 2.5 uM of the indicated compounds for 24

hours.

[0030] Figure 9 is a chart illustrating the HPLC analysis of compound 5 pre cleavage
(left plot) and post cleavage (right plot) with the reducing agent TCEP. A 50 uM stock solution of
Compound 5 in PBS was run through RP-HPLC on a C18 column with a H,O/MeCN gradient
with 0.1% TFA and compared to a 50 uM stock solution of Compound 5 in PBS cleaved with 25

5
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mM TCEP. Peak A corresponds to purified compound 5. Peak B was identified as Luminespib
by comparison of retention time to an analytical standard and by mass spectrometry. Peak C
was identified as the cleaved thiol-MPP fragment of compound 5 by comparison to an analytical

standard and by mass spectrometry.

[0031] Figure 10 is a graphical representation of the toxicity of luminespib (compound 7,
as shown in Figure 6C) at different time points in K562 cells.

[0032] Figure 11 illustrates the chemical structure of the releasable aminocoumarin-

MPP conjugate.

[0033] Figure 12 is a chart illustrating the HPLC analysis of compound X pre cleavage
(left plot) and post cleavage (right plot) with the reducing agent TCEP. A 50 uM stock solution of
Compound 5 in PBS was run through RP-HPLC on a C18 column with a H,O/MeCN gradient
with 0.1% TFA and compared to a 50 uM stock solution of Compound X in PBS cleaved with 25
mM TCEP over 4 hours. Peak A corresponds to purified compound X. Peak B was identified
as 7-amino-4-methylcoumarin by comparison of retention time to an analytical standard. Peak
C was identified as the cleaved thiol-MPP fragment of compound 5 by comparison of retention

time to an analytical standard.

[0034] Figure 13 illustrates the localization of the releasable aminocoumarin-MPP,
compound X, in living cells. Peptide fluorescence corresponds to the green channel (the left
column) and mitochondria labelled with the mitochondria-specific dye Mitotracker Deep Red is
shown in the red channel (the middle column). Insets are outlined by the dashed boxes. The
upper inset is a zoomed in portion of the green channel and the lower inset of each row is a
zoomed in portion of the red channel for the same reporter conjugate. Pearson’s coefficient for

Compound X = 0.733. The scale bar represents 20 um.

[0035] Figure 14 illustrates the chemical structure of the releasable BlIB021-MPP
conjugate.
[0036] Figure 15 is a chart illustrating the HPLC analysis of compound X pre cleavage

(left plot) and post cleavage (right plot) with the reducing agent TCEP. A 50 pM stock solution of
Compound 5 in PBS was run through RP-HPLC on a C18 column with a H;O/MeCN gradient
with 0.1% TFA and compared to a 50 uM stock solution of Compound X in PBS cleaved with 25
mM TCEP over 4 hours. Peak A corresponds to purified compound X. Peak B was identified
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as BlIB021 (6-chloro-9-[(4-methoxy-3,5-dimethyl-2-pyridyl)methyl]-9H-purin-2-amine) by
comparison of retention time to an analytical standard and by mass spectrometry. Peak C was
identified as the cleaved thiol-MPP fragment of compound 5 by comparison to an analytical
standard and by mass spectrometry.

DETAILED DESCRIPTION

[0037] In the following description, numerous specific details are set forth to provide a
thorough understanding of the invention. However, it is understood that the invention may be
practiced without these specific details.

[0038] “Small molecule” means an organic compound that may help regulate a
biological process and having a low molecular weight. In some embodiments, the small

molecule has molecular weight of less than 900 daltons, or even less than 500 daltons.

[0039] “Peptide” means an oligomer comprising amino acid monomers linked by peptide
bonds. In some embodiments, the peptide has from 3 amino acids to 30 amino acids.

[0040] Having reference to Figure 1, in an aspect of the invention, there is provided a
compound 100 comprising a mitochondrial targeting portion 110, a cargo portion 130 including a
drug unit 132, and a linker 120 conjugating the mitochondrial targeting portion 110 and the
cargo portion 130, the linker 120 cleavable in a mitochondrion 210 of a cell 200 for preferentially
releasing the cargo portion 130 within mitochondria 210 as compared to a cytoplasm 202 of the
cell 200.

[0041] The mitochondrial targeting portion 110 facilitates the transport of the compound
100 across both the plasma membrane 204 and the mitochondrial membranes 214a,b. In some
embodiments, the mitochondrial targeting portion 110 includes a mitochondrial penetrating
peptide (MPP), a triphenylphosphonium (TPP), a transactivator of transcription peptide fused
mitochondrial targeting sequence (TAT-MTS), a mitochondrial protein, or a small molecule with

mitochondrial localization.

[0042] In some embodiments, the mitochondrial targeting portion 110 includes an MPP.
In some embodiments, the MPP contains cationic and hydrophobic residues to provide a
positively charged lipophilic character that facilitates passage through both the plasma
membrane 204 and mitochondrial membranes 214a,b. In some embodiments, the MPP is both

lipophilic and cationic. In some embodiments, the cationic residues include lysine (K), arginine

7
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(R), aminophenylalanine, ornithine, or a combination thereof, to provide positive charge. In
some embodiments, the hydrophobic residues include phenylalanine (F), cyclohexylalanine (F,),
2-aminooctanoic acid (Hex), diphenylalanine (DIF), (1-naphthyl)-L-alanine (Nap) or any
combination thereof to impart lipophilicity. Although the arrangement of charged and
hydrophobic residues within an MPP is not particularly restricted, provided the MPP possesses
appropriate charge and lipophilicity to pass through the plasma membrane 204 and the
mitochondrial membranes 214a,b, the MPPs may comprise alternating cationic and hydrophobic

residues to increase the level of lipophilicity within the MPP.

[0043] In some embodiments, the MPP crosses the membrane in a potential dependent
manner. In some embodiments, the MPP comprises amino acid residues modified to provide
intracellular stability. Such residues include, for example, d-sterecisomers, an amide terminus or
both. In some embodiments, the MPP comprises a charge of +3 and a log P value of at least
about -1.7. In some embodiments, the MPP comprises a charge of +5 and a log P value of at

least about -2.5.

[0044] Considerations and discussion regarding the design of MPPs can be found, for
example, in Sae Rin Jean et al, “Peptide-Mediated Delivery of Chemical Probes and
Therapeutics to Mitochondria”, (2016) 49 Acc Chem Res 1893; Sae Rin Jean et al, “Molecular
Vehicles for Mitochondrial Chemical Biology and Drug Delivery”, (2014) 9, ACS Chem Biol 323,
and Kristin L Horton et al, “Mitochondria-Penetrating Peptides”, (2008) 15 Chem Biol 375; which

are hereby incorporated by reference in their entirety.

[0045] In some embodiments, the MPP comprises an amino acid sequence set out in

Table 1, below.

Table 1.

