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PEPTIDE CONJUGATES OF MICROTUBULE-TARGETING AGENTS AS
THERAPEUTICS

FIELD OF THE INVENTION
The present invention relates to peptide conjugates of microtubule-targeting agents such

as maytansinoid derivatives which are useful for the treatment of diseases such as cancer.

BACKGROUND OF THE INVENTION

Cancer is a group of diseases characterized by aberrant control of cell growth. The
annual incidence of cancer 1s estimated to be in excess of 1.6 nmullion in the United States alone.
While surgery, radiation, chemotherapy, and hormones are used to treat cancer, it remains the
second leading cause of death m the U.S. It 1s estimated that about 600,000 Americans will die
from cancer each year,

Treatment of cancer in hurnans by systemic admimstration of pharmaceutical agents
often functions by slowing or terminating the uncontrolled replication that is a characteristic of
cancer cells. One class of such agents 1s microtubule-targeting agents. Cell division requires
formation of an intact mitotic spindle apparatus, composed of microtubules undergoing random
{ength changes. The random length changes of microtubules 1s referred to as dynamic instability.
Distuption of the dynamic instability of microtubules can lead to the suppression of further cell
division. Dirugs that target microtubules 1o suppress dynamic nstability are currently used in the
clmnic as effective anticancer agents for a wide variety of cancers. See Lopus, M, Cancer Lett,,
2011, 307(2): 113-118.

The maytansinoids, (e.g., mertansine, DM, or BM4) are a class of microtubule-targeting
agents that have emerged as potential clinical chemotherapeutics. See Lopus, M, Cancer Lett
2011, 307(2) 113-118; and Widdison, W, J. Med. Chem. 2006, 49:4392-4408 Although DM]1
has been shown to be effective in the treatment of several types of cancer, including lymphoma
and breast cancer, toxic side effects such as peripheral neuropathy have hindered the clinical
development of tubulin-targeting agents such as the maytansinoids. Preferential delivery of
maytansinoid compounds, such as DM, to diseased tissues could avoid these serious side
effects. Thus, there is a need for more selective delivery of maytansinoid compounds to diseased

tissue.
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SUMMARY

The present disclosure provides, infer afia, a compound of Formula {I};

2 eeene } somsrnnnnn 21
RE—L—R"

or a pharmaceutically acceptable salt thereof, wherein constituent variables are defined heremn,

The present disclosure further provides a pharmaceutical composition comprising a
compound of the disclosure, or a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable carrier or excipient.

The present disclosure also provides methods of treating a disease or condition (e.g.,
cancer) by adminustering to a human or other mammal in need of such treatment a
therapeutically effective amount of a compound of the disclosure. In some embodiments, the
disease or condition 1s characterized by acidic or hypoxic diseased tissues.

The present disclosure also provides use of a compound described herein in the
manufacture of a medicament for use in therapy. The present disclosure also provides the
compounds described herein for use in therapy.

The present disclosure also provides methods for synthesizing the compounds of the

disclosure and itermediates useful in these methods.

BRIEF DESCRIPTION OF THE BRAWINGS

FIG. 1 shows a plot of the effect of free DM4 and Compound § on in vitro B-tubulin
polymerization (in terms of relative fluorescence units) at various concentrations.

FI1G. 2 depicts the kinetic analysis of Compound 5 binding to B-tubulin in vitro as
determined by Biacore surface plasmon resonance.

FIG. 3A shows a plot of the mean tumor volume in nude mice bearing HCT116
colorectal flank tumors dosed with DM4 or Compound 5.

FIG. 3B shows the percent change in body weight of nude mice bearing HCT116
colorectal flank tumors dosed with DM4 or Compound 5 relative to day 0.

FIG. 4 depicts a Kaplan-Meter plot of nude mice bearing HCT116 colorectal flank

tumors dosed with DM4 or Compound 5.

o8]
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FIG. 5A depicts the ventral view and extracted lungs of nude mice moculated with 4T1-
RFP fluorescent cells via tail vein injection and imaged 11 days after inoculation and after 3
doses of vehicle or Compound 6.

FIG. 5B depicts a graph of the fluorescent signal from extracted hungs of 4T1-RFP

moculated mice after 3 doses of vehicle or Compound 6.

DETAILED DESCRIPTION

Provided herein is a compound of Formula (1)

R LR 1y
or a pharmaceutically acceptable salt thereof, wherein:
R is a peptide;
R? is a small molecule microtubule targeting motety; and
L is a linker, which is covalently linked to moiety R' and R%.

Provided herein s a compound of Formula (I):

Réw LR 1y
or a pharmaceutically acceptable salt thereof, wherein:
R} is a peptide having 3 to 50 amino acids;
R? is a small molecule microtubule targeting moiety; and

L is a linker, which is covalently linked to moiety R! and R%.

Also provided herein 13 a compound of Formula (I):

Rz"”””’ LWR1 (I)
or a pharmaceutically acceptable salt thereof, wherein:
Rlis a peptide capable of selectively delivering R’L- across a cell membrane having an
actdic or hypoxic mantle;
R? is a small molecule microtubule targeting moiety; and

L is a linker, which is covalently linked to moiety R} and R2.

5]
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In some embodiments, R” is a maytansine-derived microtubule targeting moiety.

Provided herein i1s a compound of Formula (I):

y S  J— t
R R
or a pharmaceutically acceptable salt thereof, wherein:
R is a peptide capable of selectively delivering R’L- across a cell membrane having an
acidic or hypoxic mantle;

R? is selected from the group consisting of’

O
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| ! '
R \\//\'\
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cand

L is a linker, which is covalently linked to moiety R! and R%.

Provided herein is a compound of Formula {I);
R2_,,,,,,, — 1
Ro
or a pharmaceutically acceptable salt thereof, wherein:

R} is a peptide capable of selectively delivering R*L- across a cell membrane having an
actdic or hypoxic mantle;

R? is selected from the group consisting of:

~J
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; and
L is a linker, which is covalently linked to moiety R and R%.
Provided herein is a compound of Formula (I):
P [U— ) B
R L R (1)
or a pharmaceutically acceptable salt thereof, wherein:

R'! is a peptide capable of selectively delivering R’L- across a cell membrane having an

actdic or hypoxic manile;

R? is selected from the group consisting of:

9
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1. 1s a group selected from:

&8

P,

S
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wherein

R} R* R R® R’ R® R’ and R are each independently selected from H, (4 alkyl,
Ciraalkenvyl, Cooaryl, Csuio cycloalkyl, 5-10 membered hetercaryl, 4-10 membered
heterocycloalkyl, halo, CN, NO», OR™, 8R¥ C{OIR!, C(ONR™RY, C(QYORY, OC(O)RY,
OC(ONREIRY NRYRY ) NREIC(OIRY! ) NRE'C(OYORY | and NRE'C(O)NRIRY, wherein said
Cigalkyl, Cigalkenyl, Ceroaryl, and 5-10 membered hetercaryl are each optionally
substituted with 1, 2, or 3 substituents independently selected from halo, UN, NO», ORY,
SR, C{OIRY, CLONRSRY C(OYOR?!, OC(OIR", OC(OINRERY NRYRY, NRCIC(O)RY,
NRE'C(O)OR?! and NRE'C(OINRE'RY;

or R® and R* together with the carbon atoms to which they are attached form a Cyg
cyeloalkyl group or 4-14 membered heterocycloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Ci.4 alkyl, halo, CN, NO,, OR¥, SR*,
C(ORY, C(OINRERY, C(OYORY, OC(OIRY, GC(OINRURY, NREIRY, NREIC(O)RY,
NRC(O)YORY, and NRCIC(O)NREIRY,

or R? and R together with the carbon atoms to which they are attached form a Cs.i4
cycloalkyl group or 4-14 membered heterocycloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Ci. alkyl, halo, CN, NO,, OR!, SR¥,
COR, C(OINRRY, C(OYORY, OC(OIRY, OC(OINRYRY, NRE'RY, NRE'C(O)RY,
NRCC(OYORY, and NRYIC(ONRE'RY,

or R* and R® together with the carbon atoms to which they are attached form a Caay
cycloalkyl group or 4-14 membered heterocycloalkyl group, each optionally substituted with

1, 2, or 3 substituents independently selected from Ci.q alkyl, halo, CN, NO», OR*, SR#,

13
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C{ORY, C(OWNRRY, C(OYORY, GC(OIRY, GC(OINRE'RY NREIRY NRE'C(O)RY,
NREIC(OYOR™, and NRE'C(O)NRRY;

or R? and R® together with the carbon atoms to which they are attached form a Ci.j4
cycloalkyl group or 4-14 membered heterocyeloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Cy.q alkyl, halo, CN, NG, ORY, SR,
C(ORY, COINRYRY, C(OIORY, OC(OIRY, OC(OINRYRY, NRUIRY NREIC(O)RY,
NRUC(O)ORY, and NREC(O)NRRY,

or R” and R® together with the carbon atoms to which they are attached form a Ca.ia
cycloalkyi group or 4-14 membered heterocycloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Ci.4 alkyl, halo, CN, NOa, OR™, SR¥,
C{ORP, COINRTRY, CLOYORY, OC(ORY, OC(OINRERY, NRE'RY, NREC(O)RY,
NRY'C(O)OR?, and NRYC(OWNRS'RY,

or R and R together with the carbon atoms to which they are attached form a Cs.g
cycloalkyl group or 4-14 membered heterocycloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Ci4 alkyl, halo, CN, NO;, OR¥ | 8R¥
C{ORY, CLOINRYRY, C(OYOR™, OC(OIR®, OC(OINRYRY NREIRY NRE'C(O)RY,
NREIC(OYORY, and NREIC(O)NRERY:

or R® and R together with the carbon atoms to which they are attached form a Ca.ua
cycloalkyl group or 4-14 membered heterocycloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Ci.4 alkyl, halo, CN, NG,, OR*, SR¥,
C(OIR, C(OINREIRY, C(OYORY, OC(O)RY, OC(O)NRURY NRERY, NREC(O)RY,
NREC(OIORY, and NRYIC(ONRYRY,

or R” and R’ together with the carbon atoms to which they are attached form a Cs.us
cycloalkyl group or 4-14 membered heterocycloalkyl group, each optionally substituted with
1, 2, or 3 substituents independently selected from Ci.4 alkyl, halo, CN, NO,, ORY, SR,
C{ORY, CLOWNRCRY, C(OYORY, GC(ORY, GC(OINRE'RY, NREIRY NRE'C(O)RY,
NREIC(OYORY, and NREIC(O)NRCIRY,

Z1s Ceaparyl or 5-10 membered heteroaryl, wherein the 5-10 membered heteroaryl has at

{east one ring-forming carbon atom and 1, 2, 3, or 4 ring-forming heteroatoms independently

selected from N, G, and 8, wherein the Cs.ip aryl and 5-10 membered heteroaryl are each

14



10

15

WO 2021/007402 PCT/US2020/041348

optionally substituted with 1, 2, or 3 substituents independently selected from Ci. alkyl, halo,
CN, NGOy, ORY, SRY, C(ORY, C(OINRRY, C{OYOR™, OC(OIRY!, OC(OINRSRY NREIRY,
NRUC(OIRY, NRYC{OIORY and NREIC(O)NRY'RYY,

Ais H or Ci-4 alkyl;

R¥ RY R and R are each independently selected from H, Ci alkyl, Cas alkenyl,
Czs alkynyl, Cig haloalkyl, OH, CN, NGO, and COCHs; wherein said Ci alkyl and Cos alkenyl
are each optionally substituted with OH, CN, NO,, or COxCH; and

nisQ, 1, or 2.

Provided herein 1s a compound of Formula {I):
P . Y |
R L R 0
or a pharmaceutically acceptable salt thereof, wherein:

R' is a peptide capable of selectively delivering R’L- across a cell membrane having an

actdic or hypoxic mantle;

R? is selected from the group consisting of*

0O
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; wherein

R3 R* R5 R® R’ R R’ and R'” are each independently selected from H, Ciraalkyl,
Craalkenyl, Coaparyl, 5-10 membered heteroaryl, halo, CN, NO», OR, SR¥ C(OIRY,
C(OINRCIRY, C(QYORY, OC(OIRY, OC(OINRERY, NRYRY NROIC(OIRY, NREIC(O0R?,
and NREIC(O)NRRY wherein said Craalkyl, Crealkenyl, Cooaryl, and 5-10 membered
heteroaryl are each optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*, SR*!, C{O)R®, C(OINRERY, C(OYOR, OC(O)RY!,
OC{OINRAIRY NRORY, NRAC(OIRY, NREC(OIORY, and NREIC(O)NRORYY,

or R* and R* together with the carbon atom to which they are attached form an Ci-7
cycloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*!, SR*', C{ORY, C(OINRY'RY | C(OYORY, OC(OIRY,
OC{OINREIRY NRYRY NREIC(OIRY, NREIC(OYORY, and NRE'C(O)NRERY!,

or R® and R” together with the carbon atom to which they are attached form an Cs-7
cycloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*!, SR*' C{O)RY, C(OINRYRY, C(OYORY, OC(O)RY,
OC(ONREIRY NRORY, NREIC(O)RY!, NREC(OYORY, and NRE'C(O)NRR

or R* and R® together with the carbon atom to which they are attached form an Cs-7
cyeloalkyl group optionally substituted with 1, 2, or 3 substituents mdependently selected
from halo, CN, NO», OR*, SR* C(O)RY, CLONRR¥, C{OYORY, OC(O)RM,
QC(ONRERY NRURY NRUC(OIRY!, NREIC(OYORY, and NRCIC(O)NREIRY:

or R? and R® together with the carbon atom to which they are attached form an Ci-
cycloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*! SR¥ C{O)RY, C(OINRIRY C(OYORY, OC(O)RY!,
OC(OINRCIRY NREIRY NREIC(O)RY!, NRIC{OYORY, and NRE'C(O)NREIRY,

18
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or R7 and R® together with the carbon atom to which they are attached form an Cy—
cycloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR®!, SR*!, C{ORY, C(ONRY'RY | C(GYORY, OC(O)RY,
OC(OINRERY NRYRY, NREIC(OIRY, NREC(OIORY, and NRE'C(OINRERYY,

or R” and R” together with the carbon atom to which they are attached form an Cs-7
cyvcloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*, SR*!, C{O)RY, C(OINRCRY, C(OYORY, OC(OIRY,
OC{OINREIRY) NRORY, NREC(OIRY, NREC(OIORY, and NRE'C{O)NRRY,

or R* and R together with the carbon atom to which they are attached form an Ci-
cycloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*!, SR*', C{ORY, C(OINRY'RY, C(OYORY, OC(OIRY,
OC(OINREIRY NRYRY, NREC(OIRY!, NREC(OYORY, and NRE'C{O)NRERY

or R® and R’ together with the carbon atom to which they are attached form an Ca-
cycloalkyl group optionally substituted with 1, 2, or 3 substituents independently selected
from halo, CN, NO,, OR*! SR*' C{O)RY, C(OINRYRY, C(OYORY, OC(O)RY,
OC(OINREIRY ) NRERY NREIC(O)RY!, NREIC(OYORY, and NRCIC(O)NREIRY:

Ais Hor Ci-4 alkyl; and

R3 RP R and RY are each independently selected from H, Ci alkyl, Ca alkenyl,
Cr alkynyl, Cig haloalkyl, OH, CN, NO:, and C02CH3; wherein said Cis alkyl and Cr alkenyl
are each optionally substituted with OH, CN, NG», or CO,CH.

In some embodiments, the lefthand side of L attaches to R? and the righthand side of L

attaches to R

In some embodiments, a sulfur atom of the disulfide moiety of L is part of a cysteine

residue of R%.

As used herein, “peptide” refers to a targeting moiety comprising a 10-50 amino acid
sequence, made up of naturally-occurring amine acid residues and optionally one or more non-
naturally-occurring amino acids. In some embodiments, the peptide of R! is a peptide of 20 to
40, 20 to 30 amino acids, or 30 to 40 residues. Peptides suitable for use in the compounds of the

mvention are those that can insert across a cell membrane via a conformational change ora
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change in secondary structure in response to environmental pH changes.  In this way, the
peptide can target acidic tissue and selectively translocate polar, cell-impermeable molecules
across cell membranes in response to low extracellular pH. In some embodiments, the peptide 1s
capable of selectively delivering a conjugated moiety (e.g., R’L-) across a cell membrane having
an acidic or hypoxic mantle having a pH less than about 6.0, In some embodiments, the peptide
is capable of selectively delivering a conjugated moiety {(e.g., R’L-} across a cell membrane
having an acidic or hypoxic mantle having a pH less than about 6.5, In some embodiments, the
peptide is capabie of selectively delivering a conjugated moiety (e.g., R*L-) across a cell
membrane having an acidic or hypoxic mantle having a pH less than about 5.5. In some
embodiments, the peptide is capable of selectively delivering a conjugated moiety (e.g., R’L-)
across a cell membrane having an acidic or hypoxic mantle having a pH between about 5.0 and
about 6.0,

In certain embodiments, the peptide of R! includes a cysteine residue which can form the
site of attachment to a payload moiety (e.g., R’L-) to be delivered across a cell membrane. In
some embodiments, R’ is attached to L through a cysteine residue of R, In some embodiments,
the sulfur atom of the cysteine residue can form part of the disulfide bond of the disulfide bond-
containing linker L.

Suitable peptides, that can conformationally change based on pH and insert across a cell
membrane, are described, for example, in United States patents 8,076,451 and 9,289,508 (each of
which is incorporated herein by reference in its entirety). Other suitable peptides are described,
for exarnple, 1n Weerakkody, ef af., PNAS 110 (15), 5834-5839 (April 9, 2013), which 1s also
mecorporated herein by reference in its entirety.

In sore embodiments, R'is a peptide comprising at least one of the following sequences:

ADDONPWRAYLDLLFPTDTLLLDLLWCG (SEQ ID NO. 1; Pvl),

AEQNPIYWARYADWLFTTPLLLLDLALLVDADECG (SEQ ID NO. 2; Pv2), and

ADDONPWRAYLDLLFPTDTLLLDLLWDADECG (REQ ID NO. 3, Pv3);

AC-AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTKCG {SEQ ID NO. 4
Pyd),

AAEQNPIYWARYADWLFTITPLLLLBLALLVDADEGTC (SEQ I3 No. 5; PvS); and

AAEQNPIYWWARYADWLFTTPLLLLDLALLVDADEGTCG (SEQ ID No. 6; Pv6);
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wherein R! is attached to L through a cysteine residue of R'.

In some embodiments, RYis a peptide comprising at least one of the following sequences:

ADDONPWRAYLDLLFPTDTLLLDLLWCG (SEQ ID NO. 1; Pvl),

AEQNPIYWARYADWLFTTPLLLLDLALLVDADECG (SEQ ID NO. 2; Pv2), and

ADDONPWRAYLDLLFPTDTLLLDLLWDADECG (REQ ID NO. 3; Pv3); and

AAEQNPIYWWARYADWLFTTPLLLLDLALLVDADEGTCG (SEQ 1D No. 6; Pvo);
wherein R! is attached to L through a cysteine residue of R'.

In some embodiments, R' is a peptide comprising the sequence
ADDONPWRAYLDLLFPTDTLLLDLIWCG (SEQ ID NO. §; Pvl).

In some embodiments, R' is a peptide comprising the sequence
ABQNPIYWARYADWLFTTPLLLLDLALLVDADECG (SEQ ID NO. 2; Pv2).

In some embodiments, R is a peptide comprising the sequence
ADDONPWRAYLDLLUFPTDTLLLDLLWDADECG (SEQ 1D NO. 3; Pv3).

In some embodiments, R is a peptide comprising the sequence
Ac-AAEQNPIYWARYADWEFTTPLLLIDLALIVDADEGTKCG (SEQ 1D NG. 4; Pvd).

In some embodiments, R! is a peptide comprising the sequence
AAEQNPIYWARYADWLFTTPLLLIDLALLVDADEGTC (SEQ ID NO. 5; PvS).

In some embodiments, R! is a peptide comprising the sequence
AAEQNPIYWWARYADWLFTTPLLLEDLATLVDADEGTCG (SEQ ID NO. 6; Pvo).

In some embodiments, R! is a peptide consisting of the sequence
ADDONPWRAYLDLLUFPTDTLLLDLLWCG (SEQ ID NG, 1; Pvl).

In some embodiments, R! is a peptide consisting of the sequence
AEQNPIYWARYADWLFTTPLLLLDLALLVDADECG (SEQ ID NO. 2; Pv2).

In some embodiments, R! is a peptide consisting of the sequence
ADDONPWRAYLDLLFPTDTLLLDLLWDADECG (SEQ ID NGO. 3; Pv3).

In some embodiments, R! is a peptide consisting of the sequence Ac-
AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTKCG (SEQ ID NO. 4; Pvd).

