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ANTIBODY-RECRUITING MOLECULES FOR THE TREATMENY OF CANCER

Related Applications and Grant Support

This application claims the benefit of priority of United States provisional application
nwunber 62/370.278 filed August 3, 2016 entitled "Anttbody-Recruiting Agent for the
Treatment of Cancer™, the entire contents of said application being incorporated by reference
herein,

This invention was made with government sapport ander 1DP20OD002913-01
awarded by the National Institute of Health. The government has certain rights i the

invention.

Field of the Invention

The present mvention relates to chimeric (inchuding bifunctional) compounds,
compositions comprising those compounds and methods of treating cancer in a patient or
subject, especially including metastatic cancer and other cancers where cancer cells exhibit
overexpression {heightened expression} of cell surface wokinase-type plasminogen activator
receptor (urokiase receptor) compared to normal {(non-cancerous) cells. The compounds
bind to the wokinase-type plasminogen activator receptor (uPAR) on the surface of a cancer
cell, including a metastatic cancer cell, and consequently recruit native antibodies of the
patient or subject where the antibodies can selectively remove, destroy, clear andfor
deactivate targeted cancer cells through antibody-dependent cellular phagocvtosis (ADCP),
antibody-dependent cellutar cytotoxicity {ADCC), complement dependent cytotoxicity
{CDC) and/or other immune effector mechanisms against & large number and variety of
cancers, thus providing cancer cell death and an inhibition of growth, elaboration and/or

metastasis of the cancer, inclhuding remission and cure of the patient’s cancer.

Imtroduction/Backgreund of the Invention

Cancer is currently the second leading cause of death in the United States. Metastatic
cancers are especiatly difficult to treat and are associated with tugher levels of mortality
compared o bemign tumors. American men and women have a 38-44% chance of developing

mvasive cancers over the course of their ifetimes. Tumor meiastasis involves cancer cell
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myvasion of surrounding tissues, often accelerated by cell sarface proteases. One such
protease known as the wrokinase-type plasminogen activator (uPA)Y is capable of breaking
down extracellular matrix proteins and activating migration-inducing signal cascades through
binding to the wrokinase-type plasminogen activator receptor (nPAR).

A large body of evidence saggests that uPA and uPAR expression are substantially
higher on invasive malignant cancer cells than on healthy cells or benign tumors. In clinical
settings, high levels of uPAR are used as diagnostic measures for metastatic potential and
poor chinical outcome in several malignancies. Novel strategies to combat cancer are highly
desirable due to the limitations of the more waditional treatment options, including radiation
therapy and chemotherapy. These treatment methods are not ondy associated with significant
side effects but are also limited with respect to their effectiveness in the treatment of late
stage cancers.

The ability to target cancer cells selectively is thus of great importance, with the
potential to significantly reduce toxicity and off-target effects, thereby reducing side effects
experienced by the patient. New approaches to treat cancer that combine the advantages of
traditional small molecules and biologics could address many of the limitations associated
with currently available therapies.

Anthroquinone-based small molecules have been identified previously as potential
anti-cancer agents and have begn shown to bind to uPAR in vifre with affinity capable of
blocking cancer cell invasion, migration, and adhesion, Previously, the development of an
antineoplastic antibody-recruiting agent equipped with the urokinase protein as a yPAR
target-binding domain has been reported (A4S Chemr. Fiol. 2012, 7, 316). The molecules
disclosed here are expected to target uPAR-over-expressing A172 glioblastoma cells and

facilitate antibody-dependent cellular phagocytosis (ADCP),

Brief Description of the Invention

The present invention is directed to compounds according to the general formula:

TBT--LINKER--ABT

Where TBT is a motety which binds to an active site of urokinase-type plasminogen activator

recepior (uPARY on the surface of cancer cells of a patient or subject;
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ABT 15 an antibody binding motety comprising a hapten which is capable of binding to an
antibody in said paticnt or subject;
or a pharmacentically acceptable salt, stereoisomner, enantiomer, solvate or polymorph

thereof.

In one embodiment of the invention, the TBT is selected from a moiety according to

the general formualae:

r\%ﬁ
PN ,L /L N‘Nu R..ABT

Wherein X = H, F, Cl, Br, CF:, MeSO;, CH;0, CF:Q N{RY);, where eack RY is
independently H or a C,-C; alkyl group;

Ry, Ry, Rs, Ry and R are each independently H, & halogen (F, Cl, Br, 1, preferably F), a G-
Cz alkyl group optionally substituted with one or two hydroxyl groups or up to three fluoro
groups, NO;. ON, a (CHy)w OR™ (O-alkyD) group, a (CH2)w COR® (keto) group, a

(CH)Ww COOR® {carboxy ester) proup, 3 {CH2 ) SO:H gronp, a

(CH) e OCOR™ {oxycarbonyl ester) group,
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Rq

HO
-~ \COERE

group or

0y
| ﬁ N-{CH:;T,&;%H
g J{r n

a group;

Each R’ is independently H or a C,~C; alkyl group {preferably H or CH;, most often HY

R, 15 a sidecham derived from a natural or unnatural amine acid {D- or L-, preferably a L-
amino acid} preferably selected from the group consisting of alanine (methyl), argmne
{propylenapnanidine), asparagine (methylenecarboxyvamide), aspartic acid (ethanoic
acid)y, cvsteine (tuol, reduced or oxidized di-thiol), glutanmine {ethvlcarboxyvamide),
glutamic acid {propancic acikd), histidine {methvieneinmidazole), isoleucine (I-
methylpropane),  leucine  (2-methvlpropane), Iysine  (butylencamine), methionne
{ethylmethylthioether), phenvlalanine {benzyl), proline (R forms a oyelic ring with R,
and the adiacent nitrogen prowp to form a pyrrolidine group), hydroxyproling, serine
{methanol}, threomine {ethanol, L-hydroxyethane), tryptophan (methyleneindole), tyrosine
{methylene phenol) or valine (sopropyl)

Fach RY is H or a C;-Cs alkyl group optionally substituted with one or two hydroxy! groups
or up to three chioro or fluoro groups (preferably R¥ is H or a C;-Cs alkyl group);

Ry, Ry, Ry Ry and Rs are each independently H, a halogen (F, Cl, Br, [, preferably F), a
C1-Cy (preferably Ci-Cy) alkyl group optionally substituted with one or two hydroxyl
groups of up 1o three chloro or fluoro groups, NOz, ON, a (CH; ) ORF (O-alkyl) group, a
{CH2)e COOR® (carboxy ester) group, a (CHz ), O-COR" {oxyearbonyt ester) gronp or a

{CH2)w CORT (keto) gronp;
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Ry s Hor SO:H, By wH, CO:H, SOsH, NHCH-CO:H, ~NHCH-S80:H, ~C{ORNHCH -
COzH or ~COWNHCH;-50:H, R s H, CO:H, or SO:H, Ry is H, CO:H, or SO:H, and
Ry is H, COH, or SO H, or a pharmaceutically acceptable salt or solvate thereof.

Each mt’ is independentlv 0, 1, 2, 3, 4, 5, or © {preferably 0, 1, 2 or 3, more preferably 0 or 1),

Each v i3 independently 0, T or 2 (preferably Oor 1;

RMMT i a LIN-ABT group,

n = -4,

m = 0-3, preferably 3-5, and

Rg = H, C1-C4 lower alkyl.

{1 one embodiment of the invention, the ABT is an anttbody bonding moiety comprising
a hapten which is capable of binding to an antibody in said patient or subject, or a

pharmaceutically scceptable salt, sterecisomer, enantiomer, solvate or polymorph thereof.

In one embodiment of the invention, compounds of the present invention include those

compourids where TBY-LIN-ABT are as follows:
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in one emwbodivent of the ivention, compounds of the present invention include those

compounds wherein LIN-ABT is

Ny

> grouy,
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Where Xy is N(R'), O, §, S{0), 501, ${0):0, -O8{0}, 0r OS(Q)20 {preferably N(R') or O,
more preferably N({ R”}; and

NE: - proup.

R is H, a C-Cs alkyl group or a -C{ONC-Ca) group, preferably H;
eachnand n’ 1s independently 1 1025, 10 15, 10 12, 210 11,210 10,210 8, 2106, 2 10 5,
ZwdandZto3or1,2,3,4,5,6,7 or B and

each n” is independently O to 8, often Lo 7, or 1, 2, 3, 4, 5 or 6 {preferably 3).

In one embodiment of the invention, compounds of the present invention include

those compounds where LIN is a linker group according to the chemical structure:

s AR
5 {\/\/0 N

Where eachn and n’ s indepemiemiy P25 1015, 1w i2. 210 18 2% 10,2108, 206,

2t05 2todand2t03ort, 2,3, 4.5, 6,7 or B and

each n™ is independently 010 8, often T to 7, 0 1, 2, 3, 4, 5 or 6 {preforably 3}
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In one embodiment of the nvention, compounds of the present invention include

those compounds wherein LIN is a group according to the chemical structure:

X

or

3

Q {) i

Ae's

Where eachin and n” g independently 1025, 1o 15, 110 12,210 11,210 10,2 0 8, 2 0 §,
2ws wdand2w03orl, 2, 3.4, 5,6, 7T or 8 and

each n” is independently 0to 8, often T to 7, or 1, 2, 3, 4, 5 or 6 {preferably 3}

Where nis about 1 to 100, about 1 to 75, about 1 o 60, about 1 1o 50, gbout 1 w0 45, about 1
to 35, about 1 to 25, about 1 to 20, abowt 1 to 15, 2 10 10, about 4 to 12, about 3 to 10, about 4
to 6, abowt 110 8, about 1 to 6, abowt 1 to 5, abouwt 1 to 4, about 1 to 3, etc., o1 &

a linker according to the chemical swructure:

!
VI A

Where R, and R, are each independently H, C-Cy alkyl, alkanol, arvl or benzyl
or form g cyclic ring with R {proline) and 7, R” and R" are each independently a side

chain derived from an amine acid preferably selected from the group consisting of alanine
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{methyl), argintoe (propyvlencguanidine), asparagine {methylenecarboxyanide), aspartic acid
{cthanoie acid}, cvsteine {thiol, reduced or oxidized di-thiol), glutamine {ethvicatboxyamide),
glutamic acid {propanocic acid), glycine {H), histidine {methyleneimidazole), isolencine (1~
methylpropane), leucine (2-methylpropane}, lysine {butylencamine), methionine
{ethylmethylihioethier), phenylalanine {benzyl), proline (R forms a cyclic ring with R, and
the adjacent nitrogen group to form a pyrrolidine group), hydroxyproline, sering (imethanol},
threonine (ethanol, I-hvdroxyethane), trvptophan {methyleneindole). tyrosine {methviene
phenol} or valine (isopropyl); and my and m’° {within the context of this use} is cach
independently an integer from 1o 100, 10 75, 11060, 1 1055, 110530, 1 1045, 1 10 40, 2 1o

A3 lwiS el o e 12, 3,408,

n one emsbodiment of the invention, compounds of the present mvention include

those compounds wherein LIN is a gronp sccording to the chemical formula:
%’ 2 szu‘?s

Where Z and 27 are each independently a bond, {CH; -0, -{CH -8, {CH 1-N-R |

R - R: wév O
S{CH, T s - B{CH. T, R? ' ”__ _—

Wherein said -(CHq ) group, if present in Z or 27, is bonded fo a connector (CT), an
alternative linker, AgM andior UPARM;

Each R is H, or a C-C; allevt or alkanol group;

Each R? is independently H or a C,-C; alkyt gronp;

Each Y 18 independently a bond, O, S or N-R;

Each 1 is independently 0 to 100, 010 75, 1 10 68, 1 10 55, 110 50, 1 1045, 1 10 40, 210 35, 3
30, 1tol5,1told, 108, 1to6, 0, 1,2, 3, 4arl;

Dis

L

|

e
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a bond, with the proviso that Z, Z° and D are not each simuhaneously bonds;

jis 1o 100, 11075, 10 60, 1 10 55, 110 50, 1 to 45, 1 t0 40, 210 35, 310 30, 1 to0 15, I to
0 1ws 1w, 1,23, 400 5

misito 0, 110758, 1ol 11055, 11050, o485, 1 to40, 21035, 310 30, 110 15, 1 {0
10,108, 1106, 1,2,3, 41 5;

nislwo 00 1075 160, o35 TS0 Hiod5, 1o, 21038, 31030, 015, T o
10, 1to 8, 1t 6, 1, 2,3, 4 or 5 {n i3 preferably 2};

X'is O, S or N-R; and

R is as described above,

or a pharmaceutical salt thereof.