SEQ ID NO. Compound

Fir-FK

Fx'r' Fx'K'Fx' r'Fx'K

F-r-F-K-F-r-F,-K

F-r-F, K

F-r-DIF-K

F-r-Nap-K

F-r-HEX-K

(Fx'r)4

(Fy-r-G-n),

Slolm|No|uoa|wibd|=

Fx'r'Fx'r'Fx'r
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r = D-arginine

F« = cyclohexylalanine

Nap = (1-naphthyl)-L-alanine
Hex = 2-aminooctanoic acid
DIF = diphenylalanine

K = lysine

G = glycine

F = phenylalanine

In some embodiments, the MPP comprises the sequence set forth in SEQ 1D NO: 10.

[0046] Other suitable MPPs may be found, for example, in Kristin L Horton et al,
‘Mitochondria-Penetrating Peptides” (2008) 15 Chem Biol 375; and Kristin L. Horton et al,
“Tuning the Activity of Mitochondria-Penetrating Peptides for Delivery or Disruption”, (2012) 13
ChemBioChem 476, which are hereby incorporated by reference in their entirety.

[0047] In some embodiments, the linker 120 is preferentially cleaved in the cell 200 as
compared to an extra-cellular region. In some embodiments, the linker 120 is cleaved after the
compound 100 is transported into a matrix 212 of a mitochondrion 210. In some embodiments,
a cleavage agent in the matrix 212 of the mitochondrion 210 cleaves the linker 120. In some
embodiments, the cleavage agent is present in both the cytoplasm 202 and the mitochondrial
matrix 212 of the cell 200 and the compound 100 is preferentially cleaved in the mitochondrion
210. As such, in some embodiments, the compound 100 is designed to mitigate against the
premature cleavage of the linker 120 in the cytoplasm 202. For example, the ratio of the rate of
cleavage of the compound in the cytoplasm 202 to the rate of cleavage of the compound in the
mitochondria 210 may be affected by steric effects. In some embodiments, from 2 to 6% of the
total molecules of the compound are cleaved before the compound is localized to the
mitochondria. Without wishing to be bound by theory, it is believed that steric effects at the
linker interferes with the ability of a cleavage agent from cleaving the linker, thereby providing
an opportunity for the mitochondrial targeting portion to facilitate the transport of the compound

to a mitochondrion.

[0048] The cargo portion 130 and the mitochondrial targeting portion 110 may contribute
to steric effects at the linker 120. Steric effects at the linker 120 may be modified by introducing
one or more substitutions at or near the linker. Generally, the degree of substitution decreases
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the rate at which the compound is cleaved. For example, in compounds having the same
mitochondrial targeting portions and cargo portions, one with an unsubstituted linker may be
cleaved at a faster rate than one with a mono-substituted linker, which may be cleaved at a
faster rate than one with a di-substituted linker. The release profile of drug unit into the
mitochondria may be modulated depending on the desired use.

[0049] In some embodiments, the linker is a hydrolysis sensitive linker or disulfide linker.
In some embodiments, the linker 120 includes a disulfide bond. In some embodiments, the
disulfide bonds are cleavable by cellular thiols, cellular antioxidants, reducing agents, or any
combination thereof. Exemplary reducing agents for cleaving the linker 120 include glutathione.
Glutathione is present endogenously in cells 200, including in the cytoplasm 202 and in the
mitochondrial matrix 212, but is relatively scarce in the extra-cellular environment. Since the
relative concentrations of glutathione in the cytoplasm 202 and mitochondrial matrix 212 in a cell
200 may be similar, the linker 120 resists cleavage by glutathione until the compound 100 can
be transported into the mitochondrial matrix 212.

[0050] In some embodiments where the linker 120 includes a disulfide moiety, each
carbon atom bonded to the disulfide is, independently, un-substituted; mono- or di-substituted
by, independently, a hydroxyl, amino, fluoro, chloro, bromo, C4-C, alkyl, C4-C, alkenyl, C4-C,
alkynyl, Cs-Cg cycloalkyl, Cs-Cg cycloalkenyl, or phenyl group; or di-substituted such that the
carbon atom bonded to the disulfide forms part of a C3-Cg cycloalkyl, C3-Csg cycloalkenyl group.

[0051] In some embodiments, the cleavage of the linker 120 releases the cargo portion
130. The cargo portion 130 includes a drug unit 132. In some embodiments, the drug unit 132

includes or is functionalized with a hydroxyl, amino, or thiol moiety.

[0052] In some embodiments, the cargo portion 130 is the drug unit 132, and includes a
portion of the cleaved linker 120. In some embodiments, the linker 120 is a disulfide and
cleavage occurs at the sulfur-sulfur bond such that one of the sulfurs of the disulfide forms a

thiol moiety of the drug unit 132.

[0053] In some embodiments, the cargo portion 130 includes an auto-cyclization moiety
134 that activates by the cleavage of the linker 120 to release the drug unit 132. In some
embodiments, the auto-cyclization moiety 134 reacts with a moiety of the cleaved linker portion
to effect the release of the drug unit 132. In some embodiments, the auto-cyclization moiety 134
includes the moiety 122 of the cleaved linker portion to effect the release of the drug unit 132. In

10
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some embodiments, the auto-cyclization moiety 134 includes a drug-joining moiety. In some
embodiments, the drug unit 132 includes a cargo-joining moiety or is functionalized with a
cargo-joining moiety bonded to the auto-cyclization moiety 134, for example, at the drug-joining
moiety to form the cargo portion 130. In some embodiments, the bond between the cargo-
joining moiety and the drug-joining moiety is cleaved by the moiety 122 of the cleaved linker

portion.

[0054] In some embodiments, the drug-joining moiety includes an ester moiety. In some
embodiments, the linker 120 is a disulfide and cleavage occurs at the sulfur-sulfur bond such
that the moiety of the cleaved linker portion that cleaves the bond between the cargo-joining
moiety and the drug-joining moiety includes a thiol moiety. The thiol moiety cleaves the bond
between the cargo-joining moiety and the drug-joining moiety, thereby cleaving the cargo
portion 130 and releasing the drug unit 132. For example, in some embodiments, the drug-
joining moiety includes an ester moiety and the thiol moiety cleaves the bond between the
cargo-joining moiety and the ester such that the drug unit is released and the ester moiety and
the thiol moiety bond to form a cyclic monothiocarbonate 140.

[0055] In some embodiments, the cargo-joining moiety is an oxygen or nitrogen moiety
bonded to the drug-joining moiety. In some embodiments, the drug-joining moiety and the
cargo-joining moiety are bonded such that they form a carbonate or carbamate moiety. The
cleavage of the drug-joining moiety and the cargo-joining moiety release the drug unit, which

includes a hydroxyl or amino group, or is functionalized with a hydroxyl or amino group.

[0056] In some embodiments, the cargo-joining moiety of the drug unit contributes to the
drug’s activity. For compounds including such drug units, if the drug unit 132 is not released
from conjugation, the effect of the drug unit 132 would be limited. For example, for the HSP90
inhibitor luminespib, functional groups involved in protein binding may also be necessary for

their conjugation to the mitochondrial targeting portion.

[0057] In some embodiments, the drug unit 132 is for the treatment of a disorder that is
associated with the mitochondria. For example, the disorder may be cancer, a microbial
infection, a neurodegenerative disorder, a metabolic disorder, or a mitochondrial disease.