In some embodiments, R! is a peptide consisting of the sequence

AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTC (SEQ ID NQ. 3; PvS).
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In some embodiments, R! is a peptide consisting of the sequence
AAEQNPIYWWARYADWLFTTPLLLLDLALLVDADEGTCG (SEQ ID NO. 6; Pvo).

In some embodiments, R' is a peptide comprising at least one sequence selected from
SEQ ID NOG: 7 to SEQ I NG: 311 as shown in Table 1.

In some embodiments, R' is a peptide consisting of a sequence selected from SEQ ID

NG: 7 to SEQ D NO: 311 as shown in Table 1.

Table 1. Additional R' Sequences

SEQ
D
NGO, Sequence

7 AEQNPIYWARYADWILFTTPLLLEDLALLVDADEGT

8 GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT

9 AEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT

10 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

11 | GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

12 ACEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTG

13 1 ACEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT

14 | AKEQNPIYWARYADWLFTTPLLLLIDLALLVDADEGT

15 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGIKCG

16 | AKEQNPIYWARYADWLFTTPLLLLDLALLVDADECT

17 1 ACEQNPIYWARYANWLFTTPLLLLNLALLVDADEGTG

I8 | ACEQNPIYWARYAKWLFTTPLLLLKLALLVDADEGTG

19 | GGEQNPIYWARYADWLFTTPLLLLDLALLVNANQGT

20 | AAEQNPIYWARYADWLFTTPLLLLALALLVDADEGT

21 AABQNPIYWARYAAWLFTTPLLLLDLALLYVDBADEGT

22 | AAEQNPIYWARYADWLEFTTALLLLDLALL VDADEGT

23 P AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGT

24§ AAEQNPIYWARYAEWLFTTPLLLLDULALLVDADEGT

25 | AAEOQNPIYWARYADWLFTDLPLLLLDLLALLVDADEGT

26 | GEQNPIYWAQYADWLFTTPLLLLDLALLYDADEGTICG

27 1 GGEQNPIYWARYADWLFTTPLLLDLLALLVDADEGTCG

28 | GGEQNPIYWARYADWLFTTPLLLLLDALLVDADEGTCG
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29 | GGEOQNPIYWARYDAWLFTTPLLLLDLALLVDADEGTCG
30§ GGEQNPIYWARYAWDLFTTPLLLLDLALLVDADEGTCG
31 | AAEQNPIYWARYADWLFTTGLLLLDLALLVDADEGT

32 | DDDEDNPIYWARYADWIFTTPLLLILHGALLVDADECT
33 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVDADEGCT
34 | DDDEDNPIYWARYAHWLFTTPLULLHGALLVNADECT
35 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNANECT
36 | AEQNPIYWARYADFLFTTPLLLLDLALLVDADET

37 § AEQNPIYFARYADWLFTTPLLLLDLALLVDADEGT

38 | AEONPIYFARYADFLFTTPLLLLDLALLWDADET

39 | AKEDOQNPYWARYADWLFTTPLLLLDLALLVDG

40 | ACEDONPYWARYADWLFTTPLLLEDLALLVDG

41 AEDOQNPYWARYADWLFTTPLLLLDLALLVDCG

42 | AEDONPYWARYADWLFTTPLLLLELALLVECG

43 | AKEDOQNPYWRAYADLFTPLTLLDLLALWDG

44 P ACEDQNPYWRAYADLFTPLTLLDLLALWDG

45 P ACDDONPWRAYLDLLFPTDTLLLDLIW

46 | TEDADVLLALDLLLLPTTFLWD

47 | AEQNPIYWARYADWLFTTPL

48 | AEQNPIYWARYADWLFTTPCL

49 | ACEQNPIYWARYADWLFTTPL

30 | AEQNPIYFARYADWLFTTPL

51 | KEDONPWARYADLLFPTTLAW

52 { ACEDQNPWARYADLLFPTTLAW

53 | ACEDONPWARYADWLFPTTLLLLD

54 | ACEEQNPWARYAELLFPTTLAW

55 | ACEEQNPWARYAEWLFPTTLLLLE

56 | ACEEQNPWARYLEWLFPTETLLLEL

57§ GGEQNPIY WARYADWLFTTPLLLLDLALLY DADEGT
58 | ACEQNPLY WARYADWLFTTPLLLIDLALLY

59 | WARYADWLFTTPLLLLDLALLY DADEGTCG

60 I WARYADWLFTTPLLLLDLALLY DADEGCT

61 | GGEQNPIY WARYADWLFTTPLLLLDLALLV DADEGTCG
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62 | ACEQNPIY WARYADWLFTTPLLLLDLALLY DADEGT

63 1 AKEQNPIY WARYADWLFTTPLLLEDLALLV DADEGT

64 | AKEQNPIY WARYADWLFTTPLLLLDLALLY DADECT

65 | AAEQNPIY WARYADWLFTTALLLEDLALLY DADEGT

66 | ACAEQNPLY WARYADWLFTTGLLLLDLALLY DADEGT

67 | AEQNPIY WARYADFLFTTALLLLDLALLYV DADE T

68 | AEQNPIY FARYADWLFTTPLLLLDLALLY DADEGT

69 | AEQNPLY FARYADFLFTTPLLLLDLALLW DADE T

71 ACEDONP Y WARYADWLFTTPLLLLDLALLY DG

72 AEDQNP Y WARYADWLFTTPLLLLDLALLY DG

74 1§ AKEDOQNP Y WRAYAD LFT PUTLLDLLALW DG

75 [ ACEDQNP Y WRAYAD LFT PLTLLDLLALW DG

76 | AKEDQNDP Y WARYADWLFTTPLLLLDLALLV G

77 I TEDADVLLALDLLLIPTTFLWDAYRAWYPNQECA

78 1 GGEQNPIY WARYADWLFTTPLLLLDLALLV DADEGT

79 | AEQNPIY WARYADWLFTTPL

80 | AEQNPLY WARYADWLFTTPCL

81 | ACEQNPIY WARYADWLFTTPL

82 | ACEQNPLY FARYADWLFTTPL

&3 | ACDDONP WRAYLDLLFPTDTLLLDLLW

84 | ACEEQNP WRAYLELLFPTETLLLELLW

85 | ACDDONP WARYLDWLFPTDTLLLDL

§6 | CONNNP WRAYLDLLFPTDTLLLDW

87 | ACEEQNP WARYLEWLFPTETLLLEL

88 | ACEDQNP WARYADWLFPTTLLLLD

89 | ACEEQNP WARYAEWLFPTTLLLLE

90 | ACEDQNP WARYADLLFPTTLAW

91 | ACEDOQNP WARYAELLFPTTLW

92 | KEDONP WARYADLLFPTTLW

93 | DDDEDNP IYWARYAHWLFTTPLLLLHGALLVDADECT

94 | DDDEDNPIYWARYAHWLFTTPLLLLDGALLVDADECT
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95 | DDDEDNPIYWARYAHWLFTTPLLULLHGALLYNADECT
96 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNANECT
97 | DDDEDNPIYWARYADWLFTTPLLLLHGALLVDADECT
98 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADEGIG

99 | ACEQNPIYWARYADWLFTTPLLLLDLATLVDADET

100 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT

101 | GGEOQNPIYWARYADWLFTTPLLLDLLALLVDADEGTCG
102 | GGEQNPIYWARYADWLFTTPLLLLLDALLVDADEGTCG
103 | GGEOQNPIYWARYAWDLFTTPLLLLDLALLVDADEGICG
104 | AAEQNPIYWARYAEWLFTTPLLLLDLALLVDADEGTCG
165 | AAEQNPIYWARYAEWLFTTPLLLLELALLVDADEGTCG
106 | GGEOQNPIYWARYDAWLFTTPLLLLDLALLVDADEGTCG
107 | GGEQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG
108 | GGEQNPIYWAQDYAWLFTTPLLLLDLALLVDADEGTCG
109 | AAEQNPIYWARYAAWLFTTPLLLLDLALLVDADEGTCG
110 | ACEQNPIYWARYANWLFTTPLLLINLALLVDADEGTG
{11 | DDDEDNPIYWARYAHWLFTTPLLULLHGALLVNANECT
112 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNADECT
113 | DDDEDNPIYWARYADWLFTTPLLLLHGALLVDADECT
114 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLYVDADECT
115 | DPDEDNPIYWARYAHWLFTTPLLLLDGALLVDADECT
116 | GGEQNPIYWARYADWLFTTPLLLLDLALLVNANQGT
117 | AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTCG
118 | AAEQNPIYWARYAEWLFTTPLLILLELALLVDADEGTCG
119 | AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTKCG
120 | GGEQNPIYWAQYADWLFTTPLLLLDLALLVDADEGTCG
121 | GGEQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG
122 | GGEOQNPIYWAQDYAWLFTTPLLLLDLALLVDADEGTCG
123 | GGEQNPIYWARYADWLFTTPLLLLDALLVNANQGT

124 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNADECT
125 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLYNANECT
126 | ACEONPIYWARYAKWLFTTPLLLLKLALLVBDADEGTG
127 | GGEQNPIYWAQDYAWLFTTPLLLLDLALLVDADEGTCG




WO 2021/007402 PCT/US2020/041348

128 | GGEOQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG

129 | GGEQNPIYWAQYADWLFTTPLLLLDLALLVDADEGTCG

130 | AAEQNPIYWARYAAWLFTTPLLLLDLALLVDADEGTCG

131 | AAEQNPIYWARYADWLFTDLPLLLI DELALLVDADEGT

132 | GGEQNPIYWARYADWLFTTPLLLLEDALLVDADEGTCG

133 | GGEQNPIYWARYADWLFTTPLLLDLLALLVDADEGTCG

134 | AAEQNPIYWARYADWLFTTGLLLLDLALLVBADEGT

135 | AEQNPIYWARYAAWLFTTPLLLLDLALLVDADEGTCG

136 | GGEOQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG

137 | GGEQNPIYWAQDYAWLFTTPLLLLDLALLDADEGTCG

138 | GGEQNPIYWARYDAWLFTTPLLLLDLALLVDADEGTCG

139 | AAEQNPIYWARYADWLFTTPLLLLALALLVDADEGTCG

140 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTKCG
......... EGTK{{rhodamine Y{ phalloidin}G

141 | AAEQNPIYWARYADWLFTTPLLLLELALLDADEGTKCG

142 | AAEQNPIYWARYADWLFTTPLLLLDLALLYVDADEGTCG

143 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTC{phalloidin)G

144 | GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

145 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADET

146 | ACEQNPIYWARYADWLFTTPLLLLDLATLVDADEGTG

147 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT

148 | GGEQNPIYWARYADWLFTTPLLLLDLALLVNANQGT

149 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNADECT

150 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLYNANECT

151 | GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

152 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTC(phallotdin}G

153 | AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTKCG

1534 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTKCG

155 | DDDEDNPIYWARYAHWLEFTTPLLLLBGALLVDADECT

156 | DDDEDNPIYWARYAHWLFTTPLLLLDGALLVDADECT

157 | DDDEDNPIYWARYAHWLFTTPLLLLBGALLVNADECT

158 | DDDEDNPIYWARYAHWLEFTTPLLLLBGALLVNANECT

159 | DDDEDNPIYWARYADWLEFTTPLLLLIBGALLVDADECT

160 | DDDEDNPIYWARYADWTFTTPLLLLHGALLVDADECT
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161 | DDDEDNPIYWARYAHWLFTTPLLLLDGALLVDADECT
162 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVDADECT
163 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNADECT
164 | DDDEDNPIYWARYHWLFTTPLLLLHGALLVNANECT
165 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNANECT
166 | DDDEDNPIYWARYAHWLFTTPLLULLHGALLVYVNADECT
167 | DDDEDNPIYWARYADWLFTTPLLLLHGALLVDADECT
163 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVDADECT
169 | DDDEDNPIYWARYAHWLFTTPLLLLDGALLVDADECT
170 | GGEQNPIYWARYADWLFTTPLLLLDLALLVNANQGT
171 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNADECT
172 | DDDEDNPIYWARYADWLFTTPLLLLHGALLVBADECT
173 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVDADECT
174 | DDDEDNPIYWARYAHMLFTTPLLLLDGALLVDADECT
175 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNANECT
176 | DDDEDNPIYWARYAHWLFTTPLLLLDGALLVDADECT
177 | DDDEDNPIYWARYADWLFTTPLLULLHGALLVDADECT
178 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVBADECT
179 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVNADECT
180 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLYNANECT
181 | AAEQNPIYWARYADWLFTTGLLLLDLALLVDADEGT
182 | GGEQNPIYWARYAWDLFTTPLLLLDLALLVDADEGTCG
183 | GGEQNPIYWARYDAWLFTTPLLLLDLALLVDADEGTCG
184 | GGEQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG
185 | GGEOQNPIYWAQDYAWLFTTPLLULLDLALLVDADEGTCG
186 | AAEQNPIYWARYAAWLFTTPLLLLDLALLVDADEGTCG
187 | GGEQNPIYWARYADWLFTTPLLLLDALLVDADEGTICG
188 | GGEOQNPIYWARYADWLFTTPLLLDLLALLVDADEGTCG
189 | GGEQNPIYWARYADWLFTTPLLLDLLALLVDADEGTCG
190 | GGEQNPIYWARYADWLFTTPLLLLLDALLVDADEGTCG
191 | GGEOQNPIYWAQYADWLFTTPLLLLDLALLVDADEGTCG
192 | GGEQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG
193 | GGEQNPIYWAQDYAWLFTTPLLLLDLALLVDADEGTCG
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194 | GGEOQNPIYWAQYDAWLFTTPLLLLDLALILVDADEGTCG
195 | GGEQNPIYWAQDYAWLFTTPLLLLDLALLVDADEGTCG
196 | GGEQNPIYWAQYADWLFTTPLLLLDLALLVDADEGTCG
197 | AAEQNPIYWARYAAWLFTTPLLLLDLALLYDADEGTCG
198 | GGEQNPIYWAQDYAWLFTTPLLLLDLALLYDADEGTCG
199 | GGEQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG
200 | GGEQNPIYWAQYADWLFTTPLLLLDLALLVDADEGTCG
201 | AAEQNPIYWARYAAWLFTTPLLLLDLALLVDADEGTCG
202 | AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTKCG
203 4. EGTK (rhidamine)C{phalloidin)G

204 | AAEQNPIYWARYADWLFTTPLLLILDLALLVDADEGTKCG
205 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTG
206 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTC(phalloidin)G
207 | AAEQNPIYWARYADWLFTTPLLLILDLALILVDADEGTKCG
208 | AAEQNPIYWARYADWLFTTPLLLLEL ALLVDADEGTKCG
209 | AAEQNPIYWARYADWLFTDLPLLLLDELLALLVDADEGT
210 | AAEQNPIYWARYAAWLFTTPLLLLDLALLVDADEGTCG
211 GGEQNPIYWAQYDAWLFTTPLLLLDLALLVDADEGTCG
212 | GGEQNPIYWAQDYAWLFTTPLLLLDELALLYDADEGTCG
213 | GGEONPIYWARYDAWLFTTPLLLLDLALLYVDADEGTCG
214 | AAEQNPIYWARYAEWLFTTPLLLLDLALLVDADEGTCG
215 | AAEQNPIYWARYAEWLFTTPLLLLELALLVDADEGTCG
216 | AAEQNPIYWARYADWLFTTPLLLLALALLYDADEGTCG
217 | AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTCG
218 | AAEQNPIYWARYAEWLFTTPLLLLELALLVDADEGTCG
219 | AABEQNPIYWARYADWLFTTPLLLLELALLVDADEGTKCG
220 | ACEQNPIYWARYAKWLFTTPLLLLKLATLVDADEGTG
221 | ACEQNPIYWARYANWLFTTPLLLLNLALLVDADEGTG
222 | AAEQNPIYWARYADWLFTTALLLLDLALLVDADEGT

223 | ABEQNPIYFARYADLLFPTTLAW

224 | AEQNPIYWARYADLLFPTTLAF

225 | AEQNPIYWARYADLLFPTTLAW

226 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADET
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227 | GGEONPIYWARYADWLFTTPLLLLDLALLVDADEGT

228 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

229 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTKCG

230 | AKEQNPIYWARYADWLFTTPLLLLDLALLYVDADECT

231 | CCTCTTACCTCAGTTACA

232 1 D-Arg8 D-Arg8-CCTCTTACCTCAGTTACA

233 | D-Lys4 D-Lys4-CCTCTTACCTCAGTTACA

234 | S-8-CCTCTTACCTCAGTITACA

235 | S-S-CCTCTGACCTCATITACA

236 | D-Arg8-Deca D-Arg8-Deca-CCTCTTACCTCAGTTACA

237 | D-Arg8-Deca~-mismatch D-Arg8-Deca-CCTCTGACCTCATTTACA
238 | 5-S-CCTCTTACCTCAGTITACA

239 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

240 | AEDOQNPYWARYDWLFTTPLLLLDLALLVDCG

241 | AEDONPYWARYADWLFTTPLLLLELALLVECG

242 | AEQNPIYWARYADWLFTTPLLLLDLALLVDADEGCT

243 | ACEQNPIYWARYADWLFTTPLLLLDLALLVDADET

244 | AE-QN-PI YWARYADWLFTTPLLLLDLALLY DADEGT-COCOH
245 | AEDQN-P- YWARYADWLFTTPLLLLDLALLY D---G--COOH
246 | AEDONDP-YWARYADWLFTTPLLLLDLALLY ---G--COOH

247 | ABQONPLYWARYADFLFTTPLLLLDLALLY DADET-COOH

248 | AEQNPI YFARYADWLFTTPLLLLDLALLY DADET-COCH

249 | AEQNPI YFARYADFLFTTPLLLLDLALLW DADET-COOH

250 | AE-QN-PLYWARYADWLFTTPLLLLDLALLY DADEGCT-COOH
251 L AEDON-PEYWARYADWLFTTPLLLLDLALLY DC--G-T-COOH
252 | AEDQNDPI YWARYADWLFTTPLLLLELALLY EC--G-T-COOH
253 | Chelate-ACEEQNPWARYLEWLFPTETLLLEL

254 | AEQNPIY WARYADWLFTTPLLLLDLALLY DADEGT-COCH
255 | AKEDOQNPY WARYADWLFTTPLLLLDLALLV DG-COOH

256 | AKEDQNDPY WARYADWLFTTPLLLLDLALLY -COCH

257 | AEQNPLYWARYADWLFTTPLLLLDLALLY DADEGC-Biotin-T-COO H
258 | AEDOQNP YWARYADWLFTTPLLLLDLALLY DC-Biotin-G-COOH
259 | AEDONP YWARYADWLFTTPLLLLELALLY EC-Biotin-G-COCOH
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260 | ACEQNPTY WARYADWLFTTPLLLLDLALLY DADEGT
261 | ACEDONPY WARYADWLFTTPLLLLDLALLVY DG

262 | ACEDONPY WRAYADLFTPLTLLDLLALW DG

263 | ACDDONP WRAYIDLLFPTDTLELDLEW

264 | WRAYLELLFPTETLLLELLW

265 | WARYLDWLFPTDTLLLDL

266 | WRAYLDLLFPTDTLLLDW

267 | WARYLEWLFPTETLLLEL

268 | WAQYLELLFPTETLLLEW

269 | WRAYLELLFPTETLLLEW

270 | WARYADWLFPTTLLLLD

271 | WARYAEWLFPTTLLLLE

272 | ACEDOQNP WARYADLLFPTTLAW

273 | ACEEQNP WARYAELLFPTTLAW

274 | Ac-TEDAD VELALDILLIPTTFLWDAYRAW YPNQECA-Am
275 | CODDDDNPNY WARYANWLFTTPLLLINGALLY EAEET
276 | CODDDDNPNY WARYAPWLFTTPLLLUPGALLV EAEET
277 | Ac-AEQNPIYWARYADWLFTTPLLLLDLALLVDADEGCT
278 | Ac-AKEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTG
27 ACEQNPIYWARYANWLFTTPLLLLNLALLVDADEGT
280 | Ac-AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTKCG
281 | DDDEDNPIYWARYADWLFTTPLLLLHGALLVDADET
282 | CDDDEDNPIYWARYAHWLFTTPLLLEHGALLVDADET
283 | DDDEDNPIYWARYAHWLFTTPLLLLHGALLVDADEGT
284 | DDDEDNPIYWARYAHWLETTPLLLLHGALLVNADEGT
285 | DDDEDNPIYWARYAHWLEFTTPLLLLHGALLVNANEGT
286 | AKEDOQNDPYWARYADWLFTTPLLLLDLALLVG

287 | AEDONPYWARYADWLFTTPLLLLELALIVCG

288 | AKDDONPWRAYLDLLFPTDTLLLDLLWC

289 | ACEEQNPWRAYLELLFPTETLLLELLW

290 | ACDDONPWARYLDWLFPTDTLLLDL

291 | CONNNPWRAYLDLLFPTDTLLLDW

292 | CEEQQPWAQYLELLFPTETLLLEW
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293 | EEQOPWRAYLELLFPTETLLLEW

294 | CDDDDDNPNYWARYANWLFTTPLLLLNGALLVEAEET

295 | CODDDDNPNYWARYAPWLFTTPLLLLPGALLVEAEE

296 | AEQNPIYFARYADLLFPTTLAW

297 | AEQNPIYWARYADLLFPTTLAF

298 | AEQNPIYWARYADLLFPTTLAW

299 | KEDONPWARYADLLFPTTLW

300 | ACEEQNPQAEYAEWLFPTTLLLILE

301 | AAFEQNPWARYLEWLFPTETLLLEL

302 | AKEEQNPWARYLEWLFPTETLLLEL

303 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTGG

304 | XXEXNPIYWAXXXXXLFTXXLLEXXXALLVXAXKXTXG

305 | DAAEQNPIYWARYADWLFTTLPLLLLDLLALLVDADEGTKGG

306 | GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTGG

307 | XXEXNPIYWAXXXXXLFTXXLLEXXXALLVXAXKXTGG

308 | DGGEQNDPIYWARYADWILFTTLPLLLEDLLALLVDADEGCTXGG

309 | AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG

310 | AEDOQNPYWARYDWLFTTPLLLLDLALLVDCG

311 | GLAGLAGLLGLEGLLGLPLGLLEGLWLGLELEGN

Any of the recited peptides useful in the present invention can be modified to include a
cysteine residue by replacing a non-cysteine residue with cysteine, or appending a cysteine
residue to either the N-terminus or C-terminus.