In one embodiment of the invention, compounds of the present invention include

those compounds wherein said ABT group is a group according to the chemical strocture:

O
H
":‘I\. N .f‘li\\i//{“\ Sﬁ. DNP "'Js\ N,JL\{/\\//\V, N “ DNP
H RQHone Ho Sone

or a group according to the chemical structures

Oal I o NGq
s \.xf'
Y

Where Y’ is H or NG, (preferably H);
Xis Q, CHy, NR', S(0), S{O)2, -S(000, -0S(0)2, or OR{0),0; and
R' s H, a C-Ca alkyl group, or a -C{ONC-C1) group.
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In one embodiment of the nvention, compounds of the present invention melude
those compounds wherein said AgM group is @ proup represented by the chemical formula:

HOCH,
o}
HOCH, HOm( ,,....x B b

HG»—{PO\»HJ_A‘ O

-

M DH

Where X' is CH+, O, N-RY o S, preferably O

R' is H or C-Cs alkyl; and

Z is a bond, a monosaccharide, disaccharide, oligosaccharide, more preferably a sugar group
selected from the monosacchandes, mchuding aldoses and ketoses, and disaccharides,
including those disaccharides described herein. Monosaccharide aldoses include
monosaccharides such as aldotriose {(D-glveeraldehdys, among others), aldotetroses (-
ervthrose and D-Threose, among others), aldopentoses, (D-ribose, D-arabinose, D-xviose, D-
lvxose, among others), aklohexoses {D-allose, D-altrose, D-Glucose, D-Mannose, D-gulose,
D-idose, D-galactose and D-Talose, among others), and the monosaccharide ketoses include
monosaccharnides such as ketotriose {dibvdroxyacetone, among others), ketotetrose (D-
ervthrulose, among others), ketopentose (D-ribulose and D-xylulose, among others),
ketohexoses (D-Psicone, D-Fructose, D-Borbose, D-Tagatose, among others), aminosugars,
including galactoseanine | stalic acid, N-acetyvlglucosaming, among others and sulfosugars,
including sulfoguinovose, among others. Exemplary disaccharides which find use in the
present invention include sucrose {which may have the glucose optionally N-acetylated),
actose (which may have the galactose and/or the glucose optionally N-geetylated), maltose
{which may have one or both of the glucose residues optionally N-acetviated), trehalose
{which may have one or both of the glucose residues optionally N-acetvlated), cellobiose
{which may bave one or both of the glucose residues optionally N-acetyvlated), kojibiose
{which may have one or both of the glucose residues optionally N-acetylated), nigerose
{which may have one or both of the glucose residaes optionally N-acetviated), isomaliose
{which may bave one or both of the glucose residues optionally N-acetvlated), B.0-trehalose

{which mav have one or both of the glucose residues optionally

N-acetviated), sophorose
{which may have one or both of the glucose residues optionally N-acetvlated), laminaribiose
{which may have one or both of the glocose residues optionally N-scetviated), gentiobiose

{which may have one or both of the glucose residues optionally N-acetyiated), turanose
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{which may bave the glucose residue optionally N-acetvlated), maltvlose {whoch may bave
the ghucose residue optionally N-acetviated), palatinose (which may have the glucose residuc
optionally N-acetylated), gentiobiluose {(which may have the glucose residue optionally N-
acetylated), mannobiose, melibiose (which may have the glucose residue and/or the galactose
residue optionally Ne-acetylated), melibiulose (which may have the galactose restdue
eptionallyv N-acetylated), rutinose, (which may have the glucose residue optionally N-

acetviated), rutinalose and xvlobiose, among others,

In one embodiment of the mvention, compounds of the present invention include those

compownds wherein satid ABT group is a group according to the chemieal structure;

M@,’ Me
[ ERN
I " . o
HQ K™ y .\a“' - Q\,ﬁ}
.L}- i HO ~ (; Xe-§ % Py NMesCl
Hé OH H(j E}H
a-L-Rhamnose f-b-Rhamnose Phosphory Chaoline
O
H
Q cﬁ?‘/‘ ‘\JJL‘N’:%‘
U [ H
e W»"' N,,N.\[/CDZH
O Ri
Menadions Carboxyethyl Lysine (R! = Me)

Where Xg 150, S or NR'; and
X is O, NR or 8, and

R' is H or a C-C; alky! group.

In one embodiment of the invention, compounds of the present invention include

those componnds containing more thay one rhampose group.

I one embodinment of the invention, cotapounds of the present myvention include

those compounds wherein said ABT is a group according to the chenuical structure;
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O

o ‘
Me‘)L\*’JL‘V“f )

Y

I
H

Where X7 15 Q, CHz, NR', 8: and

RYis H, a C-Cy atkyl group or a OO Cs) grouy; o

O
N nos
™~ X&)I\\v]/
Where X® is a bond, O, CH, or NR'or 8; and
R is the same as above; or

a group according to the chemical strocture:

o G ‘
r %]
éﬂ\ N /u‘\fw“”\ S»— RNDZ 'Jss‘\ NJJ\\:,/‘\\_,/\\ e M ~ HNQQ
RHRNG2 Ho oz

Where R i« g dinttrophenyl group optionally Hnked through CHa, SO}, S{0);, -S(010, ~
OS{OY;, oy OS(0L0;

a dinttrophenyl group according 1o the chemical structure:

s,

SNO;

I

X

\ 7

Yl

Where Y7 1s H or NO3 {preferably H),
Xis O, CH., NR), 8(0), S{0 )2, -5{0 10, 050, or O5{01:0; and
RUGSH, a GOy alkyl group, or a ~C{OXC-C3) group;

In one embodiment of the invention, compounds of the present mavention include

those compounds where ABT 1s a dinttrophenyl group or a rhamnose group.
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In one embodiment of the nvention, compounds of the present invention melude

those compounds where LIN includes the following

0 o 0 O
I N
‘5\{’ % A “%” ;i
CH no"

or a O group,

Where X7 is CHy, O, 8, NR (0}, S(0)a, -S(0):0, -OS(0),, or ONO)0;
X' is O, 8, NRY,
R*is H, a Ci-Cs atkyl or alkanal group, or a -C{ONC-Ca) group; and

n” is independently O to 8, often 1 to 7, or 1, 2, 3, 4, 5 or 6 (preferably 3).

In accordance with the present invention there 1s also provided a method of reating

cancer comprising admiristering 1o a cancer patient compounds of the presemnt invention.

{n accordance with the present invention there is also provided a method of reducing
the likelithood that a cancer in a patient will metastasize comprising adninistering 1o a cancer

patient compounds of the present invention.

The present invention alse includes the use of compounds of the present mvention in

the manufacture of a medicament for the treatment of cancer.

By virtue of the present mmvention, it may be possible to provide improved therapies

for the weatment of cancer. uPAR s over-expressed on many cancer cell types which enables
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its potential application as a thetapeutic targeting a wide range of cancer cell types.
Compoands of the present invention employ a dual mode of action gs an anticancer
therapentic by disrapting the native uPA oPAR interaction as an antagonist and by targeting
metastatic cancer cells for destruction by the host immune system as an antibody recruiting
molecule and shows that emploving small molecnles to redivect the evtotoxic functions of
antibodies selectively against cancer cells, might reduce the toxicity associated with other

cancer fighting strategies.

Detailed Description of the Invention

In accordance with the present itnvention there may be emploved conventional
chemical synthetic and pharmaceutical formulation methods, as well as pharmacology,
molecular biology, microbiology, and recombinant DNA techunigues within the skill of the
art. Such techniques are well-known and are otherwise explained fully in the literature.

Where a range of values 1s provided, it is understood that each miervening value, o
the tenth of the unit of the lower limit unless the context clearly dictates otherwise (such as m
the case of a group contaning a aumber of carbon atoms), between the upper and lower limut
of that range and any other stated or intervening value in that stated range is encompassed
within the invention. The upper and lower limits of these smaller ranges mayv independently
be included 1n the smaller ranges 15 also encompassed within the mvention, subject to any
specifically excluded lmit in the stated range. Where the stated range includes one or both of
the Hmits, ranges excluding either both of those included himits are also included in the
nvention.

Unless defined otherwise, all technical and scientifiv terms used horem have the same
meaning as conunonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the
preferred methods and materials are now described.

Tt is to be noted that as used heretn and in the appended claims, the singular forms "
"and" and "the" include plural references unless the context clearly dictates otherwise.

Furthermore, the following terms shall have the definitions set out below. Itis
understood that in the event a specific term is not defined hereinbelow, that term shall have a

meaning within s typical use within context by those of ordinary skill in the art.
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The term “componnd”, as ased hevein, unless otherwise mndicated, refers to any
specific chemical compound disclosed herein and includes tantomers, regioisomers,
geomettic 1somers, stereoisomers and where applicable, optical isomers (enantiomers)
thereof, as well as pharmaceutically acceptable salts and derivatives (including prodrug
forms) thereof. Within its use in context, the term compound generally refers to a single
compound, but alse may include other compounds such as sterecisomers, regipisomers
and/or optical isomers (including racemic mixtures) as well as specific enantiomers or
enantiomerically enniched mixtures of disclosed compounds. The term also refers, within
context, to prodrug forms of compounds which have been modified to facilitate the
administration and delivery of compounds to a site of activity. 1t is noted that in describing
the present compounds, nwmnerous substitnents, nkers and connector molecules and
variables associated with same, among others, are described. The use of a bond presented as

----- sipnifies that a single bond is present or absent, depending on the context of the

chemistry described. The use of a bond presented as -———-- signifies that a smgle bond or a
double bond is intended depending on the context of the chemistry described. Jtis
understood by those of ordinary skill that molecules which are described herein ave stable
compounds as generally described hereunder.

The term “patient” or “subject” 1s used throughout the specification within context to
describe an animal, generally a mammal and preferably a human, o whom treatment,
mcluding prophylactic treatment {prophylaxis, including especially as that term 15 used with
respect 1o reducing the likelihood of metastasis of an existing cancer}, with the compositions
according o the present invention is provided. For treatment of those infections, conditions
ot disease states which are specific for a specific animal such as a human patient or a patient
of a particular gender, such as g human male or female patient, the term patienmt refers to that
specific animal. Compounds according to the present invention are useful for the treatment
of cancer, including especially for use in reducing the likelihood of metastasis of a cancer.