[0058] In some embodiments, the drug unit 132 is a small molecule drug or a peptide.
The use of relatively small cargo units is preferred over larger macromolecule units because

large macromolecule units may result in the decrease the rate at which the compound is

11
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transported into the mitochondrial matrix. This may prevent translocation of the compound to the
inner mitochondrial matrix. Further, larger macromolecule units are more difficult to conjugate

with the linker and mitochondrial targeting portion.

[0059] In some embodiments, the drug unit is drug that is preferentially delivered to the
mitochondria of a cell. For example, in some embodiments, the drug unit is a heat shock protein
p90 (HSP90) inhibitor, pyruvate dehydrogenase kinase modulator, SIRT1 modulator,
mitochondrial estrogen receptor ligand, mtDNA synthesis modulator, modulator of mtDNA
fidelity, mitochondrial pol theta modulator, cyclophilin modulator, mitochondrial metabolism
modulator, hexokinase modulator, lactate dehydrogenase modulator, glucose-6-phosphate
modulator, kynurenine 3-monooxygenease modulator, AMP-activated protein kinase modulator,
POLRMT modulator, or PINK1 modulator.

[0060] In some embodiments, the drug unit is an HSP9O0 inhibitor. In some
embodiments, the HSP90 inhibitor includes luminespib, ganetespib, onalespib, SNX-2112,
SNX-5422, KW2478, NMS-E973, VER-49009, or VER-50589. In some embodiments, the
HSP90 inhibitor is luminespib.

[0061] In an aspect of the invention, there is provided a compound having a structure

according to Formula [
S ~ / R1
/ S
R2
(M
where R, is a mitochondrial targeting portion; R; is a cargo portion including a drug unit; and
each carbon atom bonded to the disulfide is, independently, unsubstituted; mono- or di-
substituted by, independently, a hydroxyl, amino, fluoro, chloro, bromo, C;-C,4 alkyl, C4-C,4
alkenyl, C4-C, alkynyl, C3-Cq cycloalkyl, C;-Csg cycloalkenyl, or pheny! group; or di-substituted

such that the carbon atom bonded to the disulfide forms part of a C5-Cg cycloalkyl, or C;-Cs
cycloalkenyl group.

[0062] In some embodiments, the mitochondrial targeting portion includes a
mitochondrial penetrating peptide (MPP), a triphenylphosphonium (TPP), a transactivator of
transcription peptide fused mitochondrial targeting sequence (TAT-MTS), a mitochondrial

protein, or a small molecule with mitochondrial localization.
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[0063] In some embodiments, R, has a structure according to Formula l:

m
Mpp 5\
R3 Rg

)

wherein R; and R, are, independently, hydrogen, hydroxyl, amino, fluoro, chloro, bromo, C;-C,4
alkyl, C4-C, alkenyl, C4-C, alkynyl, C5-Cg cycloalkyl, C;-Cg cycloalkenyl, or phenyl; or Rz and Ry
together form C;-Cs cycloalkyl, or C3-Cg cycloalkenyl; and m is an integer from 0 to 8.

[0064] In some embodiments, the MPP has a structure according to Formula lla:

HN NH2 HN NHZ HN NH2

SR

(lla).

[0065] In some embodiments, R, has a structure according to Formula Ill:

RsR
0. \IG

Drug N
1S

()

where Rs and Rg are, independently, hydrogen, hydroxyl, amino, fluoro, chloro, bromo, C;-C,
alkyl, C4-C,4 alkenyl, C,-C, alkynyl, C;-C; cycloalkyl, C;-Cs cycloalkenyl, or phenyl; or Rs and Rg
together form C;3-Cg cycloalkyl, or C;-Cg cycloalkenyl; n is an integer from 1 to 4; and Drug is the
drug unit.

[0066] According to a further aspect, there is provided a pharmaceutical composition
comprising the compound described herein and a pharmaceutically acceptable carrier. As used

herein, "pharmaceutically acceptable carrier" means any and all solvents, dispersion media,
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coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the
like that are physiologically compatible. Examples of pharmaceutically acceptable carriers
include one or more of water, saline, phosphate buffered saline, dextrose, glycerol, ethanol and
the like, as well as combinations thereof. In many cases, it will be preferable to include isotonic
agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the
composition. Pharmaceutically acceptable carriers may further comprise minor amounts of
auxiliary substances such as wetting or emulsifying agents, preservatives or buffers, which

enhance the shelf life or effectiveness of the pharmacological agent.

[0067] According to a further aspect, there is provided the compound described herein
for use in the treatment of cancer, a microbial infection, a neurodegenerative disorder, a

metabolic disorder, or a mitochondrial disease.

[0068] According to a further aspect, there is provided the compound described herein
for use in the preparation of a medicament for the treatment of cancer, a microbial infection, a

neurodegenerative disorder, a metabolic disorder, or a mitochondrial disease.

[0069] The following examples are illustrative of various aspects of the invention, and do

not limit the broad aspects of the invention as disclosed herein.

Examples
Materials and Methods

[0070] Disulfides were used as a basis for a releasable linker due to the presence of
reducing agents, particularly glutathione, in the cell while being relatively scarce in the external
environment (see, e.g. reference 13, listed below). These properties have been used
successfully by a number of peptide based cytosolic delivery agents (see, e.g. references 14,
15, listed below). As relative concentrations of glutathione in the mitochondrial matrix and the
cytoplasm are similar (see, e.g. reference 16, listed below), the stability of a disulfide-based
linker as it passes through the cytoplasm was tested and optimized. A reporter system for linker
stability (Figure 2) was developed by combining a MPP (Z)-conjugated fluorophore (Y) with a
fluorescence quencher (X) linked by a disulfide bond. Proximity-based quenching of the
fluorescence occurs when the linker is intact, but is disrupted upon disulfide cleavage, leading to

a fluorescence turn-on signal.
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General Peptide Synthesis

[0071] Solid phase peptide synthesis was performed on Rink amide MBHA resin
(Novabiochem, UK) using a Prelude Protein Technologies peptide synthesizer as described
previously [1]. Fx = L-cyclohexylalanine, r = N“-(2,2,4,6,7-pentamethyldihydrobenzofuran-5-
sulfonyl)-D-arginine, K(Mtt) = N-g-4-methyltrityl-L-lysine.

Synthesis of S-trityl-2-mercaptoproprionic acid

[0072] 10 mmol 2-mercaptoproprionic acid (Sigma-Aldrich, St. Louis MO) was dissolved
in 5 mL dichloromethane (DCM) with trityl-chloride (1.1 eq, Sigma-Aldrich). The reaction was
mixed for 72 hours, dried, and purified using RP-HPLC on a C18 column with an
Acetonitrile/H,O gradient with 0.1% TFA. The compound was identified by DART mass
spectrometry, expected m/z = 347.11, found m/z = 347.1.