In some embodiments, the peptide of R! is a conformationally restricted peptide. A
conformationally restricted peptide can include, for example, macrocyclic peptides and stapled
peptides. A stapled peptide is a peptide constrained by a covalent linkage between two amino
acid side-chains, forming a peptide macrocycle. Conformationally restricted peptides are
described, for example, in Guerlavais et al., Annual Reports in Medicinal Chemistry 2014, 49,
331-34S5; Chang et al., Proceedings of the National Academy of Sciences of the United States of
America (2013}, 110(36), E3445-E3454; Tesauro et al., Molecules 2019, 24, 351-377;
Dougherty et al, Journal of Medicinal Chemistry (2019), 62(22), 10098-10107; and Dougherty
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et al, Chemical Reviews (2019), 119(17), 10241-10287, each of which is incorporated herein by
reference in its entirety.

In some embodiments, R' is a peptide having 10 to S0 amino acids. In some
embodiments, R' is a peptide having 20 to 40 amino acids. In some embodiments, R' is a
peptide baving 20 to 40 amino acids. In some embodiments, R' is a peptide having 10 to 20
amino acids. In some embodiments, R! is a peptide having 20 to 30 amino acids. In some
embodiments, R! is a peptide having 30 to 40 amino acids.

Suitable small molecule microtubule targeting moieties (e.g., R*} can be cytotoxic
compounds like maytansinoids that may have undesirable side effects when delivered
systemically because of their possible deleterious effect on normal tissue. Small molecule
microtubule targeting agents include, but are not limited to, mayvtansinoids, aclitaxel,
docetaxel, epothilones, discodermolide, the vinca alkaloids, colchicine, combretastatins, and
derivatives and analogues of the aforementioned. Microtubule targeting agents are described
i Yangutur, A. D, Current Topics in Medicinal Chemustry, 2017 17(22): 2523-2537.
Microtubule-targeting agents also include maytansinoids, such as maytansine (DM1) and
derivatives and analogues thereof, which are described in Lopus, M, Cancer Lett,, 2011,

307(23 113-118; and Widdison, W, J. Med. Chem. 2006, 49:4392-4408.
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In some embodiments, R? is the following group:

O

In some embodiments, R? is the following group:
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In some embodiments, R? is the following group:

O

In sorme embodiments, R? is a maytansinoid. In sore embodiments, R? is DM or

DM4. In some embodiments, R” is DML, In some embodiments, R? is DM4.
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In some embodiments, L is a linking moiety that covalently connects R' and R?, and
functions to release a moiety containing R” in the vicinity of acidic or hypoxic tissue, such as
mside a cell of diseased tissue,

In some embodiments, L is a linking chain of 1 t0 40, 1 t0 30, 11025, 1 1620, 1 t0 15, 1
to 10, or 1 to 5 chain atoms {including both carbon and heteroatoms), which is optionally
substituted with 1-10 RY substituents, and wherein one or more chain carbon atoms of L can be
oxidized to form a carbonyl {C=0), and wherein one or more N and 8 chain atoms can each be
optionally oxidized to form an amine oxide, sulfoxide or sulfonyl group; wherein

each R%1s independently selected from OH, CN, -COOH, NH;, halo, Ci.s haloalkyl,
Cisalkyl, Cisalkoxy, Ci.s haloalkoxy, Cisalkylthic, phenyl, 5-6 membered hetercaryl, 4-6
membered heterocvcloalkyl, Csg cycloalkyl, NH(Ciesalioyl) and N{C ¢ alkyl)s, wherein the
Crsalkyl, phenyl, Cascycloalkyl, 4-6 membered heterocycloalkyl, and 5-6 membered
heteroaryl of R% are each optionally substituted with halo, OGH, CN, -COOH, NH;, Ciaalkyl,
Ciaalkoxy, Ci.4 haloalkyl, C1.4 haloalkoxy, phenyl, Cs.ic cycloalkyl, 5- or 6-membered
heteroaryl or 4-6 membered heterocycloalkyl; and

two RY groups together with the chain atoms to which they are attached can form a
phenyl, 5-6 membered heterocaryl, 4-6 membered heterocycloalkyl, or Cs4 cycloalkyl ring.

In some embodiments, R% 1s independently selected from OH, CN, -COOH, NH,, halo,
Cis haloalkyl, Crsalkyl, Crsalkoxy, Cishaloalkoxy, NH{Cis alkyl) and N{Cis alkyl)z.

In some embodiments, L 1s the following group:

, 8.
e

In some embodiments, L 1s the following group:

A RS R‘S

SN

o R3 R4

In some embodiments, L 15 the following group:
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In some embodiments, nis 0. In some embodiments, nis 1. In some embodiments, n 1

S

In some embodiments, L is the following group:

In some embodiments, L is the following group:

A
|

/}\,NYO

O

oS5

10 In some embodiments, L is the following group:
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G, enocer I»

In some embodiments, R* R* R® R® R’ R® R’ and R’ are each independently selected

from H and Crsalkyl In some embodiments, R’ R* R® R R’ R¥ R’ and R are each H.

In some embodiments, R* and R* are each independently selected from H and Crsalkyl

5 In some embodiments, R® and R* are each H.

In some embodiments, R”and R° are each independently selected from H and Cisalkyl.

In some embodiments, R® and R® are each H.

In some embodiments, R” and R® are each independently selected from H and Cr.salkyl.

in some embodiments, R’ and R® are each H.

10 In some embodiments, R? and R'" are each independently selected from H and Cy4alkyl.

In some embodiments, R and R'? are each H.

In some embodiments, A is H. In some embodiments, A is Cr4alkyl In some

embodiments, A 1s CHa.

In some embodiments, 7 is Ce.io aryl, optionally substituted with 1, 2, or 3 substituents
15  independently selected from Ci4 alkyl, halo, CN, NO», OR™, SR*! C{O)R™, C(O)NR*'RY,
C(OYORY, OC(OIRY QC(OINREIRY, NRYRY NREIC(OIRY, NR¥C(OYORY | and
NRUC(OINRORY,

In some embodiments, 7 is phenyl, optionally substituted with 1, 2, or 3 substituents
independently selected from Ci.4 alkyl, halo, CN, NO», OR* SR* C{O)R™, C(O)NRY' R,
20 C(OYORY, OC(O)RM, OC(O)NRERI, NRURY NREC(ORY!, NRE'C(OYORY, and
NREC(OINRERYE

In some embodiments, 7 is phenyl

In some embodiments, the compound of the invention is a compound of Formula (It}
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(R m

.

s—R' w)
or a pharmaceutically acceptable salt thereof, wherein:

R' is a peptide;

R? is a a small molecule microtubule targeting moiety;

A is H or Ci-y alkyl;

Ring Y 1s a monocyclic Cs.r cycloalkyl ring or a monocyclic 5-7 membered
heterocycloalkyl ring;

each RY is independently selected from Ci.4 alkyl, halo, CN, NO,, OR™, SR* C(O)RY,
C{OINRARY C(OYORY, OC(OIRY!, OC(OINREIRY, NRORY! NREIC(ORP!, NREIC(OYORY,
and NREIC(O)NRERY,

or two adjacent RY together with the atoms to which they are attached form a fused
monocyelic Csr eycloalkyl ring, a fused monocyelic 3-7 membered heterocyeloalkyl ring, a
fused Cos.jparyl ring, or a fused 6-10 membered heteroaryl ring, each of which is optionally
substituted with 1, 2, or 3 substituents independently selected from Cr4 alkyl, halo, CN, NG;,
OR* SR, C(ORY!, C(ONRURY, C(OYORE, OC(OIRY, OC(OINRCIRY, NRURY,
NREOIC(OIRY NRIC(OYORY and NREIC(O)NREIR,

R RPLRC and RY are each independently selected from H, Ci alkyl, Cous alkenyl,
C4 alkynyl, each optionally substituted with 1, 2, or 3 substituents independently selected from
halo, OH, CN, and NG, and

mis 0, 1,2, or 3.
In some embodiments of compounds of Formula (II}, R! is a peptide comprising the

sequence of SEQ 1D NO: 1, SEQ 1D NO:2, SEQ ID NG:3, SEQ ID NO4, or SEQ ID NO:S.

In some embodiments of compounds of Formula (I}, R is Pv1, Pv2, Pv3, Pv4, or Pv5.
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In some embodiments of compounds of Formula (), R' 15 attached to the core via a
cysteine residue of R' wherein one of the sulfur atoms of the disulfide moiety in Formula IT is
dervied from the cysiene residue.

In some embodiments of compounds of Formula (II}, R? is a maytansinoid. In some
embodiments of Formula (I}, R? is DM1 or DM4. In some embodiments of Formula (1), R? is

DM1. In some embodiments of Formula (1), R? is DM4.

In some embodiments of compounds of Formula (11}, R? is the following group:
O

In some embodiments of compounds of Formula (1), R? is the following group:
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In some embodiments of compounds of Formula (ID), R? is the following group:
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O

In some embodiments of compounds of Formula (IT), A is H. In some embodiments of
compounds of Formula (I}, A 1s Ciqalkyl In some embodiments of compounds of Formulia (I1),
Ais CHa.

In some embodiments of compounds of Formula (I1), Ring Y is a monocyelic Csr
cycloalkyl ring,

In some embodiments of compounds of Formula (D), Ring Y 1s a cyclopentyl ring,

In some embodiments of compounds of Formula (1}, Ring Y 15 a cyclohexyl ring.

In some embodiments of compounds of Formula (1), Ring Y 1s a ¢ycloheptyl ring,

In some embodiments of compounds of Formula (I}, Ring Y 15 a monocyclic 5-7
membered heterocycloalkyl ring.

In some embodiments of compounds of Formula (I}, Ring Y 15 a 5-membered
heterocycloalkyl ring.

In some embodiments of compounds of Formula (I}, Ring Y 15 a 6-membered
heterocycloalkyl ring.

In some embodiments of compounds of Formula (I}, Ring Y is a 7-membered
heterocycloatkyl ring.

In some embodiments of compounds of Formula (I}, two adjacent RY together with the
atoms to which they are attached form a fused monocychic Cs.7 cycloaltkyl ring, a fused

monocyclic 5-7 membered heterocycloalkyl ring, a fused Csoaryl ring, or a fused 6-10

=24
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membered heteroaryl ring, each of which 1s optionally substituted with 1, 2, or 3 substituents
independently selected from Cyqalkyl, halo, CN, NO», OR™ SRY C{(O)R®!, C(OINRY'RY,
C{OYOR™, OC(OIRY!, OC(OINRYRY ) NRERY, NREIC{OIRY!, NRIC(OYOR™, and
NREIC(OINREIRY,
5 In some embodiments of compounds of Formula (I1), m 1s 0.

In some embodiments of compounds of Formula (H}, mis 1.

In some embodiments of compounds of Formula (1), m is 2.

In some embodiments of compounds of Formula (H}, m 15 3

In some embodiments, the compounds of the invention is a compound of Formula (1II),

10 Formula (IV), or Formula (V)

R2 /,Jl\ y
\? o

A

> RY)m

\

R )L\ A

=R (1m

A

A s

~

s—R' (V)
or a pharmaceutically acceptable salt thereof, wherein RY, R*, RY, A, and m are defined as

15 in any of the embodiments above for Formula (11},
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In some embodiments, the compound of formuulda () 15 selected from:

O
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or a pharmaceutically acceptable salt of any of the aforementioned.

In some embodiments, the compound of Formula (1) is selected from:
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or a pharmaceutically acceptable salt of any of the aforementioned.

In some embodiments, provided herein is a compound having Formula (I-A):

(1-A),
5 or asalt thereof, wherein Cy' is Ceaparyl or 5-10 membered heteroaryl. In some
embodiments, Cy' is pyridyl.

In some embodiments, provided herein 1s a compound having Formula (I-B):
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; ’/C"}
N o gy
o)

N (-B),

or a salt thereof, wherein Cy' is Ce.iparyl or 5-10 membered hetercaryl. In some
embodiments, Cy' is pyridyl.

The molecules of the invention can be tagged, for example, with a probe such asa

[#2]

fluorophore, radioisotope, and the like. In some embodiments, the probe is a fluorescent
probe, such as LICOR. A fluorescent probe can include any moiety that can re-emit light upon
light excitation (e.g., a tfluorophore).
The Amino acids are represented by the IUPAC abbreviations, as follows: Alanine
(Ala; A), Arginine (Arg; R), Asparagine (Asn; N}, Aspartic acid {Asp; D), Cysteine {Cys;
16 O), Glutamine (Gln; Q), Glutamic acid (Gly; E), Glycine (Gly; G), Histidine (His; H},
Iscleucine (Ile; 1), Leucine (Ley; L), Lysine (Lys; K), Methionine (Met; M), Phenylalanine
(Phe; F), Proline (Pro; P), Serine (Ser; 8), Threonine (Thr; T), Tryptophan {Trp; W), Tyrosine
(Tyr; Y), Valine (Val; V).
The term “Pv1” means ADDONPWRAYLDLLFPTDTLLLDLLWCG, which is the
15 the peptide of SEQ ID No. 1.
The term “Pv2” means AEQNPIYWARYADWLFTTPLLLLDLALLVDADECG,
which is the peptide of SEQ ID No. 2.
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The term “Pv3” means ADDONPWRAYLDLLFPTDTLLLDBLLWDADECG, which
is the peptide of SEQ ID No. 3.

The term “Pv4” means Ac-
AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTKCG, which 1s the peptide of
SEQIDNG. 4.

The term “PvS” means AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTC,
which is the peptide of SEG ID NO. 5. The term “Pv6” means
AABQNPIYWWARYADWLFTTPLLLEDLALLVDADEGTCG, which is the peptide of
SEQ ID NO. 6. In the compounds of the invention, the peptides R' are attached to the
disulfide linker by a cysteine moiety.

The term “acidic and/or hypoxic mantle” refers to the environment of the cell in the
diseased tissue in question having a pH lower than 7.0 and preferably lower than 6.5. An
acidic or hypoxic mantle more preferably has a pH of about 5.5 and most preferably has a pH
of about 5.0. The compounds of formula (1) insert across a cell membrane having an acidic
and/or hypoxic mantle in a pH dependent fashion to insert R’L into the cell, whereupon the
disulfide bond of the linker is cleaved to deliver free R°L (or R’L* wherein L* is a product of
degradation). Since the compounds of formula (I} are pH-dependent, they preferentially insert
across a cell membrane only in the presence of an acidic or hypoxic mantle surrounding the
cell and not across the cell membrane of “normal” cells, which do not have an acidic or
hypoxic mantle.

The terms “pH-sensitive” or “pH-dependent” as used herein to refer to the peptide R!
or to the mode of insertion of the peptide R' or of the compounds of the invention across a cell
membrane, means that the peptide has a higher affinity to a cell membrane lipid bilayer
having an acidic or hypoxic mantle than a membrane lipid bilayer at neutral pH. Thus, the
compounds of the invention preferentially insert through the cell membrane to insert R°L to
the interior of the cell (and thus deliver R?H as described above) when the cell membrane
fipid bilayer has an acidic or hypoxic mantle (a “diseased” cell} but does not insert through a
cell membrane when the mantle (the environment of the cell membrane lipid bilayer} 1s not

acidic or hypoxic (a “normal” ceil}. It 1s believed that this preferential insertion is achieved as
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a result of the peptide R! forming a helical configuration, which facilitates membrane
msertion.

The term “small molecule microtubule targeting moiety”™ refers to a chemical group
that binds to microtubules. The small molecule microtubule targeting motety can be a group
derived from a compound that inhibits the activity of microtubules. For example, the small
molecule microtubule targeting moiety may suppress the dynamie stability of microtubules. In
some embodiments, the small molecule microtubule targeting moiety has a molecular weight
(Da) of about 100-1500, about 100-800, about 500-1,000, about 600-1,000, about 100-500,
about 700-900, or about 250-500.

1t is further appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, can also be provided in combination in a
single embodiment (while the embodiments are intended to be combined as if written in multiply
dependent form). Conversely, various features of the invention which are, for brevity, described
in the context of a single embodiment, can also be provided separately or in any suitable
subcombination. Thus, it is contemplated as features described as embodiments of the
compounds of Formula (I} can be combined in any suitable combination.

At various places in the present specification, certain features of the compounds are
disclosed in groups or in ranges. It is specifically intended that such a disclosure include each
and every individual subcombination of the members of such groups and ranges. For example,
the term "Cis alkyl” is specifically intended to individually disclose (without hinutation) methyl,
ethyvl, Cs alkyl, Cs alkyl, Cs alkyl and Cs atkyl.

The term "n-membered," where n 1s an integer, typically describes the number of ring-
forming atoms in a moiety where the number of ring-forming atoms is n. For example,
piperidinyl 15 an example of a G-membered heterocveloalkyl ring, pyrazolyl is an example of a 3-
membered heteroaryl ring, pyridyl is an example of a 6-membered heteroaryl ring and 1,2,3,4-
tetrahydro-naphthalene is an example of a 10-membered cycloalkyl group.

At various places 1n the present specification, variables defining divalent linking groups
may be described. 1t is specifically itended that each linking substituent include both the
forward and backward forms of the Hoking substituent. For example, -NR{CR'R"}y- includes

both -NR{CRR" s~ and -{CRR")pNR- and 1s ntended to disclose each of the forms individually,
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Where the structure requires a linking group, the Markush variables listed for that group are
understood to be Hinking groups. For example, if the structure requires a linking group and the
Markush group defimition for that variable lists "alkyl" or "aryl" then 1t is understood that the
"alleyl™ or "aryl” represents a linking alkvlene group or arviene group, respectively.

The term "substituted” means that an atom or group of atoms formally replaces hydrogen
as a "substituent” attached to another group. The term "substituted”, unless otherwise indicated,
refers to any level of substitution, e.g., mono-, di-, tri-, tetra- or penta-substitution, where such
substitution 1s permiited. The substituents are independently selected, and substitution may be at
any chemically accessible position. It 1s to be understood that substitution at a given atom is
limited by valency. It is to be understood that substitution at a given atom results in a chemically
stable molecule. The phrase "optionally substituted” means unsubstituted or substituted. The
term "substituted" means that a hyvdrogen atom is removed and replaced by a substituent. A
single divalent substituent, e.g., oxo, can replace two hydrogen atoms.

The term "Cu" indicates a range which includes the endpoints, wherein n and m are
mtegers and indicate the number of carbons. Examples include Ci.4, Ci6 and the like.

The term "alky!" employed alone or in combination with other terms, refers to a saturated
hydrocarbon group that may be straight-chained or branched. The term "Ch.m alkyl", refers to an
alkyl group having n to m carbon atoms. An alkyl group formally corresponds to an alkane with
one C-H bond replaced by the point of attachment of the alkyl group to the remainder of the
compound. In some embodiments, the alkyl group contains from 1 to 6 carbon atorus, from 1 fo
4 carbon atoms, from 1 to 3 carbon atoms, or 1 1o 2 carbon atoms. Examples of alkyl moieties
melude, but are not himited to, chemical groups such as methyl, ethyl, #-propyl, isopropyl, n-
butyl, fere-butyl, isobutyl, sec-butyl; higher homologs such as 2-methyl-1-buty], n-pentyl, 3-
pentyl, n-hexyl, 1,2 2-trimethyipropyl and the like.