The term “effective” i1s used herein, unless otherwise indicated, to describe an
amount of a compound or composition which, in context, Is used to produce or effect an
ntended resolt, whether that result relates 1o the inhibition of the effects of a disease state
{2.g. cancer) on a subject or the treatment or prophylaxis of a subject for secondary
conditions, disease states or manifestations of disease states as otherwise described herein,
This term subsumes all other effective amount or effective concentration terms (including
the term “therapeutically effective™) which are otherwise described in the present

application.
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The terms “treat”, “ireating”, and “treatment”, etc., as used herein, refor to any action
providing a benefit to g paticut ab risk for cancer or metastasis of cancer, including
improvement in the condition through lessening or suppression of at least one symptom,
inhibition of cancer growth, reduction in cancer cells or tissue, prevention, reduction in the
likelihood or delay in progression of cancer or metastasis of the cancer, prevention or delay in
the onset of disease states or conditions which occur secondary o cancer OF TRIMMSSION OF cure
of the cancer, among others. Treatment, as nsed herem, encompasses both prophylactic and
therapeutic treatment. The texm “prophylactic™ when used, means to reduce the likelihood of
an occurrence or the severity of an occurrence within the context of the tremtment of cancer,
inchuding cancer metastasis ag otherwise described hereinabove,

The term "neoplasta” or “cancer” is used throughout the spectfication to refer to the
pathological process that results in the formation and growth of a cancerous or maklignamt
neoplasm, i.e., abnormal tissue that grows by cellular proliferation, often more rapidly than
normal and continues to grow after the stimuli that initiated the new growth cease. Malignant
neoplasms show partial or complete lack of structural organization and functional
coordination with the normal tissue and most invade surrounding tissues, metastasize to
several sites, and are likely to recur after attempted removal and to cause the death of the
patient unless adequately treated. As used herein, the term neoplasia is used to describe all
cancerons disease states and embraces or encompasses the pathologieal process associated
with malignant heratogenous, ascitic and solid tumors,

Neoplasms include, without Hnvitation, morphological tregulanities in cells i tissue
of a subject or host, as well as pathologic proliferation of cells in tissue of a subject, as
compared with normal proliferation in the same type of tissue. Additionally, neoplasms
include benign tumors and malignant tumors (2.g., colon tumors) that are erther mvasive or
noninvasive. Malignant neoplasms {cancer) are distinguished from benign neoplasins in that
the former show a greater degree of anaplasia, or loss of differentiation and orientation of
cells, and have the properties of invasion and metastasis. Examples of neoplasms or
neoplasias from which the target cell of the present invention may be derived inclade,
without Hmitation, carcinomas {e.g., squamous-cell carcinomas, adenocarcinomas,
hepatocellular carcinomas, and renal cell carcinomas), particularly those of the bladder,
bowel, breast, cervix, colon, esophagus, head, kidney, fiver, lung, neck, ovary, pancreas,
prostate, and stomach; leukemias; benign and malignant tymphomas, particularly Burkitt's
lymphoma and Non-Hodgkin's Iymiphoma; benign and malignant melanomas;

myeloproliferative diseases; sarcomas, particalarly Ewing's sarcoma, hemangiosarcoma,
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Kaposi's sarcoma, hposarcoma, myosarcomas, peripheral neurcepithelioma, and synovial
sareoma; tumors of the contral nervous system (¢ g, gliomas, astrocyvtomas,
oligodendrogliomas, ependymomas, gliobastomas, neusroblastomas, ganglioneuromas,
panglioghomas, medulloblastomas, pineal cell tumors, meningiomas, memngeal sarcomas,
nenrofibromas, and Schwannomas), germ-line tumors {e.g., bowel cancer, breast cancer,
prostate cancer, cervical cancer, uterine cancer, lung cancer, ovarian cancer, testicular cancer,
thyroid capcer, astrocyvtoma, esophageal cancer, pancreatic cancer, stomach cancer, liver
cancer, colon cancer, and melanoma); mixed types of neoplasias, particularly carcinosarcoma
and Hodgkin's disease; and twmors of mixed origin, such as Wilms' tumor and
teratocarcinomas { Beers and Berkow {eds.}, The Merck Manual of Diagnesis and Therapy,
17 sup.th ed. {Whitehouse Station, N Merck Research Laboratories, 1999) 973-74, 976,
986, 988, 991). All of these neoplasms may be treated using compounds according to the
present invention.

Representative common cancers to be treated with compounds according to the
present invention include, for example, prostate cancer, metastatic prostate cancer, stomach,
colon, rectal, liver, pancreatic, lung, breast, cervix wteri, corpus uteri, ovary, testis, biadder,
renal, bram/CNS, head and neck, throat, Hodgkin's disease, non-Hodgkin's lymphoma,
multiple myeloma, leukemia, melanoma, non~-melanoma skin cancer, acute lymphoeytic
lenkemia, acute myelogenous leukemia, Ewing’s sarcoma, small cell fung cancer,
chortocarcinoma, rhabdomyosarcoma, Wilms™ tumor, newroblastoma, hairy cell leukemua,
mouth/pharyox, cesophagus, larynx, kidoey cancer and hanphoma, among others, which may
be treated by one or more compounds according to the present invention. Because of the
activity of the present compounds, the present invention has general applicabilily treating
virtually any cancer i any tissue, thus the compounds, compositions and methods of the
present invention are generally applicable to the treatment of cancer and tn reducing the
likelihood of development of cancer andfor the metastasis of an existing cancer,

In certain particular aspects of the present invention, the cancer which is treated 1s
metastatic cancer, a recwrrent cancer or a drug resistant cancer, especially including a drug
resistant cancer. Separately, metastatic cancer may be found in vivtually all fissues of 8
cancer patient n late stages of the disease, typically metastatic cancer is found m bvmph
system/nodes (hymphoma), in bones, in lungs, in bladder tissue, in kidney tissne, Hver tissue
and in virtually any tissue, including brain (brain cancer/tumor). Thus, the present invention
is generally applicable and may be used to treat anv cancer in any tissue, regardless of

eticlogy.
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The term “tumor™ 18 used 1o describe a malignant or benign growth or tumefacent.

The term “antibody binding moiety”, “antibody binding terminus™ or “antibody
binding structure” {ABT) within the general formula of compounds according to the present
invention) is used to described that portion of a bifunctional compound according to the
present invention which comprises at least one small molecule or hapten which can bind to
antibodies within the patient. The term “hapten” is used to describe 3 small-melecular-
weight inorganic or organic molecule that alone is not antigenic but which when linked to
another molecule, such as a carrier protein {albumin, etc.} or i the case of the present
invention, as an antibody terminus in the present compounds, s antigenic; and an antibody
raised against the hapten {generally, the hapten bonded or complexed o the carvier} will react
with the hapten alone. Because, in many instances, anti-hapten (especially anti-DNP)
antibodies are already present in the human blood stream as endogenous antibodies because
they naturally become raised to endopenous haptens (abready present i patients), no pre-
vaccination s necessary for activity, but may optionatly be used to micrease the efficacy of
the compounds disclosed herem.

Pharmaceuntical compositions according to the present invention comprise an effective
amount of at feast one compound as otherwise described heremn, in combination with a
pharmaceutically effective amount of 8 carrier, additive or excipient, optionally, in
combination with one or more of the additional agents, especially anti-cancer agenis,
otherwise described herein, all in effective amoants.

The pharmacentical compesitions of the present invention may be formulated ina
conventional manner using one or more pharmaceutically acceptable carriers and may also be
administered 1 immediate, early release or controlled-release formulations.
Pharmaceatically acceptable carriers that may be used in these pharmaceutical compositions
include, bt are not Himited to, ion exchangers, alumina, aluminum stearate, lecithin, serwm
proteing, such as human seram albumin, buffer substances such as phosphates, glveine, sorbic
acid, potasstam sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water,
salts or electrolvies, such as prolamine sulfate, disodium hydrogen phosphate, potassium
hwdrogen phosphate, sodium chloride, zine salts, collowdal sitica, maguesiur fristhicate,
polyvinyl pyrrolidone, cellulose-based substances, polvethvlene glveol, sodium
carboxymethvicellulose, polvacrvlates, waxes, polyethvlene-polvoxvpropviene-block
polymers, polyethviene glveol and wool fat.

The compositions of the present invention may be admupustered orally, parenterally,

by inhalation spray, topically, rectally, nasally, nceally, vaginally or via an implanted
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reservoir. The teym "parenteral” as used herein includes subcutansous, intravenous,
mtrantuscular, intra-articular, imntra-synovial, intrastomal, mtrathecal, imrahepatic,
intralesional and intracranial injection or infusion techuiques. Preferably, the compositions
are administered orally, intraperitoneally or intravenously,

Sterile ijectable forms of the compositions of this invention may be agueons or
oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension i a non-
toxic paremterallv-acceptable diluent or solvent, for example as a solution in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be enployed are water, Ringer's
solution and isotonie sodium chloride solution, In addition, sterile, fixed oils are
conventionally emploved as a solvent or suspending mediam. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oteic acid and s glyceride derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or castor il especially in their
polyoxvethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as Ph. Helv or sumilar alcohol.

The pharmaceutical composttions of this invention may be orally administered in any
orally acceptable dosage form including, bat not limited to, capsules, tablets, aqueous
suspensions or solutions, In the case of tablets for oral use, carviers which are commonly used
include lactose and com starch. Lubricating agents, such as magnesium stearate, are also
tvpically added. For oral sdaunistration in a capsule form, useful diluents include lactose and
dried corn starch, When aqueous suspensions are required for oral use, the active ingredient s
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring
or coloring agents may also be added.

Altematively, the pharmaceutical compositions of this tnvention may be administered
in the form of suppositories for vectal admimstration. These can be prepared by mixing the
agent with a suitable non-irritating excipient which is solid at room temperature but Hquid at
rectal temperature and therefore will melt in the rectum to relense the drug. Such materials
include cocoa butter, beeswax and polyethylene glycols,

The pharmaceutical compositions of this invention may also be administered
topically. Suitable topical formulations are readily prepared for each of these areas or organs.

Topical application for the lower intestingl tract can be effected in a rectal suppository
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formudation {see above) or in a suilable enema formulation. Topically-acceptable
transdermal patches may also be used.

For ophthalmic use, the phanmaceutical compoxitions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotowie, pH adjosted sterile saling, either with our without a preservative such as
benzylalkonium chionde. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointment such as petrolatum.

The pharnaceutical compositions of this invention may also be administered by nasal
aerosol or inhalation, Such compositions are prepared according to techniques well-known in
the art of phanmaceutical formulation and may be prapared as solutions in saline, enploving
benzyl alcohol or other suitable preservatives, absorption promoters 1o enhance
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.

The amoeunt of compound in a pharmacentical composition of the instant invention
that may be combined with the carrier materials to produce a single dosage form will vary
depending upon the host and disease treated, the particular mode of administration.
Preferably, the compositions should be formulated to contain between about 0.03 milligram
to about 1 to several grams, more preferably about 1 milligram to about 750 milligrams, and
even more preferably abouot 10 milhgrams 1o about 500-600 milligrams of active ingredient,
alone or in combination with at least one other compound according to the present invention
or other anti-cancer agent which may be used {o treat cancer or a secondary effect or
condition thereof.

It should also be understood that a specific dosage and teastment regimen for any
particudar patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, ime of administration,
rate of excretion, drug combination, and the judpment of the freating physician and the
severity of the particular disease or condition being treared.

A patient or subject {e.g. a male or female human) suffering from cancer can be
treated by administering to the patient (subject} an effective amount of a compound according
to the present invention including pharmaceutically acceptable salts, solvates or polyvmorphs,
thereof optionally in a pharmaceutically acceptable carrier or diluent, either alone, or in
combination with other known pharmaceutical agents, preferably agents which can assist in
treating cancer and/or secondary effects of cancer or ameliorate the secondary effects and

conditions associated with cancer, including metastasis of cancer. This treatment can also be
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administered m conjunction with other conventional cancer therapies, imncluding radiation
therapy.