Synthesis of Compound 1

[0073] 25 pmol of NHy-Fx-r-Fx-r-Fx-r on resin was reacted with N-a-Fmoc-N-¢g-4-
methyltrityl-L-lysine (4 eq, ChemPep Inc.), O-(benzotriazol-I-yl)-N,N,N’,N’-tetramethyl-uronium
hexafluorophosphate (HBTU, 4 eq, Protein Technologies, Tucson AZ), and N,N-
diisopropylethylamine (DIPEA, 8 eq, Sigma-Aldrich) in 1 mL N,N- dimethyl formamide (DMF) for
2 hours at room temperature. The resin was washed twice with DMF, methanol (MeOH), and
DCM and deprotected using trifluoroacetic acid:triisopropylsilane:DCM (3:3:94, 2 x 15 minutes).
The beads were washed then reacted with BHQ-2 carboxylic acid (2 eq, BioSearch
Technologies, Petaluma CA), PyBOP (2 eq, ChemPep Inc.), and DIPEA (4 eq) in 1 mL DMF
overnight. The peptide was washed and deprotected twice with 1 mL 20% piperidine in DMF
(Protein Technologies) for 20 minutes. The peptide was lyophilized and reacted with 5-
Carboxytetramethylrhodamine (2 eq, Anaspec, Freemont, CA), HBTU (2 eq), and DIPEA (4 eq)
in 0.5 mL DMF for 2 hours. The peptide was cleaved from resin using trifluoroacetic
acid:triisopropyisilane:water (95:2.5:2.5) and precipitated in ether at -20°C for 1 hour. The
peptide was purified by HPLC, then Iyophilized. The peptide was identified by ESI mass
spectrometry, expected m/z = 1973.09, found m/z = 1973.10.

Synthesis of Compound 2

[0074] 25 umol of NHy-Fx-r-Fx-r-Fx-r on resin was reacted with N-a-Fmoc-S-trityl-L-
cysteine (4 eq, ChemPep Inc., Wellington FL), HBTU (4 eq, Protein Technologies, Tucson AZ),
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and DIPEA (8 eq) in 1 mL N,N- dimethyl formamide (DMF) for 2 hours at room temperature.
The resin was washed twice with DMF, methanol (MeOH), and DCM and deprotected using
trifluoroacetic acid:triisopropylsilane:DCM (3:3:94, 2 x 15 minutes). The beads were then
equilibrated in acetonitrile:water (5:1) for 5 minutes, and cysteamine (20 eq, Sigma-Aldrich) in 1
mL acetonitrile:water (5:1) was added under mixing followed by iodine (10 eq, Sigma-Aldrich).
The reaction was stirred vigorously for 30 minutes, followed washing (2 x DMF/MeOH/DCM).
The beads were then reacted with BHQ-2 carboxylic acid (2 eq), PyBOP (2 eq) and DIPEA (4
eq) in 1 mL DMF overnight. The peptide was washed (2 x DMF/MeOH/DCM) and deprotected
twice with 1mL 20% piperidine in DMF for 20 minutes. The peptide was cleaved from resin
using trifluoroacetic acid:triisopropylsilane:water (95:2.5:2.5) and precipitated in ether at -20°C
fof 1 hour. The peptide was purified using RP-HPLC on a C18 column with a MeCN/H,0O
gradient with 0.1% TFA. The peptide was lyophilized and reacted with 5-
Carboxytetramethylrhodamine (2 eq), HBTU (2 eq), and DIPEA (4 eq) in 0.5 mL DMF for 2
hours. The peptide was re-precipitated in ether at -20°C for 1 hour and then purified using RP-
HPLC. The peptide was identified by ESI mass spectrometry, expected m/z = 2024.03, found
m/z = 2024.03.

Synthesis of Compound 3

[0075] 50 umol of NH,~Fx-r-Fx-r-Fx-r on resin was reacted with Fmoc-N*-Boc-L-2,3-
diaminopropionic acid (4 eq, ChemPep Inc.), HBTU (4 eq), and DIPEA (8 eq) in 1 mL N,N-
dimethyl formamide (DMF) for 2 hours at room temperature. The peptide was washed (2 x
DMF/MeOH/DCM), cleaved from resin using trifluoroacetic acid:triisopropylsilane:water

- (95:2.5:2.5) and precipitated in ether at -20°C for 1 hour. The precipitate was purified by RP-
HPLC, lyophilized, and reacted with S-trityl-2-mercaptoproprionic acid (4 eq), PyBOP (4 eq),
and DIPEA (8 eq) in 0.5 mL DMF. The peptide was re-precipitated in ether and then dried
under vacuum for 1 hour. The peptide was deprotected using 0.5 mL trifluoroacetic
acid:triisopropylsilane:DCM (5:3:92, 15 minutes), precipitated in ether, and purified by HPLC.
The peptide was dried under vacuum and dissolved in 0.5 mL acetonitrile:water (5:1).
Cysteamine (20 eq) was added to the reaction mixture followed by iodine (10 eq) and the
reaction was stirred for 30 minutes. The reaction mixture was precipitated in ether, and purified
by HPLC. The peptide was lyophilized and reacted with BHQ-2 carboxylic acid (2 eq), PyBOP
(2 eq), and DIPEA (4 eq) overnight in 0.5 mL DMF. The peptide was precipitated in ether, dried,
and deprotected in 1mL 20% piperidine in DMF for 20 minutes. The peptide was purified by
HPLC, lyophilized, and reacted with 5-Carboxytetramethylrhodamine (2 eq), HBTU (2 eq), and
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DIPEA (4 eq) in 0.5 mL DMF for 2 hours. The peptide was precipitated in ether and purified by
HPLC. The peptide was identified by ESI mass spectrometry, expected m/z = 2094.07, found
m/z = 2094.07.

Synthesis of Compound 4

[0076] 25 pumol of NHp-Fx-r-Fx-r-Fx-r on resin was reacted with Fmoc-S-trityl-L-
penicillamine (4 eq, ChemPep Inc.), HBTU (4 eq), and DIPEA (8 eq) in 1 mL N,N- dimethyl
formamide (DMF) for 2 hours at room temperature. The peptide was then reacted identically as
Compound 2. The peptide was identified by ESI mass spectrometry, expected m/z = 2051.06,
found m/z = 2051.06.