The term "alkenvl® emploved alone or in combination with other terms, refers to a
straight-chain or branched hydrocarbon group corresponding to an alky! group having one or
more double carbon-carbon bonds. An alkenyl group formally corresponds to an alkene with one
C-H bond replaced by the point of attachment of the alkenyl group to the remainder of the
compound. The term "Caun alkeny!l” refers to an altkenyl group having n to m carbons. In some

embodiments, the alkenyl motety contains 210 6, 2 10 4, or 2 to 3 carbon atoms. Example

W
W



16

15

20

25

WO 2021/007402 PCT/US2020/041348

alkenyl groups include, but are not limited to, ethenyl, n-propenyl, isopropenyl, #-butenyl, sec-
butenyl and the hike.

The term "alkynyl" employed alone or in combination with other terms, refers to a
straight-chain or branched hydrocarbon group corresponding to an alkyl group having one or
more triple carbon-carbon bonds. An alkynyl group formally corresponds to an alkyne with one
C-H bond replaced by the point of attachment of the alkyl group to the remainder of the
compound. The term "Caam alkynyl” refers to an aikynyl group having n to m carbons. Example
alkynyl groups include, but are not limited to, ethynyl, propyn-1-y1, propyn-2-v1 and the like In
some embodiments, the alkynyl moiety contains 2 t0 6, 2 to 4, or 2 to 3 carbon atoms.

The term "abkylene", employed alone or in combination with other terms, refers to a
divalent alkyl linking group. An alkylene group formally corresponds to an alkane with two C-H
bond replaced by points of attachment of the alkylene group to the remainder of the compound.
The term "Coum alkylene” refers to an alkylene group having n to m carbon atoms. Examples of
alkylene groups include, but are not limited to, ethan-1 2-diyl, ethan-1,1-divl, propan-1 3-diyl,
propan-1,2-diyl, propan-1,1-divl, butan-1,4-divl, butan-1, 3-diyl, butan-1,2-divl, 2-methyl-
propan-1,3-diyl and the like.

The term "aming" refers to a group of formula —NH,.

The term "carbonyl”, emploved alone or in combination with other terrs, refers to
a -C(=0)- group, which also may be written as C{O).

The term "cyano” or "nitrile” refers to a group of formula —C=N, which also may be
written as ~CN.

The terms "halo" or "halogen”, used alone or in combination with other terms, refers to
fluore, chloro, bromo and iedo. In some embodiments, “halo" refers to a halogen atom selected
from F, Cl, or Br. In some embodiments, halo groups are F.

The term "haloalky!l" as used herein refers to an alkyl group 1n which one or more of the
hydrogen atoms has been replaced by a halogen atom. The term "Ch.m haloalkyl” refers to a Con
alkyl group having n to m carbon atoms and from at least one up to {2{n to m)+1} halogen
atoms, which may either be the same or different. In some embodiments, the halogen atoms are

fluoro atoms. In some embodiments, the haloalkyl group has 1 to 6 or 1 to 4 carbon atoms.
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Example haloalkyl groups include CF3, TaFs, CHF,, CHOF, CCls, CHCh, CyCls and the like. In
some embodiments, the haloalkyl group 1s a fluoroaltkyl group.

The term "haloalkoxy”, employed alone or in combination with other terms, refers to a
group of formula -O-haloalkyl, wherein the haloalkyl group 1s as defined above. The term "Cum
haloalkoxy" refers to a haloalkoxy group, the haloalkyl group of which has n to m carbons.
Example haloalkoxy groups inciude trifluoromethoxy and the like. In some embodiments, the
halpalkoxy group has 1 t0 6, 1 to 4, or 1 to 3 carbon atoms.

The term "oxo" refers to an oxygen atom as a divalent substituent, forming a carbonyl
group when attached to carbon, or attached to a heteroatom forming a sulfoxide or sulfone
group, or an N-oxide group. In some embodiments, heterocyclic groups may be optionally
substituted by 1 or 2 oxo (=0} substituents.

The term “oxidized” in reference to a ring-forming N atom refers to a ring-forming N-
oxide.

The term “oxidized” in reference to a ring-forming § atom refers to a ring-forming
sulfony! or ring-forming sulfinyl.

The term "aromatic" refers to a carbocycle or heterocycle having one or more
polyunsaturated rings having aromatic character (7.e., having {(4n + 2} delocalized U {(p1)
electrons where n is an integer).

The term "aryl,” employed alone or in combination with other terms, refers to an
aromatic hydrocarbon group, which may be monocyclic or polycyelhic {e.g., having 2 fused
rings). The term "Camaryl” refers to an aryl group baving from n to m ring carbon atoms. Aryl
groups include, e.g., phenyl, naphthyl, and the like. In some embodiments, aryl groups have
from 6 to about 10 carbon atoms. In some embodiments aryl groups have 6 carbon atoms. In
some embaodiments aryl groups have 10 carbon atoms. In some embodiments, the aryl group 15
phenyl.

The term "hetercaryl” or "heteroaromatic,” eraployed alone or in combination with other
terms, refers to a monocyclic or polycyclic aromatic heterocycle having at east one heteroatom
ring member selected from sulfur, oxygen and nitrogen. In some embodiments, the heteroaryl
ring has 1, 2, 3 or 4 hetercatom ring members independently selected from nitrogen, sulfur and

oxygen. In some embodiments, any ring-forming N 1u a hetercaryl moiety can be an N-oxide. In
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some embodiments, the heteroaryl has 5-14 ring atoms inclading carbon atoms and 1, 2, 3 or 4
hetercatom ring members independently selected from nitrogen, suifur and oxygen. In some
embodiments, the heteroaryl has 5-10 ring atoms including carbon atoms and 1, 2, 3 or 4
hetercatom ring members independently selected from nitrogen, sulfur and oxygen. In some
embodiments, the heteroaryl has 5-6 ring atoms and 1 or 2 hetercatom ring members
independently selected from nitrogen, sulfur and oxygen. In some embodimenis, the hetercaryl
is a five-membered or sux-membered heteroaryl ring. In other embodiments, the heteroaryl is an
eight-membered, nine-membered or ten-membered fused bicvclic heteroaryl ring.

A five-membered heteroaryl ring 1s a heteroaryl group having five ring atoms wherein
one or more {e.g., 1, 2 or 3) ring atoms are independently selected from N, & and S.

A six-membered heteroaryl ring is a heteroaryl group having six ring atoms wherein one
or more {e.g., 1, 2 or 3) ring atoms are independently selected from N, O and 8.

The term "cycloalkyl," employed alone or in combination with other terms, refers to a
non-aromatic hydrocarbon ring system {monocyclic, bicyclic or polycyelic), including cyclized
alkvl and alkeny! groups. The term "Cym cycloalkyl" refers to a cycloalkyl that has n to m ning
member carbon atoms. Cycloalkyl groups can include mono- or polyeyelic {e.g., having 2, 3 or 4
fused rings) groups and spirocycles. Cycloalky! groups can have 3, 4, 5, 6 or 7 ring-forming
carbons {Ca7). In some embodiments, the cycloalkyl group has 3 to 6 ring members, 3 to 5 ring
members, or 3 to 4 ring members. In some embodiments, the cycloalkyl group is monocychic. In
some embaodiments, the cycloalkyl group i1s monocyclic or bicyclic. In some embodiments, the
cycloalkyl group 15 a Cie monocyelic cycloalkyl group. Ring-fornung carbon atoms of a
cycloalkyl group can be optionally oxidized to form an oxo or sulfido group. Cycloalkyl groups
also include cycloalkylidenes. In some embodiments, cycloalkyl is cyclopropyl, cvelobutyl,
cyclopentyl or cyclohexyl Also included 1n the definition of cycloalkyl are moieties that have
one or more aromatic rings fused (7.e., having a bond in common with} to the cycloalkyl ring,
e.g., benzo or thienyl derivatives of cyclopentane, cyclohexane and the like. A cycloalkyl group
containing a fused aromatic ring can be attached through any ring-formung atom mcloding a
ring-forming atom of the fused aromatic ring. Examples of cycloalky! groups include

cyclopropyl, cyelobutyl, cyclopentyl, cyelohexyl, cycloheptv, cyclopentenyl, cyclohexenyl,
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cyclohexadienyl, and the like. In some embodiments, the cycloalkyl group 1s cyclopropyl,
cyclobutyl, eyclopentyl, or cyclohexyl.

The term "heterocycloalkyl,” employed alone or m combination with other terms, refers
to a non-aromatic ring or ring systenm, which may optionally contain one or more alkenylene
groups as part of the ring structure, which has at least one heteroatom ring member
mdependently selected from nitrogen, sulfur, oxygen and phosphorus, and which has 4-10 ring
members, 4-7 ring members, or 4-6 ring members. Included within the term “heterocycloalicy!”
are monocyclic 4-, 5-, 6- and 7-membered heterocycloalkyl groups. Heterocycloalkyl groups can
imclude mono- or bicyclic {e.g., having two fused or bridged rings) or spirocyclic ring systems.
In some embodiments, the heterocycloalkyl group i1s 2 monocyclic group having 1, 2 or 3
heteroatoms independently selected from nitrogen, sulfur and oxvgen. Ring-forming carbon
atoms and heteroatoms of a heterocycloalkyl group can be optionally oxidized to form an oxo or
sulfido group or other oxidized linkage (e.g., C(Q), S{0), C(8) or 8(O), N-oxide etc ) or a
nitrogen atom can be quaternized. The heterocycloalkyl group can be attached through a ring-
forming carbon atom or a ring-forming heterocatom. In some embodiments, the heterocycloallyl
group contains 0 1o 3 double bonds. In some embodiments, the heterocycloalkyl group contains
0 to 2 double bonds. Also included in the definition of heterocycloalkyl are moieties that have
one or more aromatic rings fused (7.e., having a bond 1n common with) to the heterocycloalkyl
ring, €.g., benzo or thieny! derivatives of piperidine, morpheline, azepine, efc. A
heterocycloalky] group containing a fused aromatic ring can be attached through any ring-
forming atom including a ring-forming atom of the fused aromatic ring. Examples of
heterocycloalky] groups include 2-pyrrohidinyl, morpholinyl, azetidinyl, tetrahydrofuranyd,
tetrahydropyranyl, and piperazinyl.

At certain places, the definitions or embodiments refer to specific rings {e. 2., an azetidine
ring, a pyridine ring, efc ). Unless otherwise indicated, these rings can be attached to any ring
member provided that the valency of the atom is not exceeded. For example, an azetidine ring
may be attached at any position of the ring, whereas an azetidin-3-yl ring 1s attached at the 3-
position.

The compounds described herein can be asymmetric {e.g., having one or more

stereocenters). All stereoisomers, such as enantiomers and diastereomers, are intended unless
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otherwise indicated. Compounds of the present invention that contain asymmetrically substituted
carbon atoms can be isolated in optically active or racemic forms. Methods on how to prepare
optically active forms from optically inactive starting materials are known in the art, such as by
resolution of racemic mixiures or by stereoselective synthesis. Many geometric 1somers of
olefins, C=N double bonds and the like can also be present in the compounds described herein,
and all such stable isomers are contemplated in the present invention. Cis and frans geometric
isomers of the compounds of the present invention are described and may be isolated as a
mixture of isomers or as separated isomeric forms.

Resolution of racemic mixtures of compounds can be carried out by any of numerous
methods known in the art. One method includes fractional recrystallization using a chiral
resolving actd which 1s an optically active, salt-forming organic acid. Suitable resolving agents
for fractional recrystallization methods are, e.g., optically active acids, such as the Dand L
forms of tartaric acid, diacetylartaric acid, dibenzoyltartaric acid, mandelic acid, malic acid,
lactic acid or the various optically active camphorsulfonic acids such as a~-camphorsulfonic acid.
Other resolving agents suitable for fractional crystallization methods include sterecisomerically
pure forms of g-methylbenzylamine (e.g., S and R forms, or diastereomerically pure forms), 2-
phenylglycinol, norephedrine, ephedrine, N-methylephedrine, cyclohexylethylamine, 1,2-
diammnocyclohexane and the like.

Resolution of racemic mixtures can also be carried out by elution on a column packed
with an optically active resolving agent {e.g., dinitrobenzoylphenylglycine). Suitable elution
solvent composition can be determined by one skilled 1n the art

In some embodiments, the compounds of the invention have the (R)-configuration. In
other embodiments, the compounds have the (S)-configuration. In compounds with more than
one chiral centers, each of the chiral centers in the compound may be independently (R) or (),
unless otherwise indicated.

Compounds of the invention also include tautomeric forms. Tautomeric forms result
from the swapping of a single bond with an adjacent double bond together with the concomitant
migration of a proton. Tautomeric forms mclude prototropic tautomers which are isomeric
protonation states having the same empirical formula and total charge. Example prototropic

tautomers include ketone — enol pairs, armide - imidic acid patrs, lactam — lactim pairs, enamine
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—imine pairs, and annular forms where a proton can occupy two or more positions of a
heterocyclic system, e.g., 1/~ and 3H-mmidazole, 1H-, 2H- and 4H- 1,2 4-triazole, 1/H- and 2H-
isoindole and 15- and 2H-pyrazole. Tautomeric forms can be in equilibrium or sterically locked
mto one form by appropriate substitution.

Compounds of the invention can also include all isotopes of atoms occurring in the
intermediates or final compounds. Isotopes include those atoms having the same atomic number
but different mass numbers. For example, isotopes of hydrogen include tritium and deuterium.
One or more constituent atoms of the compounds of the invention can be replaced or substituted
with isotopes of the atoms in natural or non-natural abundance. In some embodiments, the
compound includes at least one deuterium atom. For example, one or more hydrogen atoms ina
compound of the present disclosure can be replaced or substituted by deuterium. In some
embodiments, the compound includes two or more deuterium atoms. In some embodiments, the
compound includes 1,2, 3,4,5,6,7, 8,9, 10, 11 or 12 deuterium atoras. Synthetic methods for
mnchuding isotopes into organic compounds are known in the art (Deuterium Labeling in Organic
Chemistry by Alan F. Thomas {(New York, N.Y., Appleton-Century-Crofts, 1971; The
Renaissance of H/D Exchange by Jens Atzrodt, Volker Derdau, Thorsten Fey and Jochen
Zimmermann, Angew. Chem. Int. Ed. 2007, 7744-7765; The Organic Chemistry of Isotopic
Labelling by James R. Hanson, Royal Society of Chemaistry, 201 1). Isotopically labeled
compounds can used in various studies such as NMR spectroscopy, metabolism experiments,
and/or assays.

Substitution with heavier isotopes such as deutertum, may afford certain therapeutic
advantages resulting from greater metabolic stability, for example, increased in vivo half-life or
reduced dosage requirements, and hence may be preferred in some circumstances. {A. Kerekes
et.al J Med Chem. 2011, 54, 201-210; R. Xu etal J. Label Compd. Radiopharm. 2015, 38,
308-312).

The term, "compound,” as used herein 13 meant to mclude all steresisomers, geometric
1somers, tautomers and 1sotopes of the structures depicted. The term 15 also meant to refer to
compounds of the inventions, regardless of how they are prepared, e.g., synthetically, through

biological process {e.g., metabolism or enzyme conversion), or a combination thereof.

61



16

15

20

25

30

WO 2021/007402 PCT/US2020/041348

All compounds, and pharmaceutically acceptable salts thereof, can be found together
with other substances such as water and solvents (e.g., hydrates and solvates) or can be 1solated.
When in the sohd state, the compounds described herein and salts thereof may occur in various
forms and may, e.g., take the form of solvates, including hydrates. The compounds may be in
any solid state form, such as a polymorph or solvate, so uniess clearly indicated otherwise,
reference in the specification to compounds and salis thereof should be understood as
encompassing any solid state form of the compound.

In some embodiments, the compounds of the invention, or salts thereof, are substantially
isolated. By "substantially isolated" is meant that the compound is at least partially or
substantially separated from the environment in which 1t was formed or detected. Partial
separation can include, e.g., a composition enriched in the compounds of the mvention.
Substantial separation can include compositions containing at least about 50%, at least about
60%, at least about 70%, at east about 80%, at least about 90%, at least about 95%, at least
about 97%, or at least about 99% by weight of the compounds of the invention, or salt thereof.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, uritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

The expressions, "ambient temperature” and "room temperature,” as used herein, are
understood in the art, and refer generally to a temperature, e.g., a reaction temperature, that is
about the temperature of the room in which the reaction is carried out, e.g., a temperature from
about 20 °C to about 30 °C.

The present invention also includes pharmaceutically acceptable salts of the compounds
described herein. The term "pharmaceutically acceptable salts” refers to derivatives of the
disclosed compounds wherein the parent compound 1s modified by converting an existing acid
or base moiety to its salt form. Examples of pharmaceutically acceptable salts include, but are
not limited to, mineral or organic acid salts of basic residues such as amines; alkali or organic
salts of acidic residues such as carboxylic acids; and the like. The pharmaceutically acceptable

salts of the present invention include the non-toxic salts of the parent compound formed, e.g.,
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from non-toxic norganic or organic acids. The pharmaceutically acceptable salts of the present
mvention can be synthesized from the parent compound which contains a basic or acidic moiety
by conventional chemical methods. Generally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stotchiometric amount of the appropriate base or
acid i water or in an organic solvent, or in a mixture of the two; generally, non-aqueous media
iike ether, ethyl acetate, alcohols (e g, methanol, ethanol, iso-propanol or butanol) or acetonitrile
{(Me(C NN} are preferred. Lists of suitable salts are found in Remingion's Pharmaceutical Sciences,
179 Ed., (Mack Publishing Company, Faston, 1985}, p. 1418, Berge e al., J. Pharm. Sci., 1977,
66{1}, 1-19 and 1n Stahl ef of., Handbook of Pharmaceutical Saits: Properties, Selection, and
Use, {(Wiley, 2002). In some embodiments, the compounds described herein include the N-oxids

forms.

Synthesis

Compounds of the invention, including salts thereof, can be prepared using known
organic synthesis technigues and can be synthesized according to any of numerous possible
synthetic routes, such as those in the Schemes below.

The reactions for preparing compounds of the invention can be carried out in suitable
solvents which can be readily selected by one of skill in the art of organic synthesis. Suitable
solvents can be substantially non-reactive with the starting materials {reactants), the
mtermediates or products at the temperatures at which the reactions are carried out, e.g.,
temperatures which can range from the solvent's freezing temperature to the solvent's boiling
temperature. A given reaction can be carried out in one solvent or a mixture of more than one
solvent. Depending on the particular reaction step, suitable solvents for a particular reaction step
can be selected by the skilled artisan.

Preparation of compounds of the invention can involve the protection and deprotection of
various chemical groups. The need for protection and deprotection, and the selection of
appropriate protecting groups, can be readily determined by one skilled in the art. The chemistry
of protecting groups i1s described, e.g., in Kocienski, Profecting Groups, {Thieme, 2007},
Robertson, Protecting Group Chemistry, {Oxford University Press, 2000); Smith et af , March's

Advanced Organic Chemisiry: Reactions, Mechanisms, and Structure, 6% Ed. (Wiley, 2007);
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Peturssion et af., "Protecting Groups in Carbohydrate Chemistry," J. Chem. Educ., 1997, 74(11),
1297, and Wuts ef al., Protective Groups in Organic Synthesis, 4th Ed., (Wiley, 2006}
Reactions can be monitored according to any suitable method known in the art. For
example, product formation can be monitored by spectroscopic means, such as nuclear magnetic
5 resonance spectroscopy {e.g., 'H or PC), infrared spectroscopy, spectrophotometry (e.g., UV-
visible}, mass spectrometry or by chromatographic methods such as high performance liquid
chromatography (HPLC) or thin layer chromatography (TLC).
The Schemes below provide general guidance in connection with preparing the
compounds of the invention. One skilled in the art would understand that the preparations shown
10 inthe Schemes can be modified or optimized using general knowledge of organic chemistry to
prepare various compounds of the invention.
Compounds of Formula (I} can be prepared, e.g., using a process as illustrated in the
schemes below.

Scheme 1: Svnthesis of Direct Conjugaies

X
s

N
2 ra” 8

S
Rz/\s N
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A small molecule microtubule targeting moietywhich contains an inherent thiol (R?-
SH}, such as DM or DM4, can be activated by the formation of pyridyl disulfide {wherein X
is, for example, H, halo, etc.), which can be displaced with a thiolcontaining R! peptide in a

disulfide exchange reaction to give the desired conjugate where —S-8- 1s the huking moiety L.