Other agents which may be administered to a patient in combination with a compound
according fo the present invention {prior to, subsequently to, concurrently with or in a fixed-
dose combination withy inclnde, for example, an antimetabolite, an inhibitor of topoisomerase
Pand I, an alkyvlating agent, 8 microtubule inhibitor or a mixture thereof, an FLT-3 inhibitor,
a VEGFR inhibitor, an EGFR TK mbibitor, an awrora kinase inhibitor, 8 PIK-1 modulator, a
Bel-2 inhibitor, an HDAC inhbitor, a o-MET mhibitor, a PARP inhibitor, a Cdk inhibitor, an
EGFR TK inhubitor, an IGFR-TK mhibitor, an anti-HGF antibody, a P13 kinase inhubitors, an
AKT inhibitor, 3 JAKSSTAT inhibitor, a checkpoint-1 or 2 inhibiior, a focal adhesion kinase
mhubitor, & Map kinase kinase (mek) mthibitor, a VEGF trap antibody or a muxture thereof] an
anticancer agent from the list of everolimus, trabectedin, abraxane, TLK 286, AV.299 DIN-
101 | pazopanib, GK690693, RTA 744, ON 0910 Na, AZD 6244, AMN-107, TK1-258,
GSK461364, AZD 1152, enzastausin, vandetanib, AR-197, MEKAO437, MLNE0S4, PHA-
739358, R-763, AT-9263, pemetrexed, evlotinib, dasatanib, nilotinib, decatanily,
panitwnumab, amrubicin, oregovomab, Lep-etu, nolatrexed, azd2171, batabuhin,
ofatumumab, zanohmumab, edotecarin, tetrandrine, rubitecan, tesmilifene, oblimersen,
ticilimumab, iptimumab, gossvpol, Bio 111 | 131-EFTM-601 | ALT-110, BIO 140, CC 8454,
cilengttide, gimatecan, [L13-PE3SQQR, INO 1001 | IPAR KRX-0402, lucanthone, LY
317615, newadigh, vitespan, Rta 744, Sdx 102, talampanel, strasentan, Xr 311 | romidepsin,
ADS~ 100380, swnitinib, S-Huorouracil, vorinostat, stoposide, gemcitabine, doxorubicin,
liposomal doxorubicin, S-deoxy-3-fluorcuridine, vincristing, temorolomide, ZK-304709
selicichib; PDO323901 | AZD-6244, capecitabine, L-glatamie acid, N ~[4-[2-(Z-amino-4,7-
diltydro-4-oxo-1 H-pyrrolof2 3- d Ipyrinidin-5-¥ethyijbenzovl]-, disodium sali,
heprahvdrate, camptethecin, PEG-labeled irinotecan, tamoxifen, toremifene citrate,
anastrazole, exemestane, letrozole, DES (diethvistilbestrol), estradiol, estrogen, conjuuated
estrogen, bevacizumab, IMC-1CH, CHIR-238.); 3-{S-{methylsulfonyipiperadinemethyl)-
mndolvl]-quinolone, vatalanib, AG-013736, AVE-0005, goserelin acetate. leuprolide acetate,
triptorelin pamoate, medroxyprogesterone acetate, hydroxyprogesterone caproate, megestrol
acetate, raloxifene, bicalutamide, flutamide, niutamide, megestrol acetate, CP-724714; TAK-
165, HK1-272, erlotinib, lapatanib, canertinib, ABX-EGF antibody, erbitux, EKB-569, PKI-
166, GW-572016, lonafarnib, BMS-214662, tipifarnib; amifostine, NVP-LAQS24, suberoyl
analide hydroxamic acid, valproic acid, trichostatin A, FI-228, SU 1248, sorafend,

KRN®31 | aminoglutethimide, amsacrine, anagrelide, L-asparaginase, Bacillus Calmette-
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Guerin (BOG) vaccine, blecmyein, buserehing, busnlfan, carboplatin, carmusting,
chlorambucil, cisplatin, cladnbineg, clodronate, cyproterone, cytargbing, dacarbazine,
dactinomycin, daunorubicin, diethyvistilbestrol, epirubicin, fludarabie, fludrocortisone,
fluoxymesterone, flutamide, gemeitabine, hydroxyurea, idarubicin, ifosfamide, imatinib,
feuprolide, levamisele, lomustine, mechlorethamine, melphalan, S-mercaptopuring, mesna,
methotrexate, mitomycin, mitotane, mitoxantrone, nitutanide, ocireotide, oxaliplatin,
pamidronate, pentostatin, plicamyein, porfimer, procarbazine, raltitrexed, rituximab,
streptozocin, teniposide, testosterone, thalidomide, thioguaning, thiotepa, tretinom, vindesine,
13-cis-retinoic acid, phenvlalanine mustard, wactl mustard, estramustine, altretanune,
floxuridine, S-decoxyuridine, cytosine arabinoside, 6-mecaptopurine, deoxyeoformycin,
caleitrinl, valrubicin, mithramyein, vioblasting, vinorelbine, topotecan, razosin, marimastat,
COL-3, neovastat, BMR-275291 | squalamine, endostatin, SUS 16, SUGOGE, EMDI121974,
imterlenkin-12, IMB62, angiostatin, vitaxin, droloxifene, idoxviene, spironolactone,
finasteride, cunitidine, trastuzumab, denileukn diftitox, gefitinib, bortezimib, paclitaxel,
cremophor-free paclitaxel, docetaxel, epithilone B, BMS~ 247550, BMS-310705, drolaxifene,
4-hydroxytamonxifen, pipendoxifene, ERA- 923, arzoxifene, fulvestrant, acolbifene,
lasofoxifene, idoxifene, TSE-424, HMR- 3339, ZK 186619, topotecan, PTK787/ZK 222584,
VX-745, PD 184352, rapamvein, 40-O-(2-hydroxvethylj-rapsmyoin, temsirolimus, AP-
23573, RADOO! , ABT-578, BC-210, LY 294002, LY292223, LY 292696 LY 293684,

LY 203646, wortmannin, ZM336372, L-779,450, PEG-filgrastim, darbepoetin, ervthropoietin,
granulocyte colony-stimulating factor, zolendronate, prednisone, cetuximab, granulocyte
macrophage colony-stimulating factor, histrelin, pegylated interferon alfa-2a, interferon slfa-
2a, pegylated interferon alfa-2b, interferon alfa-2b, azacitidine, PEG-L-asparaginase,
lenalidomide, gemtuzumab, hydrocortisone, interleukin-11 | dexrazoxane, alemtuzamab, all-
transvetinoic acid, or a mixture thereof

The compounds of the present invention can be adnumistered by any appropriate
route, for example, orally, parenterally, mtravenously, subcutaneously, or topically, s hquwd,
cream, gel, or solid form, or by aerosol form.

The compounds of the present invention are typically included in the
pharmaceutically acceptable carrier or diluent in an amount sufficient to deliver 1o a patient a
therapeutically effective amount for the desired indication, without causing serious toxic
effects in the patient treated. A typical dose of the active compound for the herein-mentioned
conditions 15 in the range from about 10 ng'ky to 300 my'ky, preferably about 0.1 to 100

myg'kg per day, more generally 0.5 to about 23 mg per kilogram body weight of the
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reciptent/patient per day. A typieal topical dosage will range from 0.01-5% wifwt ina
suitable carrier.

The compounds of the present invention are typically convenently administered in
any suitable unit dosage form, including but not imited to one comaining less than ITmyg, 1
mg to 3000 myg, preferably about S 10 S00-600 my or more of active ingredient per unit
dosage form. An oral dosage of about 25.250 mug is often convenient.

The compounds of the present invention are typically preferably administered to
achieve peak plasma concentrations of the active compound of about Q.00001-30 mM,
preferably about 0.1-30 uM. This may be achieved, for example, by the intravenous injection
of a solution or formulation of the active ingredient, opionally in saline, or ap agueous
medium or administered as g bolus of the active ingredient. Qral administration 15 also
appropriate to generate effective plasma concentrations of active agent.

The concentration of the compounds of the present invention in the drug product, e.g.
pharmaceutical composition, will depend on absorption, distribution, inactivation, and
excretion rates of the drug as well as other factors known to those of skill in the art. Itisto
be noted that dosage values will also vary with the severity of the condition to be alleviated.
It 15 to be further understood that for any particular subject, specific dosage regimens should
be adjosted over time according to the individual need snd the professional judgment of the
person administering or supervising the administration of the compositions, aad that the
concentration ranges set forth herein are exemplary only and are not intended to himit the
scope or practice of the claimed composition. The active ingredient may be administered at
once, or may be divided into g mumber of smaller doses 10 be administered at varving
miervals of time.

Oral compositions will generally include an inert diloent or an edible carrier. They
may be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound or its prodmg derlvative can be tncorporated
with excipients and used in the form of tablets, troches, or capsules. Pharmaceutically
compatilie binding agents, and/or adjuvan materials can be tncluded as part of the
composition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: g binder such as microcrystalline cellulose,
gum fragacanth or gelating an excipient such as starch or lactose, a dispersing agent such as
alginic acid, Primogel, or com starch; a lubricant such as magnesium stearate or Sterotes, a

glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharnn; or a
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Havoring agent such as peppermint, methyl salicylate, or orange Havorimg When the dosage
unit form 1s a capsule, 1t can contamn, in addition to material of the above type, a hiquid carrier
such as a fatty oil. In addition, dosage unit forms can contain various other materials which
modify the physical form of the dosage unit, for example, coatings of sugar, shellac, or
enteric agents.

The compounds of the present invention can be administered as a component of an
elixir, suspension, syrup, wafer, chewing gum or the like. A syrup mav confain, in addition to
the active compouads, sucrose as a sweetening agent and certain preservatives, dyes and
colorings and flavors.

The compounds of the present Invention can also be mixed with other active materials
that do not impair the desired action, or with materials that supplement the desived action,
such as other anticancer agent, anti-HIV agents, antibiotics, antifimeals, anti-inflammatories,
or antiviral compounds.  In certain preferred aspects of the invention, one ot more
compounds according to the present invention are coadministered with another anticancer
agent and/or another bioactive agent, as otherwise described herein.

Solutions or suspensions used for parenteral, intradermal, sabeutaneous, or topical
application can mclude the following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethvlene glveols, glycerine, propylene glyeol or
other synthetic solvents; antibacterial agems such as benzyl alcobol or methyl parabens;
antioxidants such as ascorbic actd or sodtam bisulfite; chelating agents such as
cthylenediaminetetraacetic acid; buffers such as acetates, citvates or phosphates and agents
for the adjustment of tonicity such as sodium chioride or dextrose. The parental preparation
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

If administered intravenously, preferred carriers are physiological saline or phosphate
buffered saline {PBS).

In one embodiment, the compounds of the present invention are prepared with carriers
that will protect the compound against rapid elimination from the body, such as a controlled
refease formulation, including tmplants and microencapsulaied delivery svstems,
Biodegradable, bioccompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polvglveolic acid, collagen, polvorthoesters, and polvlactic acid. Methods for
preparation of such formulations will be apparent to those skilled in the art.

Liposomal suspensions may also be pharmaceutically acceptable camriers. These may

be prepared according to methods known to those skilled in the art, for example, as described
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m UK Pat No. 4,522 311 {which is incorporated herein by reference in is entirety). For
example, hposome formulations may be prepared by disselving appropuate hpid(s) {such a3
stearoy! phosphatidyl ethanolamine, stearovl phosphatidy! choline, arachadoyl phosphatidyl
choline, and cholesterol) in an inorganic solvent that is then evaporated, leaving behind a thin
flm of dried hipid on the surface of the container. An agueous solution of the active
compound are then introduced into the container. The container is then swirled by hand to
free hipid material from the sides of the container and to disperse hipid aggregates, thereby

forming the iposomal suspension.

The following examples are provided for tHustrative purposed and are not intended to
limit the scope of the invention of the claims. Certain references to compounds, e.g | as
“ABT-1", or “ARM-U2 derivative 6-ABT-5 was synthesized as described for 6-ABT-1"
are made with reference to the compounds and procedures set forth and described in
WO02017 /023994, published February 8, 2017, the disclosure of which is hereby

incorporated by reference.