Synthesis of Compound 5

[0077] 25 umol of NHy-Fx-r-Fx-r-Fx-r on resin was reacted with S-trityl-2-
mercaptoproprionic acid (4 eq), PyBOP (4 eq), and DIPEA (8 eq) in 1 mL DMF. The peptide
was washed (2 x DMF/MeOH/DCM), cleaved from resin using trifluoroacetic
acid:triisopropylsilane:water (95.:2.5:2.5) and precipitated in ether at -20°C for 1 hour. The
precipitate was purified by RP-HPLC, dried under vacuum and dissolved in 0.5 mL
acetonitrile:water (5:1). 2-mercpatoethanol (20 eq, Sigma-Aldrich) was added to the reaction
mixture followed by iodine (10 eq) and the reaction was stirred for 30 minutes. The peptide was
purified by HPLC and lyophilized. 5-(2,4-Dihydroxy-5-isopropylphenyl)-N-ethyl-4-(4-
(morpholinomethyl)phenyl)isoxazole-3-carboxamide (Luminespib, 3 eq, Adooq Bioscience,
Irvine CA) was reacted with N,N'-Disuccinimidyl carbonate (3 eq, Sigma-Aldrich) and 4-
(Dimethylamino)pyridine (12 eq, Sigma-Aldrich) in 0.4 mL DMF for 1 hour. The peptide was
dissolved in 0.1 mL DMF and added to the reaction mixture and the solution was left stirring
overnight. The peptide was precipitated in ether and purified by HPLC. Two isomers were
identified during HPLC purification, likely due to attachment to either of the two resorcinol
hydroxyls. The earlier eluting isomer was purified and tested due to its higher relative
abundance. The solution was frozen in dry ice as the compound eluted from the column and
lyophilized. The peptide was identified by ESI mass spectrometry, expected m/z = 1599.88,
found m/z = 1599.88. The peptide was quantified via absorbance spectrophotometry using a
SpectraMax M5 spectrophotometer. The absorbance profile of Compound § was found to be
shifted as compared to Luminespib itself, therefore the peptide was quantified by cleavage in 25
mM TCEP in PBS pH 7.4 for 10 minutes, then measuring free Luminespib absorbance at 305
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nm with an extinction coefficient of 8520 M'cm™. TCEP was not found to affect the extinction

coefficient of Luminespib.

Synthesis of Compound 6

[0078] 25 umol of NH,-Fx-r-Fx-r-Fx-r on resin was reacted with 3-[2-(2-
Bromoethoxy)ethoxy]propanoic acid (4 eq, BroadPharm, San Diego CA), HBTU (4 eq), and
DIPEA (8 eq) in 1 mL DMF. The peptide was washed (2 x DMF/MeOH/DCM), cleaved from
resin using trifluoroacetic acid:triisopropylsilane:water (95:2.5:2.5) and precipitated in ether at -
20°C for 1 hour. The precipitate was purified by RP-HPLC, lyophilized, and dissolved in 1 mL
DMF. Luminespib (2 eq), and solid potassium carbonate (10 eq, Sigma-Aldrich) was added to
the reaction mixture. The suspension was stirred overnight, filtered, then precipitated in ether
and purified by HPLC. Two isomers were identified during HPLC purification, likely due to
attachment to either of the two resorcinol hydroxyls. The earlier eluting isomer was purified and
tested due to its higher relative abundance. The peptide was identified by ESI mass
spectrometry, expected m/z = 1551.97, found m/z = 1551.97. The absorbance profile of
Compound 6 was not found to be shifted as compared to Luminespib itself, therefore the
peptide was quantified by measuring Luminespib absorbance at 305 nm with an extinction
coefficient of 8520 M'em™.

Synthesis of Fluorescently Labelled Compound 5

[0079] 25 pymol of NH,-Fx-r-Fx-r-Fx-r-K(Mtt) on resin was reacted with S-trityl-2-
mercaptoproprionic acid (4 eq), PyBOP (4 eq), and DIPEA (8 eq) in 1 mL DMF. The peptide
was washed (2 x DMF/MeOH/DCM) and deprotected with trifluoroacetic
acid:triisopropylsilane:DCM (5:3:92, 2 x 15 minutes). The peptide washed and equilibrated in
acetonitrile:water (5:1). Cysteamine (20 eq) was dissolved in 1 mL acetonitrile:water (5:1) and
added to the reaction mixture followed by iodine (10 eq). The reaction was stirred for 30
minutes. The peptide was washed (2 x DMF:MeOH:DCM) and reacted with 5-
Carboxytetramethylrhodamine (2 eq), HBTU (2 eq), and DIPEA (4 eq) in 0.5 mL DMF for 2
hours. The peptide was washed, cleaved from resin using trifluoroacetic
acid:triisopropylsilane:water (95:2.5:2.5) and precipitated in ether at -20°C for 1 hour. The
precipitate was purified by HPLC and lyophilized. 5-(2,4-Dihydroxy-5-isopropylphenyl)-N-ethyl-
4-(4-(morpholinomethyl)phenyl)isoxazole-3-carboxamide (Luminespib, 3 eq, Adooq Bioscience,
Irvine CA) was reacted with N,N'-Disuccinimidyl carbonate (3 eq, Sigma-Aldrich) and 4-
(Dimethylamino)pyridine (12 eq, Sigma-Aldrich) in 0.4 mL DMF for 1 hour. The peptide was
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dissolved in 0.1 mL DMF and added to the reaction mixture and the solution was left stirring
overnight. The peptide was precipitated in ether and purified by HPLC. The earlier eluting
isomer was purified and tested due to its higher relative abundance. The solution was frozen in
dry ice as the compound eluted from the column and Iyophilized. The peptide was identified by
ESI mass spectrometry, expected m/z = 2140.12, found m/z = 2140.12. The peptide was
quantified using the 5-Carboxytetramethylrhodamine absorbance at 547 nm with an extinction
coefficient of 92000 M'cm’™.

Synthesis of Aminocoumarin Peptide

[0080] 25 umol of NHo-Fx-r-Fx-r-Fx-r on resin was reacted with S-trityl-2-
mercaptoproprionic acid (4 eq), PyBOP (4 eq), and DIPEA (8 eq) in 1 mL DMF. The peptide
was washed (2 x DMF/MeOH/DCM), cleaved from resin using trifluoroacetic
acid:triisopropylsilane:water (95:2.5:2.5) and precipitated in ether at -20°C for 1 hour. The
precipitate was purified by RP-HPLC, dried under vacuum and dissolved in 0.5 mL
acetonitrile:water (5:1). 2-mercpatoethanol (20 eq, Sigma-Aldrich) was added to the reaction
mixture followed by iodine (10 eq) and the reaction was stirred for 30 minutes. The peptide was
purified by HPLC and lyophilized. 7-amino-4-methylcoumarin (3 eq, Sigma-Aldrich) was reacted
with N,N'-Disuccinimidyl carbonate (3 eq, Sigma-Aldrich) and 4-(Dimethylamino)pyridine (6 eq,
Sigma-Aldrich) in 0.4 mL DMF for 2 hours. The peptide was dissolved in 0.1 mL DMF along
with 4-(Dimethylamino)pyridine (6 eq) and added to the reaction mixture and the solution was
left stirring overnight. The compound was purified via HPLC and lyophilized. The peptide was
identified by ES| mass spectrometry, expected m/z = 1309.72, found m/z = 1309.72. The
peptide was quantified using the 7-amino-4-methylcoumain absorbance at 340 nm with an