20 Scheme 2: Synthesis of Direct Conjugates
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\Y h{ \S-——mm + 2\"""SH N g gy
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Alternatively, the R' peptide, which has an inherent thiol, can be activated by the
formation of pyridyl disulfide (1) which can be displaced with a thiol-containing R” ina

disulfide exchange reaction to give the desired direct conjugate where L ig ~8-58-,

Scheme 3: Synthesis of Thioethyl Amine Amide Conjugates

X

\ _— . RS ,?RF

s R r? &

£ S PG
IS A8 s SNg” e

N 5 9 N nnnannasnsnalnn K
R R E R RS
v Vi

A protected ethyl amine, containing a thiol group that has been activated as pyridyl
disulfide V can be reacted with thiol-containing R? in a disulfide exchange reaction to give
VI Disulfide VI can be deprotected to give VI and further reacted with a propionic
maleimide IX 10 an acid coupling reaction to provide amide X. Anude X can be reacted with a

thiol containing peptide in a Michael addition to give the desired conjugate.
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Scheme 4 Synthesis of Thiobutvric Amide Conjugates
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A thiol-containing butyric acid that has been activated as a pyridyl disulfide X1 can be
reacted with thiol containing R? in a disulfide exchange reaction to give XI1. Disulfide acid
X can be reacted with ethylaminomaleimide XIT in an acid coupling reaction to provide
amide XIV. Amide XIV can be reacted with a thiol-containing peptide in a Michael addition

to give the desired conjugate.

The peptides R may be prepared using the solid-phase synthetic method first described by
Merrifield in J.A.C.S,, Vol. 85, pgs. 2149-2154 (1963}, although other art-known methods may
also be emploved. The Mermfield technique 1s well understood and 15 a common method for
preparation of peptides. Useful technigues for solid-phase peptide synthesis are described in
several books such as the text "Principles of Peptide Synthesis" by Bodanszky, Springer Verlag
1984 This method of synthesis involves the stepwise addition of protected amino acids to a

growing peptide chain which was bound by covalent bonds to a solid resin particle. By this
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procedure, reagents and by-products are removed by filtration, thus eliminating the necessity of
purifying intermediates. The general concept of this method depends on attachment of the first
amunoe acid of the chain to a solid polymer by a covalent bond, followed by the addition of the
succeeding protected amino acids, one at a time, 1n a stepwise manner until the desired sequence
15 asserbled. Finally, the protected peptide is removed from the solid resim support and the

protecting groups are cleaved off.

The amino acids may be attached to any suitable polymer. The polymer must be insoluble
in the solvents used, must have a stable physical form permitting ready filtration, and must
contain a functional group to which the first protected amino acid can be firmly linked by a
covalent bond. Various polymers are suitable for this purpose, such as cellulose, polyvinyl

alcohol, polymethylmethacrylate, and polystyrene.

Methods of Use

Provided herein is the use of the compounds of formula (1) in the treatment of diseases,
such as cancer or neurodegenerative disease. Another aspect of the present invention is the use
of the compounds of formula (I) in the treatment of diseases involving acidic or hypoxic
diseased tissue, such as cancer. Hypoxia and acidosis are physiological markers of many disease
processes, including cancer. In cancer, hypoxia is one mechanism responsible for development
of an acid environment within solid tumors. As a result, hydrogen ions must be removed from
the cell {e.g., by a proton pump) to maintain a normal pH withan the cell. As a consequence of
this export of hydrogen ions, cancer cells have an increased pH gradient across the cell
membrane lipid bilaver and a lower pH in the extracellular milieu when compared to normal
cells. One approach to improving the efficacy and therapeutic index of cytotoxic agents is to
leverage this physiological characteristic to afford selective delivery of compound to hypoxic
celis over healthy tissue.

In these methods of treatment, a therapeutically-effective amount of a compound of
formula (I} or a pharmaceutically-acceptable salt thereof may be administered as a single agent
or in combination with other forms of therapy, such as ionizing radiation or cytotoxic agents in
the case of cancer. In combination therapy, the compound of formula (I} may be administered

before, at the same time as, or after the other therapeutic modality, as will be appreciated by
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those of skill in the art. Either method of treatment (single agent or combination with other
forms of therapy} may be administered as a course of treatment involving multiple doses or
ireatments over a period of time.

Examples of cancers that are treatable using the compounds of the present disclosure
melude, but are not hmited to, colorectal cancer, gastric cancer, bone cancer, pancreatic cancer,
skin cancer, cancer of the head or neck, cutaneous or intraoccular malignant melanoma, uterine
cancer, ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, testicular
cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometriem,
endometrial cancer, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva,
Hodgkin's Disease, non-Hodgkin's lymphoma, cancer of the esophagus, cancer of the small
mtestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid
gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the
penis, chronic or acute leukemias including acute myeloid leukemia, chronic myeloid leukemia,
acute lymphoblastic leukemia, chronic lymphocytic leukemia, solid tumors of childhood,
lymphocytic lymphoma, cancer of the bladder, cancer of the kidney or urethra, carcinoma of the
renal pelvis, neoplasm of the central nervous system (CNS), primary CNS lymphoma, tumor
angiogenesis, spinal axis tumor, brain stem glioma, pituitary adenoma, Kapost's sarcoma,
epidermoid cancer, squamous cell cancer, T -cell lymphoma, environmentally induced cancers
mchuding those induced by asbestos, and combinations of said cancers.

In some embodiments, cancers treatable with compounds of the present disclosure
mclude bladder cancer, bone cancer, glioma, breast cancer {e.g., triple-negative breast cancer),
cervical cancer, colon cancer, colorectal cancer, endometrial cancer, epithelial cancer,
esophageal cancer, Ewing's sarcoma, pancreatic cancer, gallbladder cancer, gastric cancer,
gastrointestinal tumors, head and neck cancer {upper aerodigestive cancer), intestinal cancers,
Kapost's sarcoma, kidney cancer, laryngeal cancer, hiver cancer {e.g., hepatoceliular carcinoma),
fung cancer {(e.g., non-small cell lung cancer, adenocarcinoma}, melanoma, prostate cancer,
rectal cancer, renal clear cell carcinoma, skin cancer, stomach cancer, testicular cancer, thyroid
cancer, and uterine cancer.

In some embodiments, cancers treatable with compounds of the present disclosure

include melanoma {(e.g., metastatic malignant melanoma), renal cancer {(e.g. clear cell
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carcinoma), prostate cancer (e.g. hormone refractory prostate adenocarcinoma}, breast cancer,
triple-negative breast cancer, colon cancer and lung cancer (e.g non-small cell lung cancer and
smali cell lung cancer). Additionally, the disclosure includes refractory or recurrent
malignancies whose growth may be inhibited using the compounds of the disclosure.

In some embodiments, cancers that are freatable using the compounds of the present
disclosure include, but are not limited to, solid tumors {e.g., prostate cancer, colon cancer,
esophageal cancer, endometrial cancer, ovarian cancer, utering cancer, renal cancer, hepatic
cancer, pancreatic cancer, gastric cancer, breast cancer, lung cancer, cancers of the head and
neck, thyroid cancer, glioblastoma, sarcoma, bladder cancer, ete.), hematological cancers {e.g.,
lymphoma, leukenua such as acute lymphoblastic leukemia (ALL), acute myelogenous leukemia
{AML}, chronic lymphocytic leukemia (CLL), chronic myelogenous leukenua (CML), DLBCL,
mantle cell lymphoma, Non-Hodgkin lymphoma (including relapsed or refractory NHL and
recurrent follicular), Hodgkin lymphoma or multiple myeloma) and combinations of said
cancers.

In certain embodiments, a compound of formula (1) or a pharmaceutically-acceptable
salt thereof may be used in combination with a chemotherapeutic agent, a targeted cancer
therapy, an immunotherapy or radiation therapy. The agents can be combined with the present
compounds m a single dosage form, or the agents can be administered simultaneously or
sequentially as separate dosage forms. In some embodiments, the chemotherapeutic agent,
targeted cancer therapy, immunotherapy or radiation therapy 15 less toxic to the patient, such as
by showing reduced bone marrow toxicity, when administered together with a compound of
formula (I}, or a pharmaceutically acceptable salt thereof, as compared with when administered
in combination with the corresponding microtubule targeting agent (e.g., R%--H).

Suitable chemotherapeutic or other anti-cancer agents include, for example, alkvlating
agents {including, without himitation, nitrogen mustards, ethylenimine derivatives, alkyl
sulfonates, nitrosoureas and triazenes} such as uraci mustard, chlormethine, cyclophosphamide

(Cytoxan™),

ifosfamide, melphalan, chlorambucil, pipobroman, triethviene-melamine,
tricthylenethiophosphoramine, busulfan, carmustine, lomustine, streptozocin, dacarbazine, and

temozolomide,
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(ther suitable agents for use in combination with the compounds of the present
mvention mclude: dacarbazine (DTIC), optionally, along with other chemotherapy drugs such
as carmustine (BCNU} and cisplatin; the “Dartmouth regimen,” which consists of DTIC,
BCNU, csplatin and tamoxifen; a combination of cisplatin, vinblastine, and DTIC; or
temozolomide. Compounds according to the invention may also be combined with
immunotherapy drugs, including cytokines such as interferon alpha, interleukin 2, and tumor
necrosis factor {TNF).

Suitable chemotherapeutic or other anti-cancer agents include, for example,
antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs, purine
analogs and adenosing deaminase inhibitors) such as methotrexate, S-fluprouracil, floxuridine,
cytarabine, 6-mercaptopurine, 6-thioguanine, fludarabine phosphate, pentostatine, and
gemcitabine.

Suitable chemotherapeutic or other anti-cancer agents further include, for example,
certain natural products and their derivatives (for example, vinca alkaloids, antitumor
anttbiotics, enzymes, lymphokines and epipodophyHotoxins) such as vinblastine, vincristine,
vindesine, bleomycin, dactinomycin, daunorubicin, doxorubicin, epirubicin, idarubicin, ara-C,
pachitaxel (TAXOL™), mithramyein, deoxycoformyein, mitomycin-C, L-asparaginase,
mterferons (especially TFN-a), etoposide, and teniposide.

Other cytotoxic agents that can be administered in combination with the compounds of
the invention include, for example, navelbene, CPT-11, anastrazole, letrazole, capecitabine,
reloxafine, cyclophosphamide, ifosamide, and droloxafine,

Also suitable are cytotoxic agents such as, for example, epidophyliotoxin; an
antineoplastic enzyme; a topoisomerase inhibitor; procarbazine; mitoxantrone; platinum
coordination complexes such as cis-platin and carboplatin; biological response modifiers;
growth inhibitors; antthormonal therapeutic agents; leucovorin; tegafur; and haematopoietic
growth factors,

Other anti-cancer ageni(s) include antibody therapeutics such as trastuzumab
{Herceptin}, antibodies to costimulatory molecules such as CTLA-4, 4-1BB and PD-1, or

antibodies to cytokines {IL.-10, TGF-q, etc.).
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Other anti-cancer agents also include those that block immune cell migration such as
antagonists to chemokine receptors, including CCR2 and CCR4.

(Other anti-cancer agents also mclude those that augment the immune system such ag
adjuvants or adoptive T cell transfer.

Anti-cancer vaccines that can be administered in combination with the compounds of the
mvention include, for example, dendritic cells, synthetic peptides, DNA vaccines and
recombinant viruses.

Other suitable agents for use in combination with the compounds of the present
mvention include chemotherapy combinations such as platinum-based doublets used in fung
cancer and other solid tumors {cisplatin or carboplatin plus gemcitabine; cisplatin or carboplatin
plus docetaxel; cisplatin or carboplatin plus paclitaxel; cisplatin or carboplatin plus pemetrexed)
or gemcitabine plus paclitaxel bound particles (Abraxane®).

Compounds of this invention may be effective in combination with anti-hormonal agents
for treatment of breast cancer and other tumors. Suitable examples are anti-estrogen agents
mcluding but not limited to tamoxifen and toremifene, aromatase inhibitors including but not
limited to letrozole, anastrozole, and exemestane, adrenocorticosteroids {e.g. prednisone),
progestins {e.g. megastrol acetate), and estrogen receptor antagonists {e.¢. fulvestrant). Suitable
anti-hormone agents used for treatment of prostate and other cancers may also be combined
with compounds of the present invention. These include anti-androgens including but not
limited to flutamide, bicalutarmde, and nilutamide, luteinizing hormone-releasing hormone
(LHRH) analogs including leuprolide, goserelin, triptorelin, and histrehin, LHRH antagounists
(e.g. degarelix), androgen receptor blockers (e g enzalutamide) and agents that inhubit androgen
production (e.g. abiraterone}.

Compounds of the present invention may be combined with or administered in sequence
with other agents against membrane receptor kinases especially for patients who have
developed primary or acquired resistance to the targeted therapy. These therapeutic agents
melude imhibitors or antibodies against EGFR, Her2, VEGFR, ¢-Met, Ret, IGFR1, or Flt-3 and
against cancer-associated fusion proten kinases such as Ber-Abl and EML4-Alk. Inhibitors
agaimst EGFR include gefitinib and erlotinib, and inhibitors against EGFR/Her2 include but are

not limited to dacomitinib, afatinib, lapitimb and neratinib.  Antibodies against the EGFR
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melude but are not hmited to cetuximab, panitumumab and necitumomab. Inhibitors of ¢-Met
may be used in combination with the compounds of the invention. These include
onartumzumab, tivantuib, and INC-280. Agents against Abl {or Ber-Abl) include nmatinub,
dasatinub, nilotinib, and ponatinib and those against Alk {or EML4-ALK)} include crizotinib,

Angiogenesis inhibitors may be efficacious in some tumors in combination with
compounds of the invention. These include antibodies against VEGF or VEGFR or kinase
mhibitors of VEGFR. Antibodies or other therapeutic proteins against VEGF include
bevacizumab and aflibercept. Inhibitors of VEGFR kinases and other anti-angiogenesis
mhibitors include but are not himited to sunitinib, sorafenib, axatimib, cediranib, pazopanmb,
regorafenib, brivanib, and vandetanib

Activation of intracellular signaling pathways is frequent in cancer, and agents targeting
components of these pathways have been combined with receptor targeting agenis to enhance
efficacy and reduce resistance. Examples of agents that may be combined with compounds of
the present invention include inhibitors of the PI3K-AKT-mTOR pathway, inhibitors of the
Raf-MAPK pathway, inhibitors of JAK-STAT pathway, and mhubitors of protein chaperones
and cell cycle progression.

Agents against the PI3 kinase include but are not imited topilaralisib, idelalisib,
buparlisib. Inhibitors of mTOR such as rapamycin, sirolimus, temsirohimus, and everolimus
may be combined with compounds of the invention. Other suitable examples include but are not
limited to vemurafenib and dabraferub (Raf inhibitors) and trametinib, selumetinib and GDC-
0973 (MEK wnhibitors). Inhibitors of one or more JAKs {e.g., ruxolitimib, baricitinib,
tofacitinib), Hsp90 (e g., tanespimycin), cyclin dependent kinases (e.g., palbociclib), HDACs
{e.g., panobmostat), PARP {(e.g, olaparib), and proteasomes (e.g., bortezomib, carfilzomib} can
also be combined with compounds of the present invention. A further example of a PARP
mhbibitor that can be combined with a compound of the invention is talazoparib.

Methods for the safe and effective administration of most of these chemotherapeutic
agents are known to those skilled in the art. In addition, their admimistration is described in the
standard literature. For example, the administration of many of the chemotherapeutic agents is

described in the "Physicians' Desk Reference” (PDR, e.g., 1996 edition, Medical Economics
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Company, Montvale, NJ}, the disclosure of which is incorporated herein by reference as if set
forth in its entirety.

The phrase "therapeutically effective amount” of a compound (therapeutic agent, active
mgredient, drug, etc.) refers to an amount of the compound to be administered to a subject in
need of therapy or treatment which alleviates a symptom, ameliorates a condition, or slows the
onset of disease conditions, according to clinically acceptable standards for the disorder or
condition to be treated. For instance, a therapeutically effective amount can be an amount which
has been demonstrated to have a desired therapeutic effect in an 72 virro assay, an in vivo animal
assay, or a clinical trial. The therapeutically effective amount can vary based on the particular
dosage form, method of administration, treatment protocol, specific disease or condition to be
treated, the benefit/risk ratio, etc., among numerous other factors.

Said therapeutically effective amount can be obtained from a clinical trial, an animal
model, or an in vitro cell culture assay. It is known in the art that the effective amount suitable
for human use can be calculated from the effective amount determined from an animal model
or an in vitro cell culture assay. For instance, as reported by Reagan-Shaw et al, FASER J.
2008: 22(3) 6539-61, “po/ml” {effective amount based on in vitro cell culture assays) = “mg/kg
body weight/day” (effective amount for a mouse). Furthermore, the effective amount for a
human can be calculated from the effective amount for a mouse based on the fact that the
metabelism rate of mice is 6 times faster than that of humans.

As an example of treatment using a compound of formula (1) in combination with a
cytotoxic agent, a therapeutically-effective amount of a compound of formula (1) may be
administered to a patient suffering from cancer as part of a treatiment regimen also involving a
therapeutically-effective amount of ionizing radiation or a cytotoxic agent. In the context of
this treatment regimen, the term “therapeutically-effective” amount should be understood to
mean effective in the combination therapy. It will be understood by those of skill in the
cancer-treatment field how to adjust the dosages to achieve the optimmum therapeutic outcome,

Similarly, the appropriate dosages of the compounds of the invention for treatment of
non-cancerous diseases or conditions {such as cardiovascular diseases} may readily be

determined by those of skill in the medical arts.
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The term "treating” as used herein includes the administration of a compound or
composttion which reduces the frequency of, delays the onset of,) or reduces the progression of
symptoms of a disease involving acidic or hypoxic diseased tissue, such as cancer, stroke,
myocardial infarction, or long-term neurodegenerative disease, in a subject relative to a subject
not recetving the compound or composition. This can include reversing, reducing, or arresting
the symptoms, clinical signs, or underlying pathology of a condition in a manner to improve or
stabilize a subject's condition {e.g., regression of tumor growth, for cancer or decreasing or
ameliorating myocardial ischemia reperfusion injury in myocardial infarction, stroke, or the like
cardiovascular disease). The terms "inhibiting" or "reducing” are used for cancer in reference to
methods to inhibit or to reduce tumor growth (e.g., decrease the size of a tumor) in a population
as compared to an untreated control population.

All publications {including patents) mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in connection with the
disclosure herein described. The publications discussed throughout the text are provided solely
for their disclosure prior to the filing date of the present application.

Dhisclosed herein are several types of ranges. When a range of any type is disclosed or
claimed, the intent 1s to disclose or claim individually each possible number that such a range
could reasonably encompass, including end points of the range as well as any sub-ranges and
combinations of sub-ranges encompassed therein. When a range of therapeutically effective
amounts of an active ingredient 1s disclosed or claimed, for instance, the intent is to disclose or
claim individually every possible number that such a range could encompass, consistent with the
disclosure herein. For example, by a disclosure that the therapeutically effective amount of a
compound can be in a range from about | mg/kg to about 30 mg/ke {of body weight of the

subject).

Forpdation, Dosage Forms and Administration
To prepare the pharmaceutical compositions of the present invention, a compound of
Formula (I} or a pharmaceutically-acceptable salt thereof is combined as the active ingredient

m mtimate admixture with a pharmaceutical carrier according to conventional pharmaceutical
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compounding techniques, which carrier may take a wide variety of forms depending on the
form of preparation desired for administration, e.g., oral or parenteral. In preparing the
compositions in oral dosage form, any of the usual pharmaceutical media may be emploved,
such as for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring
agents, and the like in the case of oral liguid preparations such as for example, suspensions,

granulating agents,

L=

elixirs, and solutions; or carriers such as starches, sugars, diluents
lubricants, binders, disintegrating agents, and the like in a case of oral solid preparations, such
as for example, powders, capsules, and tablets. Because of their ease in admuinistration, tablets
and capsules represent the most advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. If desired, tablets may be sugar coated or
enteric coated by standard techniques. For parenterals, the carrier will usually comprise sterile
vater, although other ingredients, for example, to aid solubility or for preservative purposes,
may be included. Injectable suspensions may also be prepared, in which case appropriate
liquid carriers, suspending agents, and the like may be emploved. One of skill in the
pharmaceutical and medical arts will be able to readily determine a suitable dosage of the
pharmaceutical compositions of the mvention for the particular disease or condition to be

treated.
EXAMPLES

As used herein, all abbreviations, symbols and conventions are consistent with
those used in the contemporary scientific literature. See, e g, Janet 8. Dodd, ed., The ACS Stvle
Guide: A Manual for Awthors and Editors, 2nd Ed., Washington, D.C.. American Chemical
Society, 1997. The following definitions describe terms and abbreviations used herein:

s Brine: a saturated NaCl solution in water
«  DCM: dichloromethane

s TFA: trifluoroacetic acid

« DIPEA: dusopropylethvlamine

s DMA: dunethylacetamide

s DME: dimethoxyethane

s DMEF: dimethylformamide

= DMSO: methyisulfoxide
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DTT: dithiothreitol

MSD: mass spec detector

Et 0 ethyl ether

EtOAc: ethyl acetate

EtOH: ethyl alcohol

HATU: O-(7-azabenzotriazol-1-y1}-N,N,N',N'-tetramethviuronium
hexafluorophosphate

HOBt: 1-hydroxybenzotriazole

RP: reverse phase

HPLC: high performance liquid chromatography
iPA: isopropanol

LAHR: lithiom aluminum hydride

N-BuLt: n-butyl lithium

LC-MS: liguid chromatography-mass spectrometry
LDA: lithium diisoproyvlethylamide

Me: methyl

MeOH: methanol

MTBE: methyl t-buty! ether

NMP: N-methylpyrrolidine

Ph: phenyl

PNPC: para-nitrophenylchloroformate

RT or tt: room temperature

SFC: supercritical fluid chromatography

TBAIL tetrabutylammonium iodide

TBME: tert-butylmethyl ether

tBu: tertiary butyl

THF: tetrahydrofuran

TEA: triethylamine

TMEDA: tetramethylethvlenediamine

GSH: Glutathione
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s GS: Glutathione bonded at suifur

o LiOH: lithium hydroxide

s DPPA: diphenyl phosphory! azide

o So{Bup(Laurate): dibutyltin dilaurate

s PBS: phosphate buffered saline

s ACN: acetonitrile

s AcOH: acetic acid

s EEDQ: N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquincline
s DMAP: 4-dimethylaminopyridine

s EDC: I-ethyl-3-(3-dimethylaminopropylicarbodiimide

The HPLC methods emploved are set forth below.