General Chemical Synthesis

The following chemical example is provided to indicate fo one skilled in the art as to
how to make certam compounds in accordance with the present invention. N-Boc-nipecotic
acid T was coupled with the suitable DNP linked amine using HATU coupling conditions,
and the Boo group was removed with TFA o give 2. The secondary amme of 2 displaced the
bromine of 3 at 70 "C with DIPEA in DMF to give 4. Upon exposure of a red solution of the
isoxazole 4 in DMSO o room light for up to 48 b or longer, a color change to purple is
observed giving 8. The conversion of 4 to § occurs much more quickly in agueous solution
{ty2 = 3 h) relative to DMSQO {12 = 24 h). HPLC punification resulted m isolation of the ring

opened compound &

e, «ND:
?L Linkss-ONE E ‘ r g’
- e’ HATLY, DIFEA AN ‘-N»" f\O‘ "‘\_,»”"‘*N" Ry
J DMF TFA T NY O N T
Boe- N HN A NO,
1
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Synthesis of ABT-8

ABT-S was synthesized in a similar manner to ABT-1 byt using 1-BOC-piperidine-4-
cathexylic acid in place of BOC-D-nipecotic acid or BOC-Lenipecotic acid. First, 1-chloro~
2 4-dintrobenzens was coupled o 4,7, 10-ndecanadiaime as previously described (REF)Y
The resulting DNP appeuded PEGSJinkﬁzr{B. 178, 862 mﬂmi)_g i ~}§{}C‘gp.iperidiﬁe»%»

and DIPEA (979 ul., 5.62 mm@l} were combined mn DMF (10 m{.} and stivred m-'am_ight at
room temperature. The reaction was diluted with ethyl scetate, washed with water 2x), IN
HCY, and 1M Na2CO03. The organic laver was dried over Na2S(0M, filtered and concentrated
i vacwe. The crude BOC-protected ABT-5 was dissolved i a 111 DOCM/TFA and stirred at
room temperature for 4 hours. The volatiles were removed & varre. The residue was diluted
with DCM and carefully neutralized with sat. aq. NaHCO3, The lavers were separated and
the aqueous layer was extracted twice more with DCM. The combined organic extracts were
dried over Na2S(4, filtered and concentrated to vield crude ABT-3 (2.03 g, 4.08 mmol, 80%
yield) as a viscous vellow oil, ES-LUMS: méz 495 09 (M+H)'.
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Syathesis of ARMAUZ devivative 6ART-S

ARM-UZ derivative 6-ABT-3 was svnthestzed as described for 6-ABT-1 only intermediate

VIHE (13 mg, 0.027 mmol) was conpled to hoker ABT-3 {13.5 mg, 0.027 mmol) as opposed
to ABT-1. The product was purified by Gilson C18 reverse phase prep HPLC with a gradient
of 20-70% ACNH20 (both water and ACN contain 0.1 % TFA) and following lvophilization
yielded 6<-ABT-S i1 29 95 vield (7.6 myg, 0.0079 mmol) as a lyophilized reddish-orange

solid. 'H NMR (300 MHz, DMSO) § 11.68 {5, 1H), 8.87-0.03 (m, 1H), 8.77-8.83 {m, 1H),
839-8.58 {my, THD, 8.18-8.26 {m, 1H}, 809818 (m, 2H), 7.76-7 86 {m, 2H), 7.66-7.73 (m,
1H), 7.60-7.65 {m, 1H), 7.52-758 {m, 1H), 7.17-7.25 (m, 1H), 6.33-6.39 {m, 1H}, 431-452
{m, 2H}, 3.46-3.60 (m, 17H}, 3.01-3.12 (m, 2H), 1.86 (s, 4H), 1.67-1.79 {m, 2H}, 1.60 {5,

2H). ES-LOMS: miz 968,30 (M+HY,

o oz ND»
,-"'\ \ E
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NG,
_&ﬁgihesi_s of ABT-%

ABT-6 was synthesized in similar manmer 0 ABT-8 only that 1-chlore-2 4-dinftrebenzene

was coupled to 1.19-diamine-4,7,10,13 16-pentgosanonadecane instead of 4,7,10-
tridecanediaime to syathesize the DNP appended PEGS-linker. ES-LOMS: m/z 586.33
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Syuthesis of ARM-U2 derivative 6-ABT-6

ARM-UZ derivative 6-ABT-6 was synthesized as deseribed for 6-ART-8 valy intermediate
VI (13 mg, 0.027 mmol) was coupled to hoker ABT-6 (159 mg, 0027 numol) a5 opposed
10 ABT-1. The product was pusified by Gilson C18 reverse phase prep HPLO with & gradient
of 25-75% ACNH2O0 (both water and ACN contain 0.1 % TFA) and following Ivophilization
yielded 6-ABT-6 in 28 % vield (8.0 mg, 0.0076 mmol) as a Ivophilized reddish-orange

solid. "H NMR (300 MHz, DMSG) S 11.63-11.76 (m, 1H), 8.88-8.96 (m, 1H), 8.78-8.82 {m,
1H), 8.42-8.49 (m, 1H), 8.18-8.26 (m, 1H), 8.11-8.17 (m, 2H), 7.76-7 88 {m, 2H), 7.66-7.

{m, 1H), 7.61-7.65 (m, 1H), 7.52-7.58 (m, 1H}, 7.17-7.23 {(m, 1H), 637 (5, |H), 437-4.50
{m, 2H), 350 (d, /=3.81 Hz, 24H), 3.02-3.14 (m, 34}, 1.81-1.94 (im, 4H), 1.68-1 80 (m, 2H),
1384166 {m, 2H). BESALOMS: mdz 105635 (M+HY.

O
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Svatliesis of ARM-U2 devivative T-ABT-8

To a flame-dried round bottom flask under nitrogen was added di-bromo intermediate T

{100mg, 0.26 mmol), sulfanilic acid (183 mg, 1.1 mmol), and Li2CQ3 (146 mg, 1.98 ramol).
Anhvdrous DMF (5.3 ml) was added and the reaction was heated at 70 °C overnight. The
reaction was {iltered and purified directly by ISCO reverse-phase chromatography (shielded
fram direct light) with a gradient of 10-70% ACN/H20 (both water and ACN contain 0.1 %
TFA}. The product containing fractions were pooled and concentrated in vacuwo to obiain the
pure mono-sulfonated intermediate Xisolated in 58% vield (72 mg, 0.153 mmol).
Intermediate X (30 myg, 0.06 mmol) was dissolved in anhvdrous DMF {400 ul) to which
DIPEA (53 ul) and linker ABT-5 (32 mg, 0.06 mmol) were added and the solution allowed

to stir at 70 °C ovemight. The reaction mixture was purified directly by Gilson C18 reverse
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phase prep HPLO with a gradient of 30-80% ACNH2O (both water and ACN contain 0.1 %
TFA) and following lyophilization vielded 7-ABT-8 m 36 % vield (20.7 myg, 0.023 mmol) g8
a lyophilized reddish-orange solid. ES-LOMS: m/z 888.38 (M+H)".

G N2
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Synthesis of ARM-U2 derivative 8-ABT-5

ARM-U2 derivative 8-ABT-8§ was synthesized in a similar manner to 7-ABT-8 only that 2-
amino-S-methoxybenzenesulfonic acid (214 mg, 1.06 mmoly was used in place of sulfanilic
acid to obtain pure intermediate X1, Intermediate X1 reaction with ABT-5 as above resulted
in the isolation of 8-ABT-5 in 32 % yield (23.2 mg, 0.025 mmol). ES-LUMS: m/iz 918.43
{M+HY.

0 o - NO2 _
Y AP o Intermediate Xii
= AN —

amine-S-chlorohenzenesulfonic acid {2 19 myg, 1.06 nunol) was ased in place of sulfantlic
acid to obtain pure mtermediate X Intermediate X¥1 reaction with ABT-S as above
resulted in the isolation of 9-ABT-8 1n 75 % yield (41.2 mg, 0.048 mmol).  ES-LOMS: miz
922,37 (M+H)'.
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Syathesis of ARM-U2 derivative 10-ABT-S

Dertvative 10-ABT-8 was synthesized as described for 3-ART-1 only that the di-bromo-

isoxazoleinteremidatell was coupled to methyl 4-aminobenzoate in nitrobenzene using AICI3
to furnish the antline substitpted dertvative XTI in 85 % yield. Intermediate XHI reaction

with ABT-3 as above resulted in the isolation of 10-ABT-5 m 14% vield (53 mg, 0.061
mwol). ES-LOMS: mvz 86635 (M+H)'.
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Synthesis of ARM-U2 derivative 11-ABT-8

Dertvative 11-ABT-S was synthesized as described for 3-ABT-1 only that the di-bromo-
isoxazoleinteremidatell was coupled to dimethyl-4-aminoisophthalate in nitrobenzene using
AlCI3 to furnish the aniline substituted derivative XTIV in 40 % vield. Intenmediate XTIV
reaction with ABT-5 as above resulted n the 1solation of 11-ABT-S in 45% vield (20.6 my,
0.022 mmol). ES-LOMS: mdéz 924 41 (M+HY
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Svuthesis of ARM-L2 derivative 12-ABT-8

Dertvative 12-ABT-8 was synthesized as described for 3-ABT-1 only that the di-bromo-

isoxazoleinteremidatef! was coupled to methyl 4-amino-3-chlorobenzoate in nitrobenzene
using AICI3 to furnish the aniline substituted derivative XV in 70 % vield. Intermediate XV
reaction with ABT-8 as above resulted in the isolation of 12-ABT-8 in 64 % vield (26.7 my,
0.030 mmol). ES-LCMS: mi/z 90034 (M+H)".

o fi NO-
O—N /"‘ \NJ\V%\O }‘ /"”\N \{\T/

Q;L;é:j,;\z N T L B <o

-~

O HN Dide

T

N
CHa

Synthesis of ARM-U2 derivative 13-ABT-§

Dertvative 13-ABT-S was synthesized as descrbed for 3-ABT-1 only that the di-bromo-
isoxazoleinteramidatet! was coupled to methyl 3-amino-Temethyi-1H-pyrazele-S-carboxylate
in nitrobenzens using AICI to furnish the aniline substituted derivative XV in 84 % vield,
Intermediate XVY reaction with ABT-S as above resulted in the isolation of 13-ABT-8 1 32

% vield (152 mg, 0.0014 mmol). ES-LCMS: m'z 87043 (M+H)".
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Svuthesis of ARM-U2 derivative 14-ABT-§

Derivative 14-ABT-S was synthesized as described for 3-ABT-1 onby that the di-bromo-

isoxazolemtersnudatell was coupled to sulfonilamide in nitrobenzene using AICE o furnigh
the anihine substituted detivative XVH in 76 % vicld, Inmtermediate XV reaction with ABT-
3 as above resulted in the isolation of 14-ABT-3 in 62 % yield (62 myg, 0.070 mmol). ES-

LOMS: m/z 88743 (M+H)'.
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Synthesis of ARM-12 derivative 13-ABT-S

ARM-UZ denivative 15-ABT-5 was synthesized ina similar manner to 7-ABT-8 only that 3-
cyclopropyl-1,2-oxazol-S-amine was used m place of sulfanilic acid to obtam pure
mtermediate XV Intermediate XVII reaction with ABT-S as above resulted in the

isolation of 1S-ABT-S in 7 % vield (2.5 mg, 0.003 mmol}. ES-LCMS: m/z 839 35(M+H),
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Synghesis of ARM-U2 derivative 16-ABT-8
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ARM-U2 derivative 16-ABT-5 was synthesized i a sinilar manner to 7-ABT-5 only that
ethyl 3-aimno-1-methyl-1 H-pyrazole-4-carboxvlate was used in place of sulfanilic acid o
obtain pure intermediste XIX. Intermediate XIX reaction with ABT-S as ahove resulted in
the isolation of 16-ABT-5 in 23 % vield (4.3 mg, 0.005mmel).  ES-LOCMS: m/z 88437
(M+H)'.

{;if'\\ /’NDZ
Intermediate XX

Svuthesis of ARM-U2 derivative 17-ABT-8
ARM-U2Z desivative 16-ABT-8 was g

vathesized in a similar manper to 7-ABT-3 only that

methyl 2-amine-S-methyvoxybenzoate was used i place of sulfantlic acid to obtain pure

mtermediate XX, Intermhediate XX reaction with ART-S as above resultad in the isolation of

17-ABY-8 in 533 % vield (10 myg, 0.011 pamol).  ES-LOMS: avz 896,54 (M+HY".
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Synthesis of ARM-U2 derivative 18-ABT-S

ARM-UZ derivative 18-ABT-8 was synthesized in g similar manner to 7-ABT-3 only that 2-
amineo-S-chlorebenzaic acid was used in place of sulfanilic acid to obtain pure intenmediate
XX1 Intermediate XXI reaction with ABT-3 as above resulted i the isolation of 18-ABT-8
in 44 % vield {16 myg, 0.018 mumol).  ES-LCMS: m/z 386,41 (M+HY.
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Syuthesis of ARM-U2 derivative 18-ABT-5

ARM-UZ devivative 19-ABT-5 was syvithesized in a sinular mannper to 7-ABT-5 only that 2-
amino-1 A-benzenedisulionic acid was used i place of sultanilic acid to obtain pure
intermediate XX Intermediate NXTY reaction with ABT-8 as above resulted i the
isolation of T-ABT-S in 90 % vield (158 mg, 0,016 muwol),  ES-LOMS: m/iz 96847
(M+HY
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Biolagical Testing

Biology reagents: A172 buman glioblastoma cells are purchased from ATCC (#CRL-
20}, grown m T-Hasks with Dulbecco’s madified Eagle’s medivm supplemented with 10%
HI-FBS, and detached by the EDTA detachment procedure. U937 Cells are purchased from
ATCC BCRL-1593.2), grown m Petri dishes as a suspension with RPMI-1640 medium
supplemented with 10% HI-FBS and 1% penicilhin- streptomyein. All cell colturing 1s done
wsing colored ADCP Media RPMI Medium 1640, liquid Invitrogen ¥11875-093
supplemented with 10% HI-FBS and 1% penicillin-streptomyein. Anti-dinitrophenyl-KLH
Rablut IgG Fraction with and without biotin were purchased from Invitrogen #A6430 (Lot
SO7872) as a solution and stored at 4°C. Human oPAR Antibody: Polyclonal goat IgG R&D
Systems #AFR07 was purchased as a Iyophilized solid and was stored at -20 "C, as a solution
in 250 gl of sterile DPBS. Human urokinase, 1solated from human urine was purchased from
PROSPEC as a lvophilized white solid and reconstituted at & concentration of | mgimL
{approx. 18.5 uM) in milliQ water and stored at -20°C. Recombinant buman wPAR with
carrigr protein was obtained as a white lyophilized solid from R&D systems and dissolved in

DPBS at a concentration of 100 ug/mi. {approx. 2 uM} and stored at -20°C.