extinction coefficient of 10389 M'cm™ in methanol.
Synthesis of BIIB021 Peptide

[0081] 25 umol of NHy-Fx-r-Fx-r-Fx-r on resin was reacted with Fmoc-S-trityl-L-
penicillamine (4 eq, ChemPep Inc.), HBTU (4 eq), and DIPEA (8 eq) in 1 mL N,N- dimethyl
formamide (DMF) for 2 hours at room temperature. The peptide was washed (2 x
DMF/MeOH/DCM), cleaved from resin using trifluoroacetic acid:triisopropylsilane:water
(95:2.5:2.5) and precipitated in ether at -20°C for 1 hour. The precipitate was purified by RP-
HPLC, dried under vacuum and dissolved in 0.5 mL acetonitrile:water (5:1). 2-mercpatoethanol
(20 eq, Sigma-Aldrich) was added to the reaction mixture followed by iodine (10 eq) and the
reaction was stirred for 30 minutes. The peptide was purified by HPLC and lyophilized.
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BIIB021 ((6-chloro-9-[(4-methoxy-3,5-dimethyl-2-pyridyl)methyl]-9H-purin-2-amine), 2 eq,
Selleck Chemicals, Houston TX) was dissolved in 0.2 mL DCM along with 4-
(Dimethylamino)pyridine (4 eq). The solution was chilled to -10°C, and Triphosgene (0.71 eq,
Sigma-Aldrich) was added and stirred for 10 minutes. The peptide was dissolved in 0.2 mL
DMF and added to the solution, followed by stirring overnight at room temperature. The
compound was purified via HPLC and lyophilized. The peptide was identified by ESI mass
spectrometry, expected m/z = 1537.80, found m/z = 1537.82. The peptide was quantified using
the BIIB021 absorbance at 310 nm with an extinction coefficient of 8295 M'cm™ in PBS
following overnight cleavage by 50 mM TCEP as the characteristic BIIB021 absorbance was
found to shift while attached to the peptide.

Example 1

[0082] Three linkers featuring thiols with differing levels of substitution were tested to
determine their effect on the modulation of intracellular stability to identify which structure would
maximize delivery of small molecule cargo. Three reporter conjugates featuring the different
linkages (Compounds 2-4, Figure 2) were synthesized and compared against an uncleavable

control (Compound 1).

[0083] The in vitro cleavage of the compounds were assessed to determine their relative
stabilities (Figure 3A). The fluorescence of the compounds in buffered solution in the presence
of dithiothreitol was monitored over a period of 2.5 hours. Compound 1 did not exhibit any
increases in fluorescence, as expected from the inclusion of an uncleavable linker in this
conjugate. Compound 4, which included a di-substituted carbon proximal to the disulfide,
exhibited the slowest cleavage kinetics. Compounds 2 and 3, bearing unsubstituted and mono-
substituted carbons next to the disulfide, respectively, exhibited faster cleavage kinetics, with
compound 2 being cleaved with 10 minutes and compound 3 requiring approximately 45

minutes.

[0084] When fluorescence recovery correlated with linker cleavage was monitored in
cellulo, a similar trend was observed (Figure 3B). Cells were incubated with the compounds and
the fluorescence of cell lysates was monitored over 48 hours. Compound 2 exhibited the fastest
fluorescence recovery kinetics with saturation being reached in about 20 hours. However, this
compound also exhibited measurable levels (10%) of cleavage directly following treatment,

possibly suggesting cytosolic cleavage making it less attractive for mitochondrial delivery
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applications. The mono- and di-substituted conjugates exhibited lower levels of initial cleavage,

and reached saturation over ~ 48 hours.

[0085] The time-dependence of linker cleavage was also confirmed visually using
fluorescence microscopy. In experiments where all imaging conditions were held constant over
the time course, all three disulfide-containing reporters exhibited a time dependent increase in
fluorescence over time as opposed to the uncleavable control (Figure 4). These results indicate
that all three of these disulfides can be used for mitochondrial delivery, depending on the
desired cleavage kinetics. The mono-substituted linker was prioritized as a platform for further
development as it had low pre-incubation cleavage while still releasing the majority of its cargo

within 24 hours.

[0086] The extent of mitochondrial localization for the three disulfide linked compounds
was also assessed (Figure 5). When compared to a known mitochondrial stain (mitotracker
deep red), all three of the disulfide-linked compounds exhibited high levels of co-localization.
The extent of co-localization was assessed quantitatively through the calculation of Pearson’s

correlation coefficients, and the values were above 0.75 for all three conjugates.
Example 2

[0087] To showcase the ability of this linker chemistry to release cargo into the
mitochondrial matrix, the HSP90 inhibitor luminespib was used as a test cargo. HSP90 inhibitors
have attracted intense pharmacological interest due to their chemotherapeutic properties and
their lack of toxicity to non-cancer cells (see, e.g. reference 18, listed below). A humber of
HSP90 inhibitors have been developed in recent years targeting the cytoplasmic HSP90 pools
of cancer cells. Inhibition of cytoplasmic HSP90 has been previously shown to cause arrest of
cancer cell growth by antagonizing the stabilizing effect of HSP90 on signaling proteins involved
in cancer cell growth and survival (see, e.g. reference 19, listed below). However, induction of
cell death by cytoplasmic HSP90 inhibition has been found to be inconsistent, with some
compounds inducing cell death in some cell lines and growth arrest in others (see, e.g.
reference 20, listed below). This has led to difficulties in the clinical application of HSP90
inhibitors, especially as single agents (see, e.g. reference 21, listed below). Recent studies
exploring HSP9O0 inhibitors delivered to the mitochondrial matrix via cationic vectors have
suggested that inhibition of mitochondrial HSP90 and TRAP-1, a mitochondrial analogue, can
more consistently and rapidly induce cell death via induction of apoptosis (see, e.g. references
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22 and 23, listed below). However, IC50 values for the best characterized mitochondrial HSP90
inhibitors are relatively high (~ 10 pM), indicating that cationic vectors may not lead to optimal

efficacy.

[0088] The HSP90 inhibitor luminespib was chosen as a candidate for the traceless
linker approach. This compound has not previously been tested for mitochondrial activity
because the functional groups that could be used for conjugation of a delivery vector are also
involved directly in protein binding (see, e.g. reference 24, listed below). Luminespib was
conjugated to a mitochondria-penetrating peptide via a mono-substituted disulfide as shown in
Figure 6A (compound 5). A non-cleavable analogue (compound 6) was also generated as
shown in Figure 6B. The structure of native luminespib is seen in Figure 6C. The structure of the
linker with the mitochondrial targeting vector is shown in Figure 6D. The chemical structure of
the fluorescently labelled analogue of compound 5 is shown in Figure 6E. Cleavage of the
disulfide linker in compound 5 by glutathione in the mitochondrial matrix was designed to trigger
the release and regeneration of Luminespib through self-immolation of the thiol-carbonate
(Figure 6F). The regeneration of Luminespib after linker cleavage was shown to occur rapidly
(Figure 9), and mitochondrial localization of a fluorescently-labeled analogue was confirmed
(Figure 6G).

[0089] Leukemia cells treated with compound 5 exhibited a time dependent increase in
cell toxicity over 48 hours (Figure 7A) which was distinct from the growth inhibition induced by
luminespib alone (Figure 10). In contrast, the uncleavable compound 6 exhibited low levels of
toxicity that remained static over time (Figure 7B). At two hours, only a small amount of
Luminespib would have been generated from compound 5, and the similarity between the
toxicity between the two peptides suggests that the effects observed are from nonspecific
toxicity of the peptides themselves, rather than an effect from the released Luminespib.
Conversely, the time-dependent t&xicity observed only with compound 5, and not the
uncleavable compound 6, suggests that the difference in effects between the peptides is due to

the cleavage and regeneration of Luminespib.