HPLC Methods

A: Sunfire C18 150x4.6rum; H2O/Acetonitrile w/ TFA modifier (0.05%); Flow rate: lral/min;
Wavelength = 217 nM.
B: Ace Equivalence 250x4.6mm; HaO/Acetonitriie w/ TFA modifier (0.05%); Flow rate: Imi/min;
Wavelength = 217 nM.
C: Sunfire C18 150x30mm; Hall Acetonitrile w/ TFA modifier (0.05%); Flow rate: 30ml/min;
Wavelength =217 nM.
D: Sunfire C18 150x4.6mm,;, HoO/Acetonitrile w/ AcOH modifier (0.5%); Flow rate: 1mb/min;
Wavelength = 217 nM
E: Sunfire C13 150x30mm; HaG/Acetonitrile w/ AcOH modifier {G.5%), Flow rate: 30mi/min;

Wavelength = 217 nM.

F: Agilent 1100/1200/1260 or 1290 systems (coupled or uncoupled with MR).

HPLC Parameters

Mobile Phase A 0.1% AcOH m water
Mobile Phase B 0.1% AcOH in ACN
Column Merck Chromolith RP-18e
Column Temperature rt
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Autosampler Temperature

rf

Injection Volume

Sul

Flow Rate 1 ml/minute

Wavelength Agilent digde array detector at A = 254, 220 or 280 nm

Gradient Program Time (min) % A % B
Initial 95.00 5.00
4.00 5.00 G5.00
499 5.00 §5.00
5.00 95.00 5.00
6.00 85.00 5.00

Run Time 6.00

G Agilent 1100/1200/1260 or 1290 systems (coupled or uncoupled with MS).

HPLC Parameters
Mobile Phase A 0.1% TFA in water
Mobile Phase B 0.1% TFA 1n ACN
Column Agilent Eclipse XDB (8 column (3.5 pm, 4.6 x 150 mm)

Column Temperature

40 °C

Autosampler Temperature

rt

Injection Volume

Sul

Flow Rate

1.5 ml/minute

Wavelength Agilent digde array detector at A = 254, 220 or 280 nm

Gradient Program Time {min) % A % B
Inztial 80.00 20.00
0.20 80.00 20.00
7.50 20.00 80.00
8.00 (.00 100.00
5.00 0.06 100.00
10.00 80.00 20.00

Run Time 10.00
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Mass Spectrometry Methods

Maldi-TOF (Matrix-assisted laser desorption/ionization-Time of Flight) mass
spectrometry was measured on an Applied Biosystems Voyager System 6268, The sample was
prepared as a matrix of u~cyvano hydroxy cinnamic acid on an AB Science plate (Part#

5 V700666).

ESI (Electrospray Ionization) mass spectrometry was measured on either an Agilent 1100
series LOC-MS with a 1946 MSD or a Waters Xevo Gtof high-resolution MS, both providing a
mass/charge species {m/z=3}.

The source of the starting materials employed in the Examples are set forth below in the

10 following tables.

Table 2. Starting materials for R®

R? Code | R’H Structure Synthesis, Reference or
Purchased
R'SH-1 MedKoo

123212
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R’SH-2 MedKoo

206839

M
SH
(¢]

RASH-3 US 20040235840

Al

N
SH
o}
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Svuthesis of Intermediate 1 (R2S-8-Pyr)

To [{15.2R,35,65,16E,18E,20R,2158)-1 1 -chioro-21 -hydroxy~12,20-dimethoxy-
2,5,9,16-tetramethyl-8,23-dioxo-4,24-dipxa~9,22-
diazatetracyclo[19.3.1.110,14.03 Sthexacosa~-10(26),11,13,16,18-pentaen-6-y1} {28)-2-
[methyl(3-sulfanylpropanoyhamine]propancate (46.7 mg, 0.06 mmol} in 1 mL of CH:CN was
added 2-(2-pyridyldisulfanylypyridine (20.0 mg, 0.09 mmol}. The muxture was concentrated
and purified (Si0n, 0-10% MeOH/CHLCh) to give [(18,2R,38,68,16E,18E,20R,218)-11-
chloro-21-hydroxy-12,20-dimethoxy-2,5,9,1 6-tetramethyl-8,23-dioxo-4,24-dioxa-9,22-
diazatetracyclo]19.3.1.110,14.03, 5 thexacosa-10(26},11,13,16,18-pentaen-6-y1] (25)-2-
[methyl-{3-(2-pyridyldisulfanylipropancyljamino]propancate (53.6 mg, vield: 100 %). MS
m/z 8471 [M+H]".

Synthesis of Pv3-8-Pyr (Intermediate 11-3)

Pv3 (250 mg, 0.06 mmol, as a free flowing solid) and 2-(2-pyridyldisulfanylpyridine
{0.110 g, 0.5 mol) were dissolved in MeOH (10 mL)} and the reaction stirred overnight at

room temperature. LC-MS indicates the desired product was formed. The reaction mixture
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was concentrated and the residue taken up m DMSQO and purified by reverse phase column

chromatography {(40-65% CH3;CN/HG (0.5% AcOH), 13 mun} to give 212 mg of the desired

PCT/US2020/041348

product {187 mg, yield: 74.9 %). MS wm/z=3 1273.4.

Intermediates H-1, H-2 and H-6 were prepared analogously to 1I-3, using Pvl, Pv2, and Pv6,

as shown below:

Intermediate | Structure MS
A: Maldi-TOF
B: m/z=3
H-1 Pv1-SPyr B: 11301
H-2 Pv2-SPyr B: 13739
Ii-3 Pv3-8Pyr B: 12734
-6 PvG-SPyr B: 14503

Table 3. Starting materials for L groups

Intermediate | Structure Purchased, Reference

or Synthesized
-1 Fnamine

NH, |

EN3000-33931
Hi-2 Astatech

39541

_NH;  Hei

L3 Fnamine

EN3000-6731388
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-4 » Fnamine

EN3000-6731596

_ Astatech
39018

Synthesis of Intermediate V1-2

HS

I-Ammo-2-methyl-propane-2-thiol hydrochloride (100 mg, 0.706 mmol) was
dissolved i CHoCl (7 mL) and to it was added SH-fluoren-9-yimethyl carbonochioridate
(274 mg, 1.06 mmol} and N, N-diisopropylethylamine (182 mg, 1.41 mmol}. The reaction
mixture was stirred at room temperature overnight. The reaction mixture was washed with
water and concentrated. The residue was purified by column chromatography (0-50%
FtOAc/hexanes) to give SH-fluoren-9-yimethyl N-(2-methyl-2-sulfanyi-propvljcarbamate

(213 mg, vield: 92.2 %). MS m/z 350.1 [M+Na]".

Synthesis of Intermediate V-1
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N O
= S/S\v/‘\ﬁ)l\g/j<

2-{2-Pyridyldisulfanylipyridine (746 mg, 3.38 mmol) was dissolved in MeOH (15 mlL}
and to it was added tert-butyl N-(2Z-sulfanyiethyi}carbamate (200 mg, 1.13 mmol}. The
reaction was stirred for 3 h at room temperature. The muxture was concentrated and the
residue purified by column chromatography {0-30% EtOAc/hexanes) to give tert-butyl N-{2-
(Z-pyridyldisulfanyllethyi]carbamate (200 mg, vield: 61.9 %), MS m/z 287.1 [M+H]".

Synthesis of Intermediate V-2

2-(2-Pyridyldisulfanylethanamine hydrochloride (200 mg, 0.898 mmol} was dissolved
m CHLCh and to 1t was added 9H-fluoren-9-yimethyl carbonochloridate (348 mg, 1.35
mmoi) and N N-ditsopropylethylamine {232 mg, 1.80 mmol). The reaction mixture was stirred
at RT for 2h, washed with water and concentrated. The residue was purified by column
chromatography {-50% EtOAc/hexanes) to give 9H-fluoren-9-yimethyl N-[2-(2-

pyridvidisulfanylethyljcarbamate (288 mg, vield: 78.5 %), MS m/z 409.1 [M+H]".

Svnthesis of Intermediate VII-1
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l b
o N ) /\\V/N OK
Ay

To a vial containing [(15,2R 38,68, 16E,18E 20R,218}-11-chloro-21-hydroxy-12,20-
dimethoxy-2,5,9,16-tetramethyl-8,23-dioxo-4,24-dioxa-9,22-
diazatetracyclo] 19.3.1.110,14.03, 5thexacosa-10(26),11,13,16,18-pentaen-6-y1] (25)-2-

5 [methyl(3-sulfanvipropanovilamino|propanoate {25.0 mg, 0.03 mmol) in 1 mL of CH;CN was
added tert-butyl N-[2-(2-pyridyldisulfanyl}ethylicarbamate (Intermediate V-1, 14.5 mg, 0.051
mmol} and 4-methylmorpholine (0.138 mL, 1.25 mmol). The mixture was stirred for 16h. LC-
MS analysis indicates the desired material. The mixture was concentrated, dissolved in 30 mL
of EtOAc and washed with 1x25 mL of sat. NHsCl and 1x25 mL of sat. brine. The organic

16  phase was dried with MgS8Qy, filtered and concentrated. The crude resifue was purified (8:0;,
0-100% EtOAc/hexanes) to give [{18,2R,38,6S,16E,18E,20R,218)-11-chloro-21-hydroxy-
12,20-dimethoxy-2,5,9,16-tetramethyl-8,23-dioxo-4,24-dioxa~-,22-
diazatetracyclof 19.3.1.110,14.03 Sthexacosa-10(26),11,13,16,1 §-pentaen-6-v1} (25)-2-[3-[2-
(tert-butoxycarbonylamino)ethyldisulfanyljpropanoyl-methyl-aminolpropanoate {(30.9 mg,

15 vield: 100 %). MS m/z 913.2 [M+H]"
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Svuthesis of Intermediate VII-2

Intermediate VII-2 was prepared analogously to VIH-1, using Intermediate V-2 in place

of Intermediate V-1.

Synthesis of Intermediate VII-3

To a vial containing [(18,2R,35,65,16E,18E,20R,215)-1 I-chloro-21-hydroxy-12,20-
dimethoxy-2,5,9, 1 6-tetramethyl-8, 23-dioxo-4,24-dipxa-9,22-
10 diazatetracyclo]{19.3.1.110,14.03,5lhexacosa-10(26),11,13,16,18-pentaen-6-y1} (28)-2-[3-]2-
{9H-fluoren-9-ylmethoxycarbonylamino)ethyldisulfanytipropanoyl-methyl-ammo]propancate

(25.0 mg, 0.03 mmol} in 1 mL of CH:CN was added 9H-fluoren-9-ylmethyl N-(2-methyl-2-
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sulfanyl-propylicarbamate {14.5 mg, 0.044 mmol) and 4-methylmorpholine (0.120 mL, 1.09
mmol}. The mixture was stirred for 16h. LC-MS analysis indicated the desired material was
formed. The mixture was concenirated, dissolved in 50 mL of BEtOAc and washed with 1x25
mb. of sat. NHeCl and 1x25 mL of sat. brine. The organic phase was dried with MgSQOq4,

5  filtered and concentrated. The crude residue was purified (Si10;, 0-100% EtOAc/hexanes) to
[(15,2R,38,65,16E,18E,20R,218}-1 1 -chioro-21-hydroxy-12,20-dimethoxy-2,5,9,16-
tetramethyl-8,23-dioxo-4,24-dioxa-9,22-diazatetracyclo] 19.3.1.110,14.03, 5 }hexacosa-
10(263,11,13,16,18-pentaen-6-y1] (28}-2-[3-[[2-(IH-Thuoren-9-ylmethoxyearbonylamino}-1,1-
dimethyl-ethyljdisulfanyljpropanoyl-methyl-amino]propanoate (0.0313 g, yield: 100 %). MS

10 oz 1085.0 [M+Nal"™

Svnthesis of Intermediate VIII-1 (BOC Deprotection)

g

o E
/ﬂYMY\/s\s/\vNHz
"0y
Q

[(18,2R,385,68,16E, 18E,20R,218)-11-chloro-2 1 -hydroxy-12,20-dimethoxy-2,5,9,16-

15 tetramethyl-8,23-dioxo-~4,24-dioxa-9,22~diazatetracyclo] 19.3.1.110,14.03, S}hexacosa-
10(263,11,13,16,18-pentaen-6-y1} (28)-2-[3-[2-(tert-
butoxycarbonyiamino}ethyldisulfanyl]propanoyi-methyl-anmuno]propancate (31.9 mg, 0.05
mmol} was dissolved 11 0.3/0.1/0.1 mL of CHzCN/HR(O/TFA. The mixture was stirred for 36 h.
LC-MS indicated complete deprotection. The mixture was purified by prep HPLC (20-95%

20 CHsON/H20 w/ 0.05%TFA) to give [{1S,2R,38,68,16E, 18E,20R,215)-1 I -chloro-21 -hydroxy-
12,20-dimethoxy-2,5,9, 1 6-tetramethyl-&,23-dioxo-4,24-dioxa-9,22-
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diazatetracyclo] 19.3.1.110,14.03 5thexacosa-10{26},11,13,16,1 8-pentaen-6-v1} (28}-2-[3-(2-
aminoethyldisulfanybhpropanoyl-methyl-aminofpropanoate; 2,2, 2-trifluoroacetic acid (22.9 mg,

vield: 70.7 %). MS m/z 813.2 [M+H]".

Alternative Svothesis of Intermediate V-1 (FTMOC Beprotection)

3 i
j\E/N\TT/\/s\sNNHZ
vo

[¢]

To a vial contaiming [(18,2R,35,68 168, 18E 20R, 218)-1 1-chiore-21-hydroxy-12,20-
dimethoxy-2,5.9,16-tetramethyl-8 23-dioxo-4,24-dioxa-9,22-
diazatetracyclo]19.3.1.110,14.03,5thexacosa-10(26),11,13,16,18-pentaen-6-y1} (25}-2-[3-[2-(OH-
fluoren-9-yimethoxycarbonylaminojethyldisulfanyljpropanoyl-methyvl-aminojpropancate
(Intermediate VII-2; 29.6 mg, 0.03 mmol} was added 0.5 mL of DMF and 4-methylmorpholine
{0.120 mL, 1.09 mmol). The mixture was heated for 16 h at 40 °C. LC-MS confirmed complete
deprotection. The muxture was purified by (20-95% CHaCUN/H20 w/ 0.05%TFA) to
give [{18,2R,38,68,16E, 18E,20R 21 S)-11-chloro-21 -hydroxy-12,20-dimethoxy-2,5,9,16-
tetramethyi-8 23-dioxo-4,24-dioxa-9, 22~diazatetracycio[19.3.1.110,14.03 5 thexacosa-
10(26),11,13,16,18-pentaen-6-y1] (25)-2-[3-(2-aminoethyldisulfanylpropanoyl-methyl-

amino]propanoate triflucroacetate (22.9 mg, vield: 86.4 %). MS m/z 813.2 [M+H]".
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Svuthesis of Intermediate VIII-2

Intermediate VIII-2 was prepared analogously to Intermediate VII-1. MS m/z 841.2

IMEHT

Synthesis of Intermediate X-1

To [{15,2R,35,68,16E,18E,20R,218)-1 1 ~chloro-21 -hydroxy-12,20-dimethoxy-2,5,9,16-
tetramethyi-8,23-dioxo~-4,24-dioxa-9,22-diazatetracyclo[19.3.1.110,14.03, 5Thexacosa-
16 10(263,11,13,16,18-pentaen-6-yi] (28)-2-[3-(2-amunoethyldisuifanylipropanoyl-methyi-
amino]propanoate trifluorcacetate (Intermediate VIII-1; 45 8 mg, 0.05 mmol} in 1 mL of DMF
was added 3-(2,5-dioxopyrrol-1-vljpropanocic acid (12.5 mg, 0.674 mmol), TBTU (23.8 g, 0.074
mmol) and DIPEA (0.0169 mL, 0.1 mmol). LC-MS mdicated complete conversion to the

product. The mixture was diluted with 50 mL of EtOAc. This was washed with 1x25mL sat
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NH(l, 4x25mL HoO and 1x25 mL of H;0. The organic phase was dried with MgSQs, filtered
and concentrated. The crude product was purified (810,, 0-10% MeOH/CL.Ch) to

give [{1S,2R,38,68,16E,18E,20R,215)-1 1 -chloro-21 -hydroxy-12,20-dimethoxy-2,5,9,16-
tetramethyi-8,23-dioxo-4,24-dioxa-9,22-diazatetracyclo[ 19.3.1.110,14.03, Sthexacosa-
10(26),11,13,16,18-pentaen-6-y1] (285)-2-[3-[ 2-[3-(2,5-dioxopyrrol-1-
vhpropanoylaminojethyidisulfanylipropanoyi-methyl-aminojpropancate (17.3 mg, yield: 36.5

%) MS m/z 986.1 [M+Na]".

Example 2: Synthesis of Compound 2

O

To a vial containing Pv2 {25.0 mg, 0.006 mmol; as a free flowmg solid})
and [(15,2R,38.6S,16E,18E,20R,218)-11-chloro-21 -hydroxy-12,20-dimethoxy-2,5,9,16-
tetramethyi-8,23-dioxo-4,24-dioxa-9,22-diazatetracyclo[ 19.3.1.110,14.03, Sthexacosa-
10(26),11,13,16,18-pentaen-6-y1] (285)-2-[methyi-[3-(2-
pyridyldisulfanylipropanoyljamino]propanoate (7.70 mg, 0.009 mmol) was added 1 mL of
degassed DMF and 0.5 mL degassed H>O. To this was added CH:CGH (0.0163 mi, 0.180

mmol}. The mixture was stirred for 72 b, LC-MS indicated formation of desired product. The
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mixture was purified by prep HPLC (Sunfire C18 150x30 mm; 20-77% H,0/Acetonitrite w/
0.5% AcOH modifier; 15 min ran; Flow rate: 30ml/min; Wavelength = 217 nM) to give the

desired conjugate (17.0 mg, vield: 59.1 %}.

Example 6: Synthesis of Compound 6
O

To a vial containing Pv2-SPyr (Intermediate 11-2; 27.0 mg, 6.55¢-6 mol)
and [(1S,2R,35,68,16E,18E,20R,2158)-11-chloro-21-hydroxy-12 20-dimethoxy-2,5,9,16~
tetramethyl-8 23-dioxo-4,24-dioxa-9,22-diazatetracyclo] 19.3.1.110,14.03,5 |hexacosa-
10,12,14(26},16,1&-pentaen-6-yl| (285)-2-[methyl-(4-methyl-4-sulfanyl-
pentanoyljaminolipropanocate (7.67 mg, 0.01 mmol). To this was added 1 mL of degassed DMF
and 0.5 mL degassed HzO. To this was added CH3COzH (0.015 mL, 0.262 mmol}. The mixture
was stirred for 72 h. LC-MS indicated formation of desired product. The mixture was purified by
prep HPLC (Sunfire C18 150x30 mm; 20-80% HzO/Acetonitrile w/ 0.5% AcOH modifier; 16
min run; Flow rate: 30ml/min; Wavelength = 217 nM) to give the desired conjugate {(11.4 g,

vield: 36.6 %).

Example 9. Synthesis of Compound ¢
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Byv2
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N
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Hmﬁ\(
/‘J ©

To a vial containing Pv2 (25.0 mg, 0.006 mol; as a free flowing solid)
and [{18,2R,35,658,16E,18E,20R,21S}-1 1-chloro-21 -hydroxy-12,20-dimethoxy-2,5,9,16-
tetramethyi-8 23-dioxo-4,24-dioxa-9,22-diazatetracvelo[ 19.3.1.110,14.03 Sthexacosa-
10(26),11,13,16,18-pentaen-6-y1] (28)-2-[3-[2-[3-(2,5-dioxopyrrol-1-
vhpropanoylaminojethyidisutfanyljpropanoyl-methyl-aminojpropancate (Intermediate X-1,
0.00877 g, .01 mmol} was added 1 mL of CH3CN. The mixture was heterogeneous. To this was
added 0.5 mL of CH3CN, 0.5 mL of HoO and 0.5 mL of MeOH. Homogeneity was not achieved.
The muxture was stirred rigorously for 72 h. LC-MS ndicated formation of desired product. The
mixture was purified by prep HPLC (Sunfire C18 150x30 mm; 45-61% Ho(/ Acetonitrile w/
0.05% TFA modifier; 13 mun run; Flow rate: 30ml/min; Wavelength = 217 nM) 1o give desired

conjugate (21.1 mg, yield: 70.0 %;.