Competitive ELISA wPAR Biading Assays.

The affinity of derivatives are assayed using 8 competitive ELISA binding assay. The
assay involves the immobitization of urokinase, a natural high affinity higand for oPAR
followed by the addition of a fixed concentration of recombinant uPAR protein and
incregsing concentrations of test compounds which competes with urokinase for binding to
the uPA binding site of uPAR. Following several washing steps, the amount of uP'AR bound
is guantified by a biotinvlated anti-uPAR antibody and avidin-HRP and can be fit to a
competitive binding model allowing for determination of the uPAR/test compound Ky

Antibody Recruiting Cellular Assays

The derivatives of the present invention are expected to recruit anti-IINP antibodies to
the surface of A-172 and B-16 cancer cells over-expressing uPAR. These assays involve the
mcubation of dertvatives wath target cancer cells followed by the addition of biotinylated
anti-DNP anttbodies and streptavidin-AlexaFluor conjugates. After several washing steps,
the amount of compound bound simultaneously to both the cell surface and anti-DNP
antibodies was detected using flow cviometry by observing shifts in FL-2 and FL-3

Huorescence. These experiments can also be conducted on both B16+uPAR cell lines and
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Bl6-uPAR cell ines in addition to studies on A172 cells in the presence and absence of
exogencusty added competitor yPAR to assess sclective binding to the cell surface via cell
surface uPAR.

Fluorescence and ELISA binding studies

Selected derivatives were assayed for their ability to bind recombinant pPAR using a
fluorescence quenching assay. The compounds stored at -20°C as DMSQ stocks were diluted
into PBS aliguots at a fixed 3 oM concentration. Tucreasing concentrations of recombipant
uPAR were mixed with each compound containing aliquot and the fluorescence of the
solution measured following 1 b equilibration times. Increasing concentrations of uPAR
resulted in saturatable quenching of intrinsic fluorescence generating a binding 1sotherw to
extract the equilibrium dissociation constant for binding to «PAR. To contirm that the
observation of yuPAR dependent fluorescence guenching was indesd due to specific hinding
to uPAR and to validate binding to uPAR specifically via the uPA bimdmg site, a divect
binding ELISA assay was developed. In this assay, clear 96-well high-binding plates from
CoStar, were loaded with 100 pl/well of S0nM recombinant tPAR 807-UK-100-CF from
R&D systems prepared from a 100 gg/ml (approx. 2.1 uM) stock of uPAR in PBS and left
overnight at room temperature to equilibrate. Following equilibration, the plate was washed
with wash buffer Ix (400 pwiiwell o 0.05% Tween/PBS), blotted dry and blocked for thr
with 300 ul./well of 2% BSA/PBS. Following blocking, the plate was washed with 400ul of
the wash buffer and blotted dry. Dilutions of each derivative from 100x stocks in DMSO
were made into 100 gliwell of 1% BSA/PBES and left to equilibrate with immobilized uPAR
for 2 h at RT. Following the binding step, the plate was washed 1x 200 yl and 1x 400 pl of
wash buffer and blotied dry. A solution of anti-DNP rabbit 1gG KLH biotinylated aniibody
was prepared i P BSA/PBS from a 10,000x commercially available stock of 2 mg/ml in
500 gd (Lafe Technologies) and added in a volume of 100 pliwell, left to equilibrate for 1 hat
RT. To assess selectivity of binding of test compounds to the uPA binding site of aPAR, 100
uM competitor uPA-ATE (Innovative Research), the amino terminal fragment of oPA which
retaing the complete binding capability of yrokinase for uPAR, was added during the
biotinylated anti-DNP antibody incobation step. Following mcubation with the antibody, the
plate was washed Ix 200 pl 1 x 400 pl of wash buffer and blotted dry. A solution of avidin-
HRP was prepared by diluting 20 ul of stock solution {e-bioscience) into 10 ml of 1%
BSA/PBS solution and 100 pl added to each well and incubated for 20 mm at RT. Following

3x400ul washes and blotting, 100 ul of HRP substrate solution {TMB-substrate, Thermo) was
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added and the wells allowed o develop wntd a clear difference between negative control (no
uPAR loaded) and wells contaiming test compounds could be observed by differences i the
emergence of blue color at which time the development was halted by the addition of 50 ul
4N sulfuric acid. The absorbance at 450 nm was measured using an in-house Perkin-Elmer
fluorescence plate reader.

All derivatives were assessed for their ability to bind selectively to recombinant uPAR
in vitro using a competitive ELISA binding assay. DMSO stock solations of each denivative
stored at -20°C were titrated inte wells pre-coated with human wokinase (isolated from
human urine, ProSpec 1 mg/mL detomzed water 18.5 pM } i the presence of uPAR.
Selective binding to uPAR by compounds at the uP A binding site competes with uPAR-uPA
binding which is required for a positive UV 450 nm absorbance signal. Increasing
concentrations of test compound displace increasing amounts of uPAR from uPA which is
detected by anti-uPAR/biotin labeled antibodies followed by avidin-HRP,

Antibody Recruiting Assays

A172 ghoblastoma cells (ATCC, CRL-1620) were sospended in Assay Media
{phenol-free RPMI 1640 medinm plus 10% ulta-low 1gG FBS). 10° cells taken up in 50 ub.
media or media containing exogenous uPAR were mined with a fixed concentration of the
mdicated compound from 100x DMSO stocks, After a 1 hour mcubation on ice, cells were
washed with 1.5 ml of cold Assay Mediz, pelieted for 2 min at 200 ref, aspirated, and
resuspended in 100 L of fresh assay media with 133 nM of anti-DNP-biotin-xx conjugate
antibody (Invitrogen). After 1S min more on ice, cells were washed 2x with 1.5 mL of cold
Assay Media before flow cytometric analysis. Propidium iodide was added from a 1000x
stock as a cell viability stain (FL-3 positive) and antibody recroiting to the cell surface was
gvaluated by measuring increasing cell counts in the FL-4 chanael negative for FL-3 (lower
right quadrant of representative dot plots). The evalpation of selective binding to uPAR was
carried out by performing the antibody recruiting assay described above identically, save that
B16-F10 melanoma cells, cither stably transfected with human oPAR or the empty vector

peDNAZT (1sogenic negative control), were used i place of A172 cells.

Compound Tesiing
An ELISA assay substantially as described above was used 1o test certain of the

compounds of the present invention for biological chavacteristics. Inaddition, the compound
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6-ART-1 as deseribed in WOR017/023994 yas tested asa control, Results from the

biological testing are shown in Table A, below.

Table A
Compound ICSOudl) Ki Ratio of 1€ 54
{Compound} / JCS0
6-A8T-1
ARM-UZ derivative 6-ABT-S 0.53436 11 0.7
ARM-UZ derivative 6-ABT-6 1.356 278 1.6
ARM-U2 derivative 7-ABT-S 2.36 48 41 118
ARM-U2 derivative 8-ABT-5 .54 10.95 (.28
ARM-UZ derivative 9-ABT-3 0,485 9.84 0.255
ARM-UZ dentvative 10-ABT-S | »>100 »2000 714
ARM-U2 denvative 11-ABT-5 | >100 =2000 »36
ARM-UZ derivative 12-ABT-5 | >100 2000 e
ARM-UZ derivative 13-ABT-5 | >100 #2000 714
ARM-UZ derivative 14-ABT-3 | >100 =2000 714
ARM-UZ derivative 13-ABT-5 | 18 371.0 1285
ARM-U2 derivative 16-ABT-5 | 55322 11386 39.41
ARM-1U2 derivative 17-ABT-3 | »100 =2000 >3%
ARM-U2 derivative 18-ABT-3 | 3.088 63.5 .98
ARM-UZ derivative 19-ABT-3 | 2.566 327 .81

Throughout this application, various publications are referenced by author name and

date, or by patent number or patent publication number. The disclosures of these publications

are hereby incorporated in their entireties by reference into this application m order to more

fully describe the state of the a3t as known to those skilled therein as of the date of the

mvention described and claimed hereinn. However, the oitation of a veference herein should

not be construed as an acknowledgement that soach reference s prior art 1o the present

Wveniion.

Those skilled in the art will recognize, or be able to ascertain using no more than

routine experunentation, numerous equivalenis to the specific procedures described herem,

Such squivalents are considered to be within the scope of this invention and are covered by
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the following claims, Fusthermore, it is intended that specific ems within bsts of ttems, or
subset groups of ttems within larger groups of ttems, can be combined with other specific
items, subset groups of items or larger groups of items whether or not there is a specific

disclosure herein identifving such a combination.
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ANTIBODY-RECRUITING MOLECULES FOR THE TREATMENY OF CANCER

Related Applications and Grant Support

This application claims the benefit of priority of United States provisional application
nwanber 62/370.278 filed August 3, 2016 entitled "Anttbody-Recruiting Agent for the
Treatment of Cancer™, the entire contents of said application being incorporated by reference
herein,

This invention was made with government sapport ander 1DP20OD002913-01
awarded by the National Institute of Health. The government has certain rights in the

invention.

Field of the Invention

The present mvention relates to chimeric (inchuding bifunctional) compounds,
compositions comprising those compounds and methods of treating cancer in a patient or
subject, especially including metastatic cancer and other cancers where cancer cells exhibit
overexpression {heightened expression} of cell surface wokinase-type plasminogen activator
receptor {nrokinase receptor) compared to normal {(non-cancerous) cells. The compounds
bind to the wokinase-type plasminogen activator receptor (uPAR) on the swrface of a cancer
cell, including a metastatic cancer cell, and consequently recruit native antibodies of the
patient or subject where the antibodies can selectively remove, destroy, clear andfor
deactivate targeted cancer cells through antibody-dependent cellular phagocvtosis (ADCP),
antibody-dependent cellutar cytotoxicity {ADCC), complement dependent cytotoxicity
{CDC) and/or other immune effector mechanisms against & large number and variety of
cancers, thus providing cancer cell death and an inhibition of growth, elaboration and/or

metastasis of the cancer, including remission and cure of the patient’s cancer.

Imtroduction/Backgreund of the Invention

Cancer is currently the second leading cause of death in the United States. Metastatic
cancers are especiatly difficult to treat and are associated with tugher levels of mortality
compared o bemign tumors. American men and women have a 38-44% chance of developing

mvasive cancers over the course of their ifetimes. Tumor meiastasis involves cancer cell



WO 2018/026997 PCT/US2017/045236

myvasion of surrounding tissues, often accelerated by cell sarface proteases. One such
protease known as the wrokinase-type plasminogen activator (uPA)Y is capable of breaking
down extracellular matrix proteins and activating migration-inducing signal cascades through
binding to the wrokinase-type plasminogen activator receptor (nPAR).

A large body of evidence saggests that uPA and uPAR expression are substantially
higher on invasive malignant cancer cells than on healthy cells or benign tumors. In clinical
settings, high levels of uPAR are used as diagnostic measures for metastatic potential and
poor chinical outcome in several malignancies. Novel strategies to combat cancer are highly
desirable due to the limitations of the more waditional treatment options, including radiation
therapy and chemotherapy. These treatment methods are not ondy associated with significant
side effects but are also limited with respect to their effectiveness in the treatment of late
stage cancers.