[0090] In order establish that the mechanism of cytotoxicity of mitochondrially-targeted
luminespib (compound 5) was linked to mitochondrial effects, the mode of cell death was
monitored (Figure 8A), effects on mitochondrial mass (Figure 8B), and mitochondrial
depolarization (Figure 8C). As controls, the parent compound luminespib (Figure 8C, compound
7), and the empty disulfide vector (Figure 6D) were also tested. The cells were treated with 2.5
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MM of each compound. Compound 5 produced significant populations of early and late apoptotic
cells after 24 hours as visualized by annexin V staining, as opposed to the parent compound
and the peptide controls which exhibited no increase when tested (Figure 8A). In addition,
cotreatment of the parent compound with either the uncleavable compound 6 or the empty
vector did not induce apoptosis, indicating that the effects observed with mitochondrially
targeted Luminespib were not due to a nonspecific synergistic effect between the peptide and
cytosolic HSP9O0 inhibition by luminespib. The mitochondrial mass of cells treated with the
mitochondrially-targeted luminespib (compound 5) exclusively exhibited an increase in
mitochondrial mass at 24 hours (Figure 8B). These results suggest a cleavage specific induction
of mitochondrial swelling, an indicator of mitochondrial toxicity and mitochondrial dependent
apoptosis (see, e.g. reference 25, listed below). Cells treated with mitochondrially-targeted
luminespib (compound 5) also exhibited mitochondrial depolarization, suggesting compromised
mitochondrial integrity (Figure 8C). In both experiments, no induction of mitochondrial
dysfunction was observed in any of the control compounds, suggesting the effects induced by
mitochondrially-targeted luminespib (compound 5) derived free luminespib generated in the

mitochondrial matrix and not from the vector itself.
Example 3

[0091] In order to establish the ability of the linker system to be used with compounds
containing amine groups, a mitochondrially targeted 7-amino-4-methylcoumarin conjugate was
synthesized using the releasable linker (Figure 11). The extent of mitochondrial localization of
the releasable aminocoumarin peptide was assessed (Figure 12). When compared to a known
mitochondrial stain (mitotracker deep red), the compound exhibited high levels of co-
localization. The extent of co-localization was assessed quantitatively through the calculation of
Pearson'’s correlation coefficient, and the values was found to be 0.73 for the conjugate. The
regeneration of 7-amino-4-methylcoumarin after linker cleavage was shown to occur within 4

hours of linker cleavage (Figure 13).
Example 4

[0092] A mitochondrially targeted BIIB021 conjugate was synthesized using the
releasable linker (Figure 14). The regeneration of BIIB021 after linker cleavage was shown to

occur within 4 hours of linker cleavage (Figure 15).
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[0093] These results show a system for chemical cargo release from mitochondria-
targeting vectors using a flexible and enzyme-independent platform. This strategy may be used
to localize compounds to the mitochondria which have functional groups that otherwise make
them incompatible with targeting vectors. The results also show that the kinetics of the chemical
cleavage of disulfide linkers in the mitochondria differ than what would be expected from in vitro
data, and outline a reporter system that can be used to determine linker stability in the
mitochondria.

[0094] Although preferred embodiments of the invention have been described herein, it
will be understood by those skilled in the art that variations may be made thereto without
departing from the spirit of the invention or the scope of the appended claims. All references

disclosed herein are incorporated in the entirety by reference.
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WHAT IS CLAIMED IS:
1. A compound comprising:
a mitochondrial targeting portion;
a cargo portion including a drug unit; and

a linker conjugating the mitochondrial targeting portion and the cargo portion, the linker
portion cleavable in a mitochondrion of a cell for preferentially releasing the cargo

portion within the mitochondrion as compared to a cytoplasm of the cell.
2. The compound of claim 1, wherein the linker portion comprises disulfide.

3. The compound of claim 2, wherein each carbon atom bonded to the disulfide is,
independently, unsubstituted; mono- or di-substituted by, independently, a hydroxyl, amino,
fluoro, chloro, bromo, C;-C, alkyl, C4-C, alkenyl, C;-C4 alkynyl, Cs-Cg cycloalkyl, C;-Cs
cycloalkenyl, or phenyl group; or di-substituted such that the carbon atom bonded to the

disulfide forms part of a C;-Cg cycloalkyl, or C;-Cg cycloalkenyl.

4, The compound of any one of claims 1 to 3, wherein the drug unit includes a hydroxyl,

amine or thiol group.

5. The compound of any one of claims 1 to 3, wherein the cargo portion includes an auto-

cyclization moiety that activates by the cleavage of the linker to release the drug unit.

6. The compound of claim 5, wherein the auto-cyclization moiety includes an ester moiety

that reacts with a moiety of the cleaved linker portion.

7. The compound of claim 6, wherein the moiety of the cleaved linker portion that reacts

with the ester moiety is a sulfur moiety.

8. The compound of claim 6 or 7, wherein the drug unit includes an oxygen moiety bonded
to the ester moiety to form a carbonate moiety, wherein the auto-cyclization cleaves the cargo
unit portion at the oxygen-carbon bond of the carbonate moiety such that the oxygen moiety of

the released drug unit forms a hydroxyl group.
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9. The compound of claim 6 or 7, wherein the drug unit includes an nitrogen moiety bonded
to the ester moiety to form a carbamate moiety, wherein the auto-cyclization cleaves the cargo
unit portion at the nitrogen-carbon bond of the carbonate moiety such that the nitrogen moiety of

the released drug unit forms an amine group.

10. The compound of any one of claims 1 to 4, wherein the drug unit includes a portion of

the cleaved linker.

11. The compound of claim 10, wherein the portion of the cleaved linker includes a thiol
group.

12. The compound of any one of claims 1 to 11, wherein the drug unit includes a heat shock
protein 90 (HSP90) inhibitor, pyruvate dehydrogenase kinase modulator, SIRT1 modulator,
mitochondrial estrogen receptor ligand, mtDNA synthesis modulator, modulator of mtDNA
fidelity, mitochondrial pol theta modulator, cyclophilin modulator, mitochondrial metabolism
modulator, hexokinase modulator, lactate dehydrogenase modulator, glucose-6-phosphate
modulator, kynurenine 3-monooxygenease modulator, AMP-activated protein kinase modulator,
POLRMT modulator, or PINK1 modulator.

13. The compound of claim 12, wherein the HSP90 inhibitor is luminespib, ganetespib,
onalespib, SNX-2112, SNX-5422, KW2478, NMS-E973, VER-49009, or VER-50589.

14. The compound of claim 13, wherein the HSP90 inhibitor is luminespib.

15. The compound of any one of claims 1 to 14, wherein the drug unit includes a small

molecule drug.
16. The compound of any one of claims 1 to 12, wherein the drug unit includes a peptide.
17. The compound of claim 16, wherein the peptide has from 3-mer to 30-mer units.