Compounds 1, 3, and 4 were synthesized analogously to the compound of Compound 2,
using Pvl, Pv3, and Pv4, respectively. Compounds 5, 7, and 8 were synthesized analogously to

Compound 6, using Intermediates H-1, II-3, and II-6, respectively.
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Table 4. Example Compounds
Comp- Structure MS Conditions
ound *ﬁ)?ﬁi} %ACN/H:0
Raun Time
B: £S5 RT
{m/2=3)
i B: B
1332.3 20-95%
Yimin
7. 28min
B: A
15827 20-95%
1imin
7.0min
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B: B
1483.8 20-95%
1imin
7.82min
B: A
1659.4 20-95%
1imin
6.92min
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B: A
13528 20-95%
1imin
6.81min
3] 3
S/ \Pw
o}
B: A
1597.6 20-95%
1imin
7.44min
N P
) Pv2
9]
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B: A
1487.1 20-95%
1imin
6.60min
B: A
16734 20-95%
1imin
7. 14min
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Pv2 B: 16594 A

\/ 20-95%
e 1imin
o'&o

7.16min

T\

2]

10

Example 5: Detailed Synthesis of Compound 5

To Pvl {(50.0 mg, 1.48e-5 mol) and [{15,2R,35,65,16E,18E 20R 218)-11-chloro-21-
hydroxy-12,20-dimethoxy-2,5,9, 1 6-tetramethyl-8,23-dioxo-4,24-dioxa-9,22-
diazatetracyclo]19.3.1.110,14.03,5thexacosa-10,12,14(26},16,18-pentaen-6-yl} (28}-2-[methyl-
{4-methyl-4-sulfanyl-pentanoyljamino|propancate {0.0150 g, 1.92e-5 mol) in 3 mL of 2:1
CHaON/H:0 was added N-methylmorpholine (0.0600 mL, 0.000546 mol}. The mixture was
stirred for 36 h. LC-MS analysis indicated formation of the desired material. The mixture was
purified by Gilson prep HPLC {Sunfire C18 30x150mm; 20-80% CH:CN/H20 w/ 0.05% TFA,
16 min run; 13.5 min) to give desired conjugate. The mixture was purified by Gilson prep HPLC

(Sunfire 18 30x150mm; 20-72% CHRCN/HO w/ 6.05% TFA; 15 min run; 12.5 mun, retention
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time: 6.847 min} to give Compound 5 (0.0322 g, 7.94e-6 mol, yield: 53.8 %}. ESI (m/z=3}):

1352.8.

Example Sa: Alfernative synthesis of Compound 5
Step 1. Preparation of Pvi-S-Pyridy!

Peptide Pv1 and 2,2'-dipyridy] disuifide were dissolved in MeOH and the reaction was
stirred overnight. LC-MS indicated the desired product was formed. The reaction mixture was
concentrated and the residue was taken uvp in BDMSO and purified by reverse phase column
chromatography (40-75% ACN/HZO {0.5% AcOH), 15 nun) to give 212 mg of the desired

product.

Step 2. Preparation of Compound 5

To a vial containing Pvi-SPyr (25.0 mg, 736e-6 mol) and
[(1S,2R,38,68,16E 18K 20R 218)-11-chloro-21 -hydroxy12,20-dimethoxy-2,5,9,1 6-tetramethyl-
8,23-dioxo-4,24-dioxa-9 22-diazatetracyclof19.3.1.110,14.03,5Thexacosal0,12,14(26),16,18-
pentaen-6-yi] (28)-2-[methyl-(4-methyi-4-sulfanyl-pentanoylamino]propancate (0.00864 g,
1.11e-5 mol). To this mixture was added 1 mL of degassed DMF and 0.5 mL degassed H,O.
CH:CO-H (0.017 mi., 0.000295 mol) was added. The muxture was stirred for 72 h. LC-MS

mdicated formation of the desired product. The mixture was purified by Gilson prep HPLC
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{Sunfire C18 30x150mm; 20-80 CH3CN/H2Z0 w/ (.5% AcOH; 16 min run; 12.9 min} to give
Compound 5 (0.00750 g, 1.85¢-6 mol, vield: 25.1 %).

Example 10: Synthesis of Compound 10

5
Step 1. (1°S,1°8,3°8.338, 2R 48, 10F, 1 2F, 14R )-8%-chiora-1%-hydroxy-8 1 4-dimethoxy-3° 2,71 0-
tetramethyl-1° 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxirana-8¢1, 3)-
benzenacyclotetradecaphane-10, 1 2-dien-4-yl N-{4-(12-{(2,5-dioxopyrrofidin-1-yl)oxy)-2-
oxoethyljihio )-4-methylpentanoyl)-N-methyl-1-alaninate
O
H N'JL O
= o o
/ OJH/NY\XS/\H/OE:Z}
' ' g O O
e ©
10 O

180 mg of DM4 (0.23 mmol) and 57 mg of bromoacetic acid N-hydroxysuccinimide ester
{0.24 mmol) were dissolved 1 DMF (4.6 mL) and cooled i ice-water bath. 36.2 uL. of DBU
(0.24 rmamol) was added at once and the mixture was allowed to warm to RT. At that moment
LC/MS mdicated nearly 93% conversion and the reaction was quenched with addition of 0.1 mL
15 AcOH. Crude reaction mixture was directly loaded onto a 50 g C18Aq column and purified via

standard 10~100% B gradient (A: water w. 0.05% AcOH; B: water w. 0.05% AcOH). Product

99



1G

20

WO 2021/007402 PCT/US2020/041348

containing fractions were fyophilized to afford 160 mg of product (77% yield). HPLC purity at

254 nm: 96%. Retention time: 2.83 min (Method F). LCMS: 9354 MH™.

Step 2. 19S,1°8, 3°8.3°S, 2R 48, IOF, 1 2F, 1 4R )-8°-chiora-1 +-hydroxy-8, 1 4-dimethoxy-3°,2,7,10-
teiramethyl-17, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxirana-8(¢1, 3)-
benzenacycloteiradecaphane-10, 1 2-dien-4-yl N-{4-((2-{(2-aminoethyljamino)-2-oxoethylithio)-

4-methvipentanovl)-N-methyl-L -alaninate

25 mg of 18,1°8,3°,3%S 2R 48, 10E,12F, 14R)-8%-chloro-1*-hydroxy-8", 14-dimethox y-
3%,2,7,10-tetramethyl-1% 6-dioxo-7-aza-1{6,4)-oxazinana-3(2,3)-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-yl N-{4-({2-((2,5-dioxopyrrolidin-1-yljoxy}-2-
oxoethyithio}-4-methylpentanoyl}-N-methyl-L-alanmate (¢.027 mmol} and 36 mg of N1-({(4-
methoxyphenyhdiphenylmethyljethane-1,2-diamine {0.11 mmol, 4 eq} were dissolved in
dioxane {1 mL}. After 3 h, the reaction appeared to be complete on LC/MS. The mixture was
concentrated to drvness and dissolved in 80% AcOH in water (2 mL). LC/MS showed complete
deprotection of the intermediate and the mixture was direcily freeze-dried. The residue was
dissolved m DMSO {1 mL} and loaded onto 15.5 g C18Aq column and purified via standard 5-
100% B gradient (A: water w. 0.05% AcOH; B: water w. 0.05% AcOH). Product containing
fractions were lyophilized to afford 18 mg of product. HPLC purity at 254 nm: 95%. Retention
time: 2.17 min (Method F). LCMS: 880.4 MH".

Step 3. (1%8,1°8,3°8,3°S, 2R 48, 10E, 1 2E, [ 4R}-8%-chloro-1-lydroxy-&, [ 4-dimethoxy-3,2,7,10-

tetramethyl-1°, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxivana-8(1, 3)-
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benzenacyclotetradecaphane-10, 1 2-dien-4-pl (25, 185)-2,3,7, 7-tetrametiyi-4,10, 1 5-trioxo-18-

(pyridin-2~yidisulfaneyl)-16-oxa-8-thia-3,11, I 4-triazanonadecancate

A solution of (198,1°8,3%8,3%S 2R 48, 10F, 12E, 14R)-8%-chloro-1%-hydroxy-8°, 14~
dimethoxy-3*,2,7,10-tetrarnethyl- 12,6-dioxo-7-aza-1(6,4)-oxazinana-3(2,3)-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-d-vl N-{(4-((2~{(2-aminoethyDamino)-2-oxoethyhithio)-
4-methvlpentanovl}-N-methyl-L-alaninate (14 mg, 0.016 mmol) in DMF (0.2 mL) was added to
solid {S)}-4-uitrophenyl (2~(pyridin-2-yldisulfaneyDpropyl) carbonate (6.6 mg, 0.018 mmol).
Catalytic HOAt and DIEA (10 1, 0.057 mmel) were added to the resultant solution and stirred
at room temperature for 3 hours. The solution was neutralized with acetic acid (10 mL) and
apphied to a reverse phase column (RediSEP CI18 (15.5 g)) and eluted with a gradient of
acetonttrile (30% to 95%;) in water with acetic acid {0.05%) to afford 18 mg (85% vield) of the
title product. HPLC purity at 254 nm: 99%. Retention time: 2.85 mun (Method F). LCMS: 11294
MNa"

Step 4. Synthesis of Compound 10

A solution of (178,198,328 3% 2R 48, 10F, 12E,14R)-8%-chloro-1%-hydroxy-8° 14-
dimethoxy-3° 2,7, 10-tetramethyl-12 6-dioxo-7-aza -1({6,4}-oxazinana-3(2,3)-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-y1 (25,188)-2,3,7,7-tetramethyl-4,10,15-trioxo-18-
(pyridin-2-yldisuifaneyl}-16-oxa-8-thia-3,11,14-triazanonadecanoate (17.7 mg, 0.06857 mmol}
i DMFE (1 mbL}) was treated with sodium bicarbonate (1.8 mg, 0.0214 mmol) and water (50 mL)}.

The resuitant solution was treated with peptide, Pvl (31.5 mg, 0.089% mmol} and stirred at room
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temperature for 3 hours, then apphied to a reverse phase column, RediSep C18 (15.5 g} and

cluted with a gradient of acetonitrile {30% to 70%) in water with ammonium acetate {10 mM}.

The fractions were combined, frozen and lyophilized to afford the product as a white solid, 18.7

mg (50%). HPLC purity at 254 nm: 99%. Retention time: 6.49 min (Method G) LCMS: 2138.0
5 (MHF2H)Y2Y, 14253 (MH3H)/3,

Example 11: Synthesis of Compound 11

Step 1. (178,198,378, 338, 2R 48, 10, 1 2F, 1 4R }-8%-chiora-1*-hydroxy-&, 1 4-dimethoxy-3° 2,71 0-
10 tetramethyl-F° 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxirana-8(1, 3)-

benzenacyclotetradecaphane-10, 1 2-dien-4-y1 N-(4-({4-((2-(2,5-divxo-2, 5-dikydro-1H-pyrrol-1-

vhethyDamino)-d-oxobuylidisulfaneyl)-4-methylpenianoyl}-N-methyi-L-alaninate

OH
H z (:)Me Me
O N |
O P
' OMe

N©

G
2 t :
2 )J\\/\\\/S\ Me (j‘Q Me ClI
A PSS
N
O

/K\/YN\./L\‘G

& e
DM4 (10 mg, 0.013 mmol) and succimimidyl 4-(2-pyridyldithio)butanscate (6 mg, 0.02
15 mmol} were nuxed i DMF (0.26 mL). Triethylamine was added {(0.015 mL} and the mixture
was stirred for 2 h. 1-(Z-aminoethyi}-1H-pyrrole-2, 5-dione hydrochloride {5 mg, 0.026 mmol)
was added and after 3 h the mixture was directly loaded onto a RediSEP C18Aq (15.5 g) column

and eluted with a gradient of acetonitrile {30% to 95%) in water with acetic acid (0.05%) to
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afford 6 mg (40% vield) of the title product. BPLC purity at 254 nm: 92%. Retention time: 2.83
min (Method F). LCMS: 10204 MH™.

Step 2. Synthesis of Compound 11

A solution of (1%8,1°8,3°S,3%8 2R 48, 10F, 12E,14R}-8%-chloro-1*-hydroxy-8&°, 14~
dimethoxy-3° 2,7, 10-tetramethyl-12 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3 }-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-yl N-{(4-({(4-((2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
vijethyljamino)-4-oxobuty{}disutfaneyi}-4-methylpentanoyi}-N-methyl-L-alaninate (6 mg, 0.006
mmoi) and Pvl peptide (22.3 mg, 0.006 mmol} were dissolved in DMF {0.12 mL) and treated
with triethylaming (0.001 mL). After 30 minutes the reaction mixture was directly loaded onto a
RediSEP C8 (15.5 g) column and eluted with a gradient of acetonitrile (35% to 75%) in water
with TFA (0.05%) to afford 16 mg (64% vield) of the title compound. HPLC purity at 254 nm:
98%. Retention time: 6.19 min (Method G). LCMS: 2150.2 (M+ZH)Y/27, 1433 3 (M+3H)/3™.

Example 12. Synthesis of Compound 12

Step 1. ((178,1°5,3°8,3°S 2R 48, 10F, 12E, [ 4R}-8%-chloro- I*-hydroxy-8&° [ 4-dimethoxy-3°,2,7,10-
ietramethvi-1°, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxivana-8(1, 3)-
benzenacyclotetradecaphane-10, 1 2-dien-4-y1 (8)-1-(2, 5-dioxo-2, 5-diliydro-1 H-pyrrol-1-yI)-
16,16,20,2 i-tetramethyl- 10, 1 9-dioxo-3, 6-dioxa-14, 1 5-dithia-9,20-diazadocosan-22-oate
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DMA4 (20 mg, 0.026 mmol) and succiminudyl 4-(2-pyridyidithio)butanoate (12 mg, 0.04
mmoi) were mixed in DMF (0.75 mL). Triethylarne was added (0.045 ml) and the mixture
was stirred for 2 h. 1-(21-(2-(2-(2-aminoethoxy)ethoxy)ethyl)-1 H-pyrrole-2,5-dione
hydrochloride (9 myg, 0.036 mmol) was added and after 3 b the mixture was directly loaded onto
a RediSEP C18Aq (15.5 g) column and eluted with a gradient of acetonitrile (30% to 95%) n
water with acetic acid {0.05%) to afford 17 mg (61% yield). HPLC purity at 234 nm: 99%.
Retention time: 2.84 min (Method F). LCMS: 1108.4 MH",

Step 2. Synthesis of Compound 12.

A solution of (1*8,1°8 378,378 2R 48, 10E, 12E, 14R)-8%-chloro-1 “-hydroxy-8° 14-
dimethoxy-3° 2,7, 10-tetramethyl-12 6-dioxo-7-aza- 1(6,4)}-oxazinana-3(2,3 }-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-y1 {(8)-1-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-vi}-
16,16,20,21 -tetramethyl-10,19-dioxo-3,6-dioxa- 14,1 5-dithia-9,20-diazadocosan-22-o0ate (15 mg,
0.014 mmol) and Pv1 peptide (52 mg, 0.015 mmol) were dissolved in DMF (0.28 mL)} and
treated with triethylamine (0.006 mL). After 30 minutes the reaction mixture was directly loaded
onto a RediSEP €8 (15.5 g) column and eluted with a gradient of acetonitrile (35% to 60%) in
water with TFA (0.05%} to afford 25 mg (34% vield). HPLC purity at 254 nm: 98%. Retention
time: 6.26 min (Method G). LCMS: 2194.0 (M+2HY2", 1463.0 (M+3H)/3",
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Example 13. Synehsis of Compound 13

Step 1. 145,198, 3°S, 378, 2R 45, 10F, 1 2E, 14R)-8"-chlovo-1*-hydroxy-8° 1 4-dimethoxy-3° 2,7, 10-
tetramethyl-1°, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxirana-8(1, 3)-
benzenacyclotetradecaphane-10, 1 2-dien-4-y1 (S)-1-(2,5-dioxo-2, 5-dilivdro- 1 H-pyrrol-1-yi)-

13,1317, 18-tetramethyl-7, I 6-dioxo-3-oxa-11, 1 2-dithia-6, 1 7-diazanonadecan-19-oate

DM4 (20 mg, 0.026 mmol) and succimimidy! 4-(2-pynidyldithio)butancate (12 mg, 0.04
mmol} were mixed m DMF (0.75 mL}. Triethylamine was added {0.045 mL}) and the mixture
was stirred for 2 h. 1-(2-(2-ammoethoxyjethyl)-1H-pyrrole-2, 5-dione hydrochloride (S mg, 0.024
mmol} was added and after 3 h the mixture was directly loaded onto a RediSEP C18Aq (15.5 g}
column and eluted with a gradient of acetonttrile (30% to 95%;} 1n water with acetic acid {(0.05%)
to afford 13 mg {(41% yield} of the title product. HPLC purity at 254 nm: 94%. Retention time:
2.85 min (Method F). LCMS: 1064.4 MH".
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Step 2. Synthesis of Compound 13

A solution of (148,168,328,335,2R,48,10E,12E,14R)-86-chloro-14-hydroxy-85,14-
dimethoxy-33.2,7,10-tetramethyl-12,6-dioxo-7-aza-1{6,4}-oxazinana-3¢{2,3 }-oxirana-&(1,3}-
benzenacyclotetradecaphane-10,12-dien-4-y] (8)-1-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-vi}-
16,16,20,21 -tetramethvl-10,19-diox0-3,6-dioxa-14,1 5-dithia-9,20-diazadocosan-22-oate (18 mg,
0.017 mmol) and Pv1 peptide (63 mg, 0.019 mmol} were dissolved in BMF (0.34 mL) and
treated with triethylamine {(0.007 mL). After 30 minutes the reaction mixture was directly loaded
onto a RediSEP C8 (15.5 g} column and eluted with a gradient of acetonitrile (35% to 60%) in
water with THA (0.05%) to afford 25 mg (34% yield) of the title compound. HPLC purity at 254
nm: 99%. Retention time: 624 min (Method G). LOMS: 2172.0 (M+2H)Y/27, 14487 (M+3HY3™.