The ability to target cancer cells selectively is thus of great importance, with the
potential to significantly reduce toxicity and off-target effects, thereby reducing side effects
experienced by the patient. New approaches to treat cancer that combine the advantages of
traditional small molecules and biologics could address many of the limitations associated
with currently available therapies.

Anthroquinone-based small molecules have been identified previously as potential
anti-cancer agents and have begn shown to bind to uPAR in vifre with affinity capable of
blocking cancer cell invasion, migration, and adhesion, Previously, the development of an
antineoplastic antibody-recruiting agent equipped with the urokinase protein as a yPAR
target-binding domain has been reported (A4S Chemr. Fiol. 2012, 7, 316). The molecules
disclosed here are expected to target uPAR-over-expressing A172 glioblastoma cells and

facilitate antibody-dependent cellular phagocytosis (ADCP),

Brief Description of the Invention

The present invention is directed to compounds according to the general formula:

TBT--LINKER--ABT

Where TBT is a motety which binds to an active site of urokinase-type plasminogen activator

recepior (uPARY on the surface of cancer cells of a patient or subject;
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ABT 15 an antibody binding motety comprising a hapten which is capable of binding to an
antibody in said paticnt or subject;
or a pharmacentically acceptable salt, stereoisomner, enantiomer, solvate or polymorph

thereof.

In one embodiment of the invention, the TBT is selected from a moiety according to

the general formualae:

r\%ﬁ
PN ,L /L N‘Nu R..ABT

Wherein X = H, F, Cl, Br, CF:, MeSO;, CH;0, CF:Q N{RY);, where eack RY is
independently H or a C,-C; alkyl group;

Ry, Ry, Rs, Ry and R are each independently H, & halogen (F, Cl, Br, 1, preferably F), a G-
Cz alkyl group optionally substituted with one or two hydroxyl groups or up to three fluoro
groups, NO;. ON, a (CHy)w OR™ (O-alkyD) group, a (CH2)w COR® (keto) group, a

(CH)Ww COOR® {carboxy ester) proup, 3 {CH2 ) SO:H gronp, a

(CH) e OCOR™ {oxycarbonyl ester) group,



WO 2018/026997 PCT/US2017/045236

Rq

HO
-~ \COERE

group or
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a group;

Each R’ is independently H or a C,~C; alkyl group {preferably H or CH;, most often HY

R, 15 a sidecham derived from a natural or unnatural amine acid {D- or L-, preferably a L-
amino acid} preferably selected from the group consisting of alanine (methyl), argmne
{propylenapnanidine), asparagine (methylenecarboxyvamide), aspartic acid (ethanoic
acid)y, cvsteine (tuol, reduced or oxidized di-thiol), glutanmine {ethvlcarboxyvamide),
glutamic acid {propancic acikd), histidine {methvieneinmidazole), isoleucine (I-
methylpropane),  leucine  (2-methvlpropane), Iysine  (butylencamine), methionne
{ethylmethylthioether), phenvlalanine {benzyl), proline (R forms a oyelic ring with R,
and the adiacent nitrogen prowp to form a pyrrolidine group), hydroxyproling, serine
{methanol}, threomine {ethanol, L-hydroxyethane), tryptophan (methyleneindole), tyrosine
{methylene phenol) or valine (sopropyl)

Fach RY is H or a C;-Cs alkyl group optionally substituted with one or two hydroxy! groups
or up to three chioro or fluoro groups (preferably R¥ is H or a C;-Cs alkyl group);

Ry, Ry, Ry Ry and Rs are each independently H, a halogen (F, Cl, Br, [, preferably F), a
C1-Cy (preferably Ci-Cy) alkyl group optionally substituted with one or two hydroxyl
groups of up 1o three chloro or fluoro groups, NOz, ON, a (CH; ) ORF (O-alkyl) group, a
{CH2)e COOR® (carboxy ester) group, a (CHz ), O-COR" {oxyearbonyt ester) gronp or a

{CH2)w CORT (keto) gronp;
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Ry s Hor SO:H, By wH, CO:H, SOsH, NHCH-CO:H, ~NHCH-S80:H, ~C{ORNHCH -
COzH or ~COWNHCH;-50:H, R s H, CO:H, or SO:H, Ry is H, CO:H, or SO:H, and
Ry is H, COH, or SO H, or a pharmaceutically acceptable salt or solvate thereof.

Each mt’ is independentlv 0, 1, 2, 3, 4, 5, or © {preferably 0, 1, 2 or 3, more preferably 0 or 1),

Each v i3 independently 0, T or 2 (preferably Oor 1;

RMMT i a LIN-ABT group,

n = -4,

m = 0-3, preferably 3-5, and

Rg = H, C1-C4 lower alkyl.

{1 one embodiment of the invention, the ABT is an anttbody bonding moiety comprising
a hapten which is capable of binding to an antibody in said patient or subject, or a

pharmaceutically scceptable salt, sterecisomer, enantiomer, solvate or polymorph thereof.

In one embodiment of the invention, compounds of the present invention include those

compourids where TBY-LIN-ABT are as follows:



PCT/US2017/045236

WO 2018/026997
6
TB o L K, Y ABT
TET o Al L N2 i
Nz O aar
¥ X, Z=CHayor O
Z=2CHyor O ¥ = 1B
¥ =18 A= 1B
R ) Ry Ry R
O d 2 4
SN SIS GBI WA
“N -~ - -~ - PR N PR3 L SN
‘%1 lti W "?z N .?’{ J;S’b %z . f;«b\\ \/ﬂ
R'i Q RA; Q 3 o -
R1i, B2 same or different from M, C1-3 lower atkyl, hydroxyalkyl and aminoalkyl
= N - vy N O
NV QP o Mo SRy,
: Lo i { N Hi— | ' oo M Dingom s NN
rNH S i NH popNe S HNE N ;
a Ny O 7 o~ O ; N O SRS S s T
oM M SNV Vg VS SN Vil VW S N T
PNH Sy N HE S B HI S H HE s jH
B O N, O ‘ > N ‘ )
4 \N...“.E.l \j,é:_N”% -‘t"\N % F’lmhé? Nf"’g "“\-N’.‘”\‘\\ P ; :N\
3 il N H Y e T\m: ! y fé X I S
HE SN H HE 'S BH NN R
G 8 8
WY /. Q8. 0
. }\”\"{ 'ﬁ'{{ : : ‘\N__“ e “{:*’ég‘*N,‘ "%
e 1 I A HN""": N2 \'«:{,-J %N
© ¥Y=CHN 2 >
’ ¥ =CH N
Q\ME S —ABT
_ Me, /“"5\1 - ABT
Me ~ABT TBT \/\«E " T(\
TBT. A ,f\}}:;\g K }/\\MQBT £ VM ABT
Z=CHorQ O”’ —ART
Z=CHor 0 K= O,NRE, Y= 1-6 K K. =0 or NR
Y= {8 A= 9-3: RS =H C1-33 A‘: 6“3 R3 = b 3C1"C3

in one emwbodivent of the ivention, compounds of the present invention include those

compounds wherein LIN-ABT is

Ny

> grouy,
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Where Xy is N(R'), O, §, S{0), 501, ${0):0, -O8{0}, 0r OS(Q)20 {preferably N(R') or O,
more preferably N({ R”}; and

NE: - proup.

R is H, a C-Cs alkyl group or a -C{ONC-Ca) group, preferably H;
eachnand n’ 1s independently 1 1025, 10 15, 10 12, 210 11,210 10,210 8, 2106, 2 10 5,
ZwdandZto3or1,2,3,4,5,6,7 or B and

each n” is independently O to 8, often Lo 7, or 1, 2, 3, 4, 5 or 6 {preferably 3).

In one embodiment of the invention, compounds of the present invention include

those compounds where LIN is a linker group according to the chemical structure:

s AR
5 {\/\/0 N

Where eachn and n’ s indepemiemiy P25 1015, 1w i2. 210 18 2% 10,2108, 206,

2t05 2todand2t03ort, 2,3, 4.5, 6,7 or B and

each n™ is independently 010 8, often T to 7, 0 1, 2, 3, 4, 5 or 6 {preforably 3}
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In one embodiment of the nvention, compounds of the present invention include

those compounds wherein LIN is a group according to the chemical structure:

X

or

3

Q {) i

Ae's

Where eachin and n” g independently 1025, 1o 15, 110 12,210 11,210 10,2 0 8, 2 0 §,
2ws wdand2w03orl, 2, 3.4, 5,6, 7T or 8 and

each n” is independently 0to 8, often T to 7, or 1, 2, 3, 4, 5 or 6 {preferably 3}

Where nis about 1 to 100, about 1 to 75, about 1 o 60, about 1 1o 50, gbout 1 w0 45, about 1
to 35, about 1 to 25, about 1 to 20, abowt 1 to 15, 2 10 10, about 4 to 12, about 3 to 10, about 4
to 6, abowt 110 8, about 1 to 6, abowt 1 to 5, abouwt 1 to 4, about 1 to 3, etc., o1 &

a linker according to the chemical swructure:

!
VI A

Where R, and R, are each independently H, C-Cy alkyl, alkanol, arvl or benzyl
or form g cyclic ring with R {proline) and 7, R” and R" are each independently a side

chain derived from an amine acid preferably selected from the group consisting of alanine
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{methyl), argintoe (propyvlencguanidine), asparagine {methylenecarboxyanide), aspartic acid
{cthanoie acid}, cvsteine {thiol, reduced or oxidized di-thiol), glutamine {ethvicatboxyamide),
glutamic acid {propanocic acid), glycine {H), histidine {methyleneimidazole), isolencine (1~
methylpropane), leucine (2-methylpropane}, lysine {butylencamine), methionine
{ethylmethylihioethier), phenylalanine {benzyl), proline (R forms a cyclic ring with R, and
the adjacent nitrogen group to form a pyrrolidine group), hydroxyproline, sering (imethanol},
threonine (ethanol, I-hvdroxyethane), trvptophan {methyleneindole). tyrosine {methviene
phenol} or valine (isopropyl); and my and m’° {within the context of this use} is cach
independently an integer from 1o 100, 10 75, 11060, 1 1055, 110530, 1 1045, 1 10 40, 2 1o

A3 lwiS el o e 12, 3,408,

n one emsbodiment of the invention, compounds of the present mvention include

those compounds wherein LIN is a gronp sccording to the chemical formula:
%’ 2 szu‘?s

Where Z and 27 are each independently a bond, {CH; -0, -{CH -8, {CH 1-N-R |

R - R: wév O
S{CH, T s - B{CH. T, R? ' ”__ _—

Wherein said -(CHq ) group, if present in Z or 27, is bonded fo a connector (CT), an
alternative linker, AgM andior UPARM;

Each R is H, or a C-C; allevt or alkanol group;

Each R? is independently H or a C,-C; alkyt gronp;

Each Y 18 independently a bond, O, S or N-R;

Each 1 is independently 0 to 100, 010 75, 1 10 68, 1 10 55, 110 50, 1 1045, 1 10 40, 210 35, 3
30, 1tol5,1told, 108, 1to6, 0, 1,2, 3, 4arl;

Dis

L

|

e
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a bond, with the proviso that Z, Z° and D are not each simuhaneously bonds;

jis 1o 100, 11075, 10 60, 1 10 55, 110 50, 1 to 45, 1 t0 40, 210 35, 310 30, 1 to0 15, I to
0 1ws 1w, 1,23, 400 5

misito 0, 110758, 1ol 11055, 11050, o485, 1 to40, 21035, 310 30, 110 15, 1 {0
10,108, 1106, 1,2,3, 41 5;

nislwo 00 1075 160, o35 TS0 Hiod5, 1o, 21038, 31030, 015, T o
10, 1to 8, 1t 6, 1, 2,3, 4 or 5 {n i3 preferably 2};

X'is O, S or N-R; and

R is as described above,

or a pharmaceutical salt thereof.