18. The compound of any one of claims 1 to 17, wherein the mitochondrial targeting portion
comprises a mitochondrial penetrating peptide (MPP), a triphenylphosphonium (TPP), a
transactivator of transcription peptide fused mitochondrial targeting sequence (TAT-MTS), a

mitochondrial protein, or a small molecule with mitochondrial localization.

19. The compound of claim 18, wherein the MPP is lipophilic and cationic.
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20. The compound of claim 18 or 19, wherein the MPP is adapted to traverse an inner

membrane of the mitochondria.

21. The compound of claim 20, wherein the MPP the traverses the membrane in a potential

dependent manner.

22. The compound of claim any one of claims 18 to 21, wherein the MPP comprises at least
one charged amino acid residue and at least one hydrophobic amino acid residue.

23. The compound of claim 22, wherein each of the at least one charged amino acid residue

is independently chosen from lysine and arginine.

24, The compound of claim 22 or 23, wherein each of the at least one hydrophobic amino
acid residue is independently chosen from phenylalanine (F), cyclohexylalanine (Fy), 2-

aminooctanoic acid (Hex), diphenylalanine (DIF) and (1-naphthyl)-L-alanine (Nap).

25. The compound of any one of claims 18 to 24, wherein the MPP comprises at least one

amino acid residue modified to provide intracellular stability.
26. The compound of claim 25, wherein the MPP comprises a d-stereoisomer.
27. The compound of claim 25 or 26, wherein the MPP comprises an amide terminus.

28. The compound of any one of claims 18 to 27, wherein the MPP comprises a charge of

+3 and a log P value of at least about -1.7.

29. The compound of any one of claims 18 to 28, wherein the MPP comprises a charge of +5

and a log P value of at least about -2.5.

30. The compound of any one of claims 18 to 29, wherein the MPP comprises the amino
acid sequence: Fy-r-F,-r-Fy-r; Fy-r-Fy-K; Fy-r-Fy-K-F,-r-F-K; F-r-F-K-F-r-F,-K; F-r-F,-K; F-r-DIF-
K; F-r-Nap-K; F-r-HEX-K; (Fy-r)4; or (F-r-G-r)3;

wherein F, is cyclohexylanine, r is d-arginine, Nap is (1-naphthyl)-L-alanine, HEX is 2-
aminooctanoic acid, DIF is diphenylalanine, K is lysine, and G is glycine.

31. The compound of claim 30, wherein the MPP comprises the amino acid sequence Fy-r-
Fy-r-Fyr.
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32. The compound of any one of claims 1 to 31, wherein the linker portion is preferentially

cleavable in the cell as compared to an extra-cellular region.

33. The compound of any one of claims 1 to 32, wherein the linker is cleavable by a

glutathione, cellular thiol, cellular antioxidant, reducing agent, or any combination thereof.
34. The compound of claim 33, wherein the linker is cleavable by glutathione.

35. A compound having a structure according to Formula I:
S ~ / R1
/ S
Rz

(1
wherein R, is a mitochondrial targeting portion;
Rz is a cargo portion including a drug unit; and

each carbon atom bonded to the disulfide is, independently, unsubstituted; mono- or di-
substituted by, independently, a hydroxyl, amino, fluoro, chloro, bromo, C;-Cy4 alkyl, C+-C,4
alkenyl, C-C,4 alkynyl, Cs-Cg cycloalkyl, C5-Cg cycloalkenyl, or phenyl group; or di-substituted
such that the carbon atom bonded to the disulfide forms part of a C3-C; cycloalkyl, or Cs-Cs

cycloalkenyl group.

36. The compound of claim 35 wherein the mitochondrial targeting portion includes a
mitochondrial penetrating peptide (MPP), a triphenylphosphonium (TPP), a transactivator of
transcription peptide fused mitochondrial targeting sequence (TAT-MTS), a mitochondrial

protein, or a small molecule with mitochondrial localization.

37. The compound of claim 35 or 36 wherein R, has a structure according to Formula ll:
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i«lr;\ .
R;Ry

MPP

(1)

wherein R; and R, are, independently, hydrogen, hydroxyl, amino, fluoro, chloro, bromo, C;-C,
alkyl, C4-C, alkenyl, C4-C, alkynyl, C3-Cs cycloalkyl, C3-Cs cycloalkenyl, or phenyl; or R; and R,
together form C,-Cg cycloalkyl, or C;-Cg cycloalkenyl; and m is an integer from 0 to 8.

38. The compound of claim 37 wherein the MPP has a structure according to Formula lla:

HNYNHZ HNYNHZ HNYNHQ

NH NH NH

-7 u\" /s, E‘\" 4, {:]‘\" 2
O O O

(la)

39. The compound of any one of claims 35 to 38, wherein R, has a structure according to
Formula Ill:

(i)

wherein Rs and Rg are, independently, hydrogen, hydroxyl, amino, fluoro, chloro, bromo, C;-C,
alkyl, C4-C, alkenyl, C4-C, alkynyl, C;-Csq cycloalkyl, C3-Cs cycloalkenyl, or phenyl; or Rs and Rg
together form C;-Cg cycloalkyl, or C;-Cg cycloalkenyl;

nis an integer from 1 to 4; and
Drug is the drug unit.
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40. The compound of any one of claims 35 to 39, wherein the drug unit includes a heat
shock protein 90 (HSP90) inhibitor, pyruvate dehydrogenase kinase modulator, SIRT1
modulator, mitochondrial estrogen receptor ligand, mtDNA synthesis modulator, modulator of
mtDNA fidelity, mitochondrial pol theta modulator, cyclophilin modulator, mitochondrial
metabolism modulator, hexokinase modulator, lactate dehydrogenase modulator, glucose-6-
phosphate modulator, kynurenine 3-monooxygenease modulator, AMP-activated protein kinase
modulator, POLRMT modulator, or PINK1 modulator.

41. The compound of claim 40, wherein the HSP90 inhibitor is luminespib, ganetespib,
onalespib, SNX-2112, SNX-5422, KW2478, NMS-E973, VER-49009, or VER-50589.

42. The compound of claim 41, wherein the HSP90 inhibitor is luminespib.

43. The compound of any one of claims 35 to 42, wherein the drug unit includes a small

molecule drug.
44, The compound of any one of claims 35 to 40, wherein the drug unit includes a peptide.
45, The compound of claim 44, wherein the peptide has from 3-mer to 30-mer units.

46. A compound as defined in any one of claims 1 to 45, wherein the drug unit is for the
treatment of cancer, a microbial infection, a neurodegenerative disorder, a metabolic disorder,

or a mitochondrial disease.

47. The compound of claim 46 for use in the treatment of cancer, a microbial infection, a

neurodegenerative disorder, a metabolic disorder, or a mitochondrial disease.

48. Use of a compound as defined in claim 46 in the preparation of a medicament for the
treatment of cancer, a microbial infection, a neurodegenerative disorder, a metabolic disorder,

or a mitochondrial disease.
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