Example 14, Synthesis of Compound 14

Step 1. (198,198,328, 3°8, 2R 45, 10F, 1 2F, I 4R)-8°~chioro-I-hydroxy-8& I 4-dimethoxy-37,2,7 1 0-
tetramethyl-1°, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxivana-8(1, 3)-
benzenacyclotetradecaphane-10, 1 2~-dien-4-yf (5)-9,9,13, I 4-tetramethyl-1,6, 1 2-trioxo-~1-

(((1S,28)-2-(pyridin-2-yidisulfaneyljcyclohexyl)oxy)-8-thia-2, 5, I 3-triazapentadecan-1 5-oate
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A

¢

A solution of (1%8,168,3%8,378 2R 48,10F.12E 14R)-8%-chloro-1*hydroxy-8°,14-

dimethoxy-3° 2,7, 10-tetramethyl-1° 6-dioxo-7-aza-1(6,4)}-oxazinana-3(2,3 }-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-y] N-(4-((2-{(2-aminoethyllamino)-2-oxoethylthio)-
4-methylpentanoy!])-N-methyl-L-alaninate (14 mg, 0.016 mmol; Example 10, Step 2) in DMF
(0.2 mL) was added to solid 4-nitrophenyl ((18,28)-2-(pyridin-2-yidisulfaneyl}cyclohexyl)
carhonate (7.2 mg, 0.018 mmol). Catalytic HOAt and DIEA (10 mL, 0.057 mmol} were added
to the resultant solution and stirred at room terperature for 3 hours. The solution was
neutralized with acetic acid (10 mL) and applied to a reverse phase column, RediSEP C18(15.5
g} and eluted with a gradient of acetonitrile (30% to 95%) in water with acetic acid (0.05%) to
afford 15 mg (80% vield) of the title compound. HPLC purity at 254 nnm: 98%. Retention time:
3.05 min (Method F). LCMS: 1147.4 MH™,

Step 2. Synthesis of Compound 14

A solution of (148,1°8,328 3%S 2R 48, 10E,12E, 14R)-8%chloro-1%-hydroxy-8° 14-
dimethoxy-3%2,7,10-tetramethyl-1%,6-dioxo-7-aza-1{6,4}-oxazinana-3(2,3)-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-yl (8}-9,9,13,14-tetramethyl-1,6,12-trioxo-1 -
{{{18,28)-2-{pynidin-2-yldisulfaneyl}cyclohexyljoxy}-8-thia-2,5 13 -irtazapentadecan-15-oate (17
mg, ¢.015 mmol} and Pv1 peptide (47 mg, 0.013 mmol} were dissolved in DMF {0.34 mL} and
ireated with triethylamine (0.007 mL). After 30 minutes the reaction mixture was directly loaded
onto a RediSEP C8 (15.5 g) column and eluted with a gradient of acetonitrile (35% to 60%} in
water with TFA (0.05%) to afford 28 mg (37% yield). HPLC purity at 254 nm: 99%. Retention
time: 7.36 min (Method G). LUMS: 2158.0 (M+2H)/2", 1439.0 (M-+3H)/3".
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Example 15, Synthesis of Compound 15

Step 1. (1S, 1°8, 328,578, 2R 45,105, 1 2F, 14R}-8"-chioro-1*-hydroxy-8°, 1 4-dimethoxy-3°2,7,10-
tetramethyl- 1, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxirana-8¢1, 3)-
benzenacyclotetradecaphane-10, 1 2-dien-4-y1 (S)-5,9,9, 13, 1 4-pentamethyi-6, ] 2-dioxo-8-thia-

2,3, 1 3-triazapentadecan-135-oate

25 mg of {14S,1%8,3%8,3%S,2R, 45,10, 12E, 1 4R)-8%-chloro-1%-hydroxy-8°, 1 4-dimethoxy-
37,2,7,10-tetramethyl-12, 6-dioxo-7-aza-1{6,4)-oxazinana-3(2,3)-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-yl N-{(4-((2-((2,5-dioxopyrrohdin-1-yhoxy)-2-
oxoethyhthio}-4-methylpentanovl}-N-methyl-L-alaninate (0.027 mmol} and 40 mg of N1-((3-
methoxyphenyldiphenylmethyl}-NT, N2-dimethylethane-1,2-diamine (0. 11 mmol, 4 eq} were
dissoived m dioxane (1 mL). After 3 b, the reaction appeared to be complete on LC/MS. 0.05 mL
of TFA was added and the mixture was loaded onto a 15.5 g C18Aq column and purified via

standard 5-100% B gradient {A: water w. 0.05% TFA; B: ACN w. 0.05% TFA). Product
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containing fractions were lyophilized to afford 22 mg of product (75% yield). HPLC punity at

254 nm: 98%. Retention time: 2.25 min (Method F). LCMS: 908.4 MH™.

Step 2. (198,158, 3°8,3°S, 2R 48, 10F, 1 2F, 14R)-8%-chilora-1¥-hydroxy-8, I 4-dimethoxy-3° 2,7, 10-
teiramethyl-17, 6-dioxo-7-aza-1(6,4)-oxazinana-3(2, 3)-oxirana-8(¢1, 3)-
benzenacyclotetradecaphane-10,12-dien-4-yl (8)-2,5,9,9,13, 1 4-hexamethyl-1,6, 1 2-trioxo-1-
(((18,28)-2-(pyridin-2-yidisulfaneyl)cyclohexyl)oxy)-8-thia-2,5, 1 3-triazapentadecan-13-oate

A solution of {148,1°8,3%8 3%S 2R 45, 10E, 12E, 14R)-8%chloro-1%-hydroxy-8° 14-
dimethoxy-3*,2,7,10-tetramethyl-12,6-dioxo-7-aza-1(6,4}-oxazinana-3(2,3 )-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-y1 (8)-5,9,9,13 14-pentamethyl-6,12-dioxo-8~thia-
2,5,13-triazapentadecan-~-15-oate (15 mg, 0.016 mmol} in DMF {0.2 mL} was added to sohd 4-
nitrophenyl ({18,28)-2-(pyridin-2-yldisulfaneyl)cyclohexyl) carbonate (6.6 mg, 0.018 mmol}.
Catalytic HOAt and DIEA (10 i, 0.057 mmol} were added to the resultant solution and stirred
at room temperature for 3 hours. The solution was neutralized with acetic acid (10 ml} and
applied to a reverse phase columun, RediSEP C18 (15.5 g) and eluted with a gradient of
acetontirile (30% to 95%) in water with acetic acid (0.05%) to afford 16 mg (82% yield) of the
title product. HPLC purity at 254 nm: 97%. Retention time: 3.36 min (Method F). LOMS: 11755
MH",

Step 3. Synthesis of Compound 15
A solution of (1%§,1°8,3°8,378 2R 48, 10F, 12E, 14R)-8%chloro-1%-hydroxy-8° 14-

dimethoxy-3° 2,7,10-tetramethyl-1° 6-dioxo-7-aza-1(6,4 }-oxazinana-3(2,3 }-oxirana-8(1,3)-
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benzenacyclotetradecaphane-10,12-dien-4-y1 {8)-2,5,9,9,13,14-hexamethyl-1,6,12-trioxo-1-
(((18,28)-2-{pyndin-Z-yldisulfaneyljcyclohexyhoxy)-8-thia-2,5, 1 3-iniazapentadecan-1S-oate {16
mg, 0.014 mmol) and Pv1 peptide (52 mg, 0.015 mmol) were dissolved in BMF (0.28 mL) and
treated with triethylamine (0.008 mL}. After 30 minutes the reaction mixture was directly loaded
onto a RediSEP C8 (15.5 g) column and eluted with a gradient of acetoniirile (35% to 60%) in
water with TFA (0.05%} to afford 32 mg (44% vield} of the title compound. HPLC purity at 254
nm: 99%. Retention time: 6.86 min (Method G). LUMS: 2172.0 (M+2H)Y/27, 1448.4 (M+3H)/3™.

Example 16. Synthesis of Compound 16

Step 1. (4-((5-nitropyridin-2-yhdisulfaneylphernyljmethanol

HO
N2 e

N
=TNO,

A solution of (4-mercaptophenylmethanol (0.74 g, 4.83 mumol} in THF (10 mL) was
treated with 5-nitro-2-({(4-nitrophenyljdisulfaneylpyridine (1.0 g, 3.23 mmol}. The resultant
suspension was stirred at room temperature for 2 hours, and the solvent was evaporated in vacuo.
The residue was dissolved in BCM and applied to a RediSep silica gel column and eluted with a
eradignt of ethvl acetate {10% to 60%) in hexanes to afford the product (0.499 g, 52% yield}.
HPLC purity at 254 nm: 90%. Retention time: 2.72 min (Method F). MS data, 2951 (M+H)™.
THNMR(DMSO-ds) d 9.18 (s, 1H), 8.58 (d of d, 1H), 8.02 (d, 1H}, 7.56 (d, 2H), 7.34 (d, 2H),
5.24 (1, 1H) and 4.47 (d, ZH).
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Step 2. 4-nitrophenyvl (4-((5-nitropyridin-2-yi)disulfaneyl}benzyl) carbonate

Na.

NO»

A solution of 4-nitrophenyl chloroformate (2355 mg, 1.26 mmol) in THF (5§ mL} was
cooled on an ice-bath and treated with a solution (4-((S-nitropyridin-2-
viydisulfanevljphenyiymethanol (220 mg, 0.748 mmol), triethyl amine {0.7 mL, 5.03 mmol), and
4-dimethyaminopyridine (45 mg, 0.368 mol) in THF (5 mL) added over about 15 minutes.
The ice-bath was removed, and the solution was stirred at room temperature for one hour and
stored in g freezer overnight. The solvent was evaporated in vacuo, and the residue was
dissolved m DCM, applied to a RediSep silica gel column (12 g) and eluted with a gradient of
ethyl acetate (2% to 100%) in hexanes. The product was purified further by reverse phase
chromatography on a RediSep C18 cartridge (50 g) eluted with a gradient of acetonitrile (30% to
95% in water with acetic acid {0.05%), to afford the product, 55 mg (16%). HPLC purity at 254
nm: >99%. Retention time: 3.77 min (Method F). MS data, 460.7 (M+H)". 'HNMR(CDCl:) d
9.29(d, TH), 8.39(d of d, 1H), 828 (d of d, 2H), 7.83 (d of d, 1H), 7.55 (d of d, 21}, 7.44 (d of
d), 7.36 {d of d, 2H) and 5.26 (d, 2H).

Step 3. (148,165,328,338, 2R, 45, 108, { 21, 1 4R}-86-chiovo-1 4-hydroxy-83, | 4-dimethoxy-
33,27, 1 0-tetramethyl-12,6-dioxo-7-aza-1(6,4}-oxazinana-3(2, 3 )-oxirana-8(1,3)-
benzenacyclotetradecaphane-10, 1 2-dien-4-yl (S)-11, 11,135, 1 6-tetramethyl-1-(4-{(5-nitropyridin-

2-vijdisulfaneyl)phenyl)-3,8, 14-trioxo-2-oxc-10-thia-4,7, 1 S-triazahepiadecan-1 7-oate
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A solution of {148,168,328,3358,2R,48,10E,12E,14R)-86-chloro-14-hydroxy-85,14-
dimethoxy-33.2,7,10-tetramethyl-12,6-dioxo-7-aza-1{6,4)-oxazinana-3{2,3 }-oxirana-&(1,3}-
benzenacyclotetradecaphane-10,12-dien-4-y1 N-(4-((Z-((2-aminoethylamino)}-2-oxoethyljthio)-
4-methylpentanoyl)-N-methyl-L-alaninate {15 mg, 0.017 mmol; Example 10, Step Z) in DMF (1
mL} was added to solid 4-nitrophenyl (4-{{S-mtropyridin-2-yDdisulfaneyl)benzyl) carbonate (26
mg, 0.0566 mmol}. Catalytic HOAt and DIEA (10 mb, 0.057 mmol} were added to the resultant
solution and stirred at room temperature for 3 hours. The solution was neutralized with acetic
acid {7 mL, 0. 122 mmol} and applied to a reverse phase column, RediSEP C18 (15.5 g} and
eluted with a gradient of acetonitrile (30% to 95%) in water with acetic acid (0.05%). Further
purification on a silica gel column, RediSep (4 g}, using a gradient of methanol (0.2% to 6%) in
DCM as the eluant, afforded the title product (10.3 mg, 50% yield). HPLC purity at 254 am:
>4%%. Retention time: 3.16 min (Method F). MS data, 1182.3 (M+H-H:0)", 1201.3 (M+H)",
12223 {(M+Nay".

Step 4. Synthesis of Compound 16

A solution of (148,168,328 335 2R 48 10K, 12E 14R)-86-chloro-14-hydroxy-85,14-
dimethoxy-33,2,7,10-tetramethyl-12,6-dioxo-7-aza-1{6 4}-oxazinana-3(2,3}-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-y] (8)-11,11,15,16-tetramethyl-1-(4-((S-mitropyridio-
2-yhidisulfaneyl)phenyl}-3,8,14-trioxo-2-oxa-10-thia-4,7,15-triazaheptadecan-17-oate (10.3 mg,
0.00857 mmol) in DMF (1 mL) was treated with sodinm bicarbonate (1.8 mg, 0.0214 mmol) and
water (50 mL). The resultant solution was treated with peptide, Pvl {31.5 mg, 0.0899 munol)
and siurred at room temperature for 3 hours, then applied to a reverse phase column, RediSep
CI8{15.5 g) and eluted with a gradient of acetonitrile (30% to 70%) in water with ammonium
acetate (10 mM). The fractions were combined, frozen and lvophilized to afford the product as a
white solid, 18.7 mg (50%). HPLC purity at 254 nm: 99%. Retention time: 6.63 min (Method
G). MS data, 2162.4 (MH+2H)/27, 1441.8 (M+3H)Y/3", 1082.6 (M+4HY4", 1435.7 (M+3H-
H0¥3"
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Example A. Growth Delay Assay

Cells were plated in 96 well black walled-clear bottom plates (Griener), DLD-1 WT cells
at 2500 cells per well, FaDu, and Hela cells at 5000 cells per well, and HCT116 at 3000 cells
per well, in growth media contaiming 10% FBS. Cells were allowed to adhere at room
temperature for 60 minutes before returning to a 37C, 5% CO» incubator. After 24 hours, media
was removed and replaced with fresh growth media containing various drug
concentrations. Each drug concentration was added i triplicate. Non-drug treated controls
contained growth media only. Cells were returned to the incubator. Ninety-six hours after
addition of drug, cells were fixed with 4% paraformaldehyde for 20 mimites and stained with
Hoechst at T pg/mL. The plates were imaged on a Cytation 5 auto imager (BioTek) and cells
were counted using CelProfiler (http//celiprofiler.org). The percent cell growth delay was

calculated and data plotted using GraphPad Prism

Table 5. Growth Delay Assay data

Example DLD-1 HCT116 Fabu Hela
{ICs0, M) {1Cs0, nM) (ICs0, nM) (ICs0, nM)

R?SH-1  (see 9.8 43 2.8 2.6
Table 2)

R’SH-2 (see 0.45 0.20 0.13 0.02
Table 2)

i 60.5 21.8 0.4 7.4
2 i14 211 154 8.0
3 451 19.3 10.1 6.9
4 11.7 2.5 1.4 0.85
5 8.4 2.7 23 0.95
6 8.3 33 52 1.8
7 NC* 34 4.6 2.0
8 9.8 3.0 34 1.6

NC* = Not calculated
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Example B: Effect on In Vitro Tubulin Polymerization

A fluorescence-based tubulin polvmerization assay (Cytoskeleton Cat# BKO1IP) was
performed to quantitate the impact of unconjugated DM4 and Compound § on in vitre tubulin
polymerization. BM4 and Compound S were prepared as 10 mM stocks in DMSO then diluted at
10X to 200, 50 and 5 uM in ultrapure distilled water for a final DMSO concentration of 0.2%.
Kit reagents were defrosted rapidly then kept cold on ice to prevent premature polymerization. A
tubulin reaction mixture was prepared on ice by mixing purified porcine brain tubulin, GTP, and

Iycerol buffer all in 1X kit buffer for final concentrations of 2 mg/mL tubulin, 1 mM GTP and

15% glycerol. S bl of BM4, Compound 5 or DMSO control were added to a pre-warmed black,
half-well reaction plate at 37 °C for no longer than 1 nunute, to warm, but not allow for
evaporation. 50 pb of tubulin reaction mixture was rapidly added to each well and immediately
placed n a pre-warmed Cytation 5 imaging reader (BioTek). A kinetic reading was performed at
360 excitation/450 emission for 2 hours at 37 °C, with readings every 2.5 minutes to follow the
enhancement of fluorescence due to incorporation of a fluorescent reporter into microtubules as
polymerization occurs.

FI1G. 1 shows a plot of the effect of free DM4 and Compound 5 on in vitro §-tubulin

polymerization (in terms of relative fluorescence units) at 0.5 uM, 5§ uM, and 20 pM.

Example C: Kinetic Analysis of Cenjugate Binding

Binding experiments were performed using a Biacore 8200 instrument. A Series 8 sensor
chip with pre-immobilized streptavidin was conditioned with 1 M NaCl in 50 oM NaQH.
Biotin-labeled human tubulin derived from HeLa cells was immobilized to the sensor chip at a
concentration of 125 ug/ml in HBS-P+ buffer at a flow rate of 10 pl/min. A final 30060 RU
(response uniis) of protein was directly immobilized to the chip. After tubulin mobilization,
the sensor chip was washed with 50% 1sopropanol, S0 mM NaGH and 1 M NaCl and
subsequently allowed to equulibrate in assay buffer for 4 hours. A streptavidin-biotin capture
blank (reference FC) was used to monitor non-specific binding.

To collect kinetic binding data, Compound 5 diluted 1n assay buffer was injected over the
flow cells at concentrations ranging from 100 uM to 0.048 uM and 50 pM to 0.024 uM, at a flow

rate of 60 ul/ minute and a temperature of 25 °C. The complex was allowed to dissociate for 60
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seconds. Binding of compound to tubulin was monitored in real time to obtain on {(Ka) and off
(Koff} rates. The affimty constant (KD} was calculated by steady state kinetics.

FIG. 2 depicts the kinetic analysis of Compound S binding to B-tubulin in vitro as
determined by Biacore surface plasmon resonance. Compound 5 15 able o bind to B-tubulin with

a similar KD as free DM4 (3.55 uM) and slower on/off rates relative to free DM4.

Example B: Efficacy of Compound 5 in a Moase Colorectal Cancer Model

Six-week-old female athymic nude Foxn™ mice were obtained from Taconic Labs (Cat#
NCRNU-F} and were housed S per cage on Alpha-Dri bedding in a disposable caging system.
Human HCT116 cells derived from colorectal carcinoma were diluted 1:1 in Phenol Red-free
Matrigel and subcutaneously implanted into the left flank of each mouse at a density of 2.5x10°
cells in 100 pL. When xenografts reached a mean volume of 100-200 mm’, mice were
randomized into groups and treated as detailed in the table below. Mice were administered
mtraperitoneal (IP) doses of vehicle or 0.21, 0.29, 0.35, 0.42 umole/kg Compound 5 (equivalent
to 1.1, 1.4, 1,7, or 2 mg/kg Compound 5) or 0.42 umole/kg unconjugated DM4 (equiivalent to
0.33 mg/kg unconjugated DM4). Doses were prepared by diluting 0.1 mg/pL. DMSO stocks i
5% mannitol 1n citrate buffer and were administered QDX4 with a two day interval between the
second and third doses, at a volume of 12 mi/kg (300 uL per 25 g mouse). Xenograft tumors
were measured by calipers and volume was calculated using the equation for ellipsoid volume:
Volume = /6 x (length) x (width)?. Body weight of animals was measured at the same time as
tumor volume assessment. Animals were removed from the study due to death, tumor size
exceeding 2000 mm’ or loss of >20% body weight. Kaplan-Meier analysis was used to evaluate
survival rate based on death or removal from study.

FIG. 3A shows a plot of the mean tumor volume in nude mice bearing HCT116
colorectal flank tumors dosed with DM4 or Compound 5.

FIG. 3B shows the percent change in body weight of nude mice bearing HCT116
colorectal flank tumors dosed with BM4 or Compound 5 relative to day 0.

FIG. 4 depicts a Kaplan-Meier plot of nude mice bearing HCT116 colorectal flank
tumors dosed with DM4 or Compound 5. Amimals were removed from the study due to etther

death, tumor size exceeding 2000 mm’ or due to loss of greater than 20% body weight. Free
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DM4 induced the spontaneous death of half of the DM4 group of animals during the post-dosing
period. As shown in FIG. 4, Compound 5 safely delivers amounts of M4 in vivo that otherwise

result in systemic toxicity and death when dosed as free DM4.

Example E: Effect of Compound 6 on Lung Metastases in a Mouse Lung Cancer Model

Mouse 4T1-1RFP cancer cells derived from mouse mammary carcinoma and transfected
with near infrared fluorescent protein (IRFP) were cultured as a monolayer at 37 °Cin a
humidified atmosphere with 5% CO,. Cells were passaged between one and three days prior to
implantation and media was replaced every 2-3 days as needed to maintain cell viability. Cells
were not allowed to exceed 80% confluency. Un the day of implantation, cells were trypsinized,
washed with complete media and pelleted by centrifugation at 1200 rpm for 5 minutes. The
supernatant was decanted, and cells were washed three times with sterile PBS and pelleted by
centrifugation. During the final centrifugation, viability was determined using trypan blue
exclusion. Cells were resuspended in sterile PBS a final concentration of 5x10° cells/ 100 pL.
Cells were drawn into sterile 1cc tuberculin syringes with a 27-gauge needle. Air bubbles were
removed, and excess cell moxture was expelled back into the conical tube leaving an injection
volume of 100 gL in each syringe. The 100 pL of cells were mmjected directly into the medial tail
vein of six~-week-old female athymic nude Foxn™ mice (Taconic Labs Cat# NCRNU-F).

Three days after cell injection, mice were administered intraperitoneal doses of vehicle or
2.5 mg/kg Compound 6 once daily for 2 days followed by 2 days of no treatroent, followed by a
single dose of Compound 6, for a total of three total doses of Compound 6. Eleven days after
mjection, mice were euthanized, and the lungs were removed for imaging using the LI-COR
PEARL Trilogy small animal imager to visualize and quantitate lung metastasis and evaluate
compound effect on tumor growth.

FIG. SA depicts the veniral view and extracted lungs of nude mice inoculated with 4T1-
RFP fluorescent cells via tail vein injection and imaged 11 days after inoculation and after 3
doses of vehicle or Compound 6.

FIG. 3B depicts a graph of the fluorescent signal from extracted lungs of 4T1-RFP

moculated mice after 3 doses of vehicle or Compound 6.
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Various modifications of the invention, in addition to those described herein, will be
apparent to those skiiled in the art from the foregoing description. Such modifications are also
mtended to fall within the scope of the appended claims. Each reference, including without
fumitation all patent, patent applications, and publications, cited in the present application 1s

mcorporated herein by reference 1n its entirety.
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