In one embodiment of the invention, compounds of the present invention include

those compounds wherein said ABT group is a group according to the chemical strocture:

O
H
":‘I\. N .f‘li\\i//{“\ Sﬁ. DNP "'Js\ N,JL\{/\\//\V, N “ DNP
H RQHone Ho Sone

or a group according to the chemical structures

Oal I o NGq
s \.xf'
Y

Where Y’ is H or NG, (preferably H);
Xis Q, CHy, NR', S(0), S{O)2, -S(000, -0S(0)2, or OR{0),0; and
R' s H, a C-Ca alkyl group, or a -C{ONC-C1) group.
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In one embodiment of the nvention, compounds of the present invention melude
those compounds wherein said AgM group is @ proup represented by the chemical formula:

HOCH,
o}
HOCH, HOm( ,,....x B b

HG»—{PO\»HJ_A‘ O

-

M DH

Where X' is CH+, O, N-RY o S, preferably O

R' is H or C-Cs alkyl; and

Z is a bond, a monosaccharide, disaccharide, oligosaccharide, more preferably a sugar group
selected from the monosacchandes, mchuding aldoses and ketoses, and disaccharides,
including those disaccharides described herein. Monosaccharide aldoses include
monosaccharides such as aldotriose {(D-glveeraldehdys, among others), aldotetroses (-
ervthrose and D-Threose, among others), aldopentoses, (D-ribose, D-arabinose, D-xviose, D-
lvxose, among others), aklohexoses {D-allose, D-altrose, D-Glucose, D-Mannose, D-gulose,
D-idose, D-galactose and D-Talose, among others), and the monosaccharide ketoses include
monosaccharnides such as ketotriose {dibvdroxyacetone, among others), ketotetrose (D-
ervthrulose, among others), ketopentose (D-ribulose and D-xylulose, among others),
ketohexoses (D-Psicone, D-Fructose, D-Borbose, D-Tagatose, among others), aminosugars,
including galactoseanine | stalic acid, N-acetyvlglucosaming, among others and sulfosugars,
including sulfoguinovose, among others. Exemplary disaccharides which find use in the
present invention include sucrose {which may have the glucose optionally N-acetylated),
actose (which may have the galactose and/or the glucose optionally N-geetylated), maltose
{which may have one or both of the glucose residues optionally N-acetviated), trehalose
{which may have one or both of the glucose residues optionally N-acetvlated), cellobiose
{which may bave one or both of the glucose residues optionally N-acetyvlated), kojibiose
{which may have one or both of the glucose residues optionally N-acetylated), nigerose
{which may have one or both of the glucose residaes optionally N-acetviated), isomaliose
{which may bave one or both of the glucose residues optionally N-acetvlated), B.0-trehalose

{which mav have one or both of the glucose residues optionally

N-acetviated), sophorose
{which may have one or both of the glucose residues optionally N-acetvlated), laminaribiose
{which may have one or both of the glocose residues optionally N-scetviated), gentiobiose

{which may have one or both of the glucose residues optionally N-acetyiated), turanose
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{which may bave the glucose residue optionally N-acetvlated), maltvlose {whoch may bave
the ghucose residue optionally N-acetviated), palatinose (which may have the glucose residuc
optionally N-acetylated), gentiobiluose {(which may have the glucose residue optionally N-
acetylated), mannobiose, melibiose (which may have the glucose residue and/or the galactose
residue optionally Ne-acetylated), melibiulose (which may have the galactose restdue
eptionallyv N-acetylated), rutinose, (which may have the glucose residue optionally N-

acetviated), rutinalose and xvlobiose, among others,

In one embodiment of the mvention, compounds of the present invention include those

compownds wherein satid ABT group is a group according to the chemieal structure;

M@,’ Me
[ ERN
I " . o
HQ K™ y .\a“' - Q\,ﬁ}
.L}- i HO ~ (; Xe-§ % Py NMesCl
Hé OH H(j E}H
a-L-Rhamnose f-b-Rhamnose Phosphory Chaoline
O
H
Q cﬁ?‘/‘ ‘\JJL‘N’:%‘
U [ H
e W»"' N,,N.\[/CDZH
O Ri
Menadions Carboxyethyl Lysine (R! = Me)

Where Xg 150, S or NR'; and
X is O, NR or 8, and

R' is H or a C-C; alky! group.

In one embodiment of the invention, compounds of the present invention include

those componnds containing more thay one rhampose group.

I one embodinment of the invention, cotapounds of the present myvention include

those compounds wherein said ABT is a group according to the chenuical structure;
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o ‘
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H

Where X7 15 Q, CHz, NR', 8: and

RYis H, a C-Cy atkyl group or a OO Cs) grouy; o

O
N nos
™~ X&)I\\v]/
Where X® is a bond, O, CH, or NR'or 8; and
R is the same as above; or

a group according to the chemical strocture:

o G ‘
r %]
éﬂ\ N /u‘\fw“”\ S»— RNDZ 'Jss‘\ NJJ\\:,/‘\\_,/\\ e M ~ HNQQ
RHRNG2 Ho oz

Where R i« g dinttrophenyl group optionally Hnked through CHa, SO}, S{0);, -S(010, ~
OS{OY;, oy OS(0L0;

a dinttrophenyl group according 1o the chemical structure:

s,

SNO;

I

X

\ 7

Yl

Where Y7 1s H or NO3 {preferably H),
Xis O, CH., NR), 8(0), S{0 )2, -5{0 10, 050, or O5{01:0; and
RUGSH, a GOy alkyl group, or a ~C{OXC-C3) group;

In one embodiment of the invention, compounds of the present mavention include

those compounds where ABT 1s a dinttrophenyl group or a rhamnose group.
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In one embodiment of the nvention, compounds of the present invention melude

those compounds where LIN includes the following

0 o 0 O
I N
‘5\{’ % A “%” ;i
CH no"

or a O group,

Where X7 is CHy, O, 8, NR (0}, S(0)a, -S(0):0, -OS(0),, or ONO)0;
X' is O, 8, NRY,
R*is H, a Ci-Cs atkyl or alkanal group, or a -C{ONC-Ca) group; and

n” is independently O to 8, often 1 to 7, or 1, 2, 3, 4, 5 or 6 (preferably 3).

In accordance with the present invention there 1s also provided a method of reating

cancer comprising admiristering 1o a cancer patient compounds of the presemnt invention.

{n accordance with the present invention there is also provided a method of reducing
the likelithood that a cancer in a patient will metastasize comprising adninistering 1o a cancer

patient compounds of the present invention.

The present invention alse includes the use of compounds of the present mvention in

the manufacture of a medicament for the treatment of cancer.

By virtue of the present mmvention, it may be possible to provide improved therapies

for the weatment of cancer. uPAR s over-expressed on many cancer cell types which enables
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its potential application as a thetapeutic targeting a wide range of cancer cell types.
Compoands of the present invention employ a dual mode of action gs an anticancer
therapentic by disrapting the native uPA oPAR interaction as an antagonist and by targeting
metastatic cancer cells for destruction by the host immune system as an antibody recruiting
molecule and shows that emploving small molecnles to redivect the evtotoxic functions of
antibodies selectively against cancer cells, might reduce the toxicity associated with other

cancer fighting strategies.

Detailed Description of the Invention

In accordance with the present itnvention there may be emploved conventional
chemical synthetic and pharmaceutical formulation methods, as well as pharmacology,
molecular biology, microbiology, and recombinant DNA techunigues within the skill of the
art. Such techniques are well-known and are otherwise explained fully in the literature.

Where a range of values 1s provided, it is understood that each miervening value, o
the tenth of the unit of the lower limit unless the context clearly dictates otherwise (such as m
the case of a group contaning a aumber of carbon atoms), between the upper and lower limut
of that range and any other stated or intervening value in that stated range is encompassed
within the invention. The upper and lower limits of these smaller ranges mayv independently
be included 1n the smaller ranges 15 also encompassed within the mvention, subject to any
specifically excluded lmit in the stated range. Where the stated range includes one or both of
the Hmits, ranges excluding either both of those included himits are also included in the
nvention.

Unless defined otherwise, all technical and scientifiv terms used horem have the same
meaning as conunonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the
preferred methods and materials are now described.

Tt is to be noted that as used heretn and in the appended claims, the singular forms "
"and" and "the" include plural references unless the context clearly dictates otherwise.

Furthermore, the following terms shall have the definitions set out below. Itis
understood that in the event a specific term is not defined hereinbelow, that term shall have a

meaning within s typical use within context by those of ordinary skill in the art.
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The term “componnd”, as ased hevein, unless otherwise mndicated, refers to any
specific chemical compound disclosed herein and includes tantomers, regioisomers,
geomettic 1somers, stereoisomers and where applicable, optical isomers (enantiomers)
thereof, as well as pharmaceutically acceptable salts and derivatives (including prodrug
forms) thereof. Within its use in context, the term compound generally refers to a single
compound, but alse may include other compounds such as sterecisomers, regipisomers
and/or optical isomers (including racemic mixtures) as well as specific enantiomers or
enantiomerically enniched mixtures of disclosed compounds. The term also refers, within
context, to prodrug forms of compounds which have been modified to facilitate the
administration and delivery of compounds to a site of activity. 1t is noted that in describing
the present compounds, nwmnerous substitnents, nkers and connector molecules and
variables associated with same, among others, are described. The use of a bond presented as

----- sipnifies that a single bond is present or absent, depending on the context of the

chemistry described. The use of a bond presented as -———-- signifies that a smgle bond or a
double bond is intended depending on the context of the chemistry described. Jtis
understood by those of ordinary skill that molecules which are described herein ave stable
compounds as generally described hereunder.

The term “patient” or “subject” 1s used throughout the specification within context to
describe an animal, generally a mammal and preferably a human, o whom treatment,
mcluding prophylactic treatment {prophylaxis, including especially as that term 15 used with
respect 1o reducing the likelihood of metastasis of an existing cancer}, with the compositions
according o the present invention is provided. For treatment of those infections, conditions
ot disease states which are specific for a specific animal such as a human patient or a patient
of a particular gender, such as g human male or female patient, the term patienmt refers to that
specific animal. Compounds according to the present invention are useful for the treatment
of cancer, including especially for use in reducing the likelihood of metastasis of a cancer.

The term “effective” i1s used herein, unless otherwise indicated, to describe an
amount of a compound or composition which, in context, Is used to produce or effect an
ntended resolt, whether that result relates 1o the inhibition of the effects of a disease state
{2.g. cancer) on a subject or the treatment or prophylaxis of a subject for secondary
conditions, disease states or manifestations of disease states as otherwise described herein,
This term subsumes all other effective amount or effective concentration terms (including
the term “therapeutically effective™) which are otherwise described in the present

application.
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The terms “treat”, “ireating”, and “treatment”, etc., as used herein, refor to any action
providing a benefit to g paticut ab risk for cancer or metastasis of cancer, including
improvement in the condition through lessening or suppression of at least one symptom,
inhibition of cancer growth, reduction in cancer cells or tissue, prevention, reduction in the
likelihood or delay in progression of cancer or metastasis of the cancer, prevention or delay in
the onset of disease states or conditions which occur secondary o cancer OF TRIMMSSION OF cure
of the cancer, among others. Treatment, as nsed herem, encompasses both prophylactic and
therapeutic treatment. The texm “prophylactic™ when used, means to reduce the likelihood of
an occurrence or the severity of an occurrence within the context of the tremtment of cancer,
inchuding cancer metastasis ag otherwise described hereinabove,

The term "neoplasta” or “cancer” is used throughout the spectfication to refer to the
pathological process that results in the formation and growth of a cancerous or maklignamt
neoplasm, i.e., abnormal tissue that grows by cellular proliferation, often more rapidly than
normal and continues to grow after the stimuli that initiated the new growth cease. Malignant
neoplasms show partial or complete lack of structural organization and functional
coordination with the normal tissue and most invade surrounding tissues, metastasize to
several sites, and are likely to recur after attempted removal and to cause the death of the
patient unless adequately treated. As used herein, the term neoplasia is used to describe all
cancerons disease states and embraces or encompasses the pathologieal process associated
with malignant heratogenous, ascitic and solid tumors,

Neoplasms include, without Hnvitation, morphological tregulanities in cells i tissue
of a subject or host, as well as pathologic proliferation of cells in tissue of a subject, as
compared with normal proliferation in the same type of tissue. Additionally, neoplasms
include benign tumors and malignant tumors (2.g., colon tumors) that are erther mvasive or
noninvasive. Malignant neoplasms {cancer) are distinguished from benign neoplasins in that
the former show a greater degree of anaplasia, or loss of differentiation and orientation of
cells, and have the properties of invasion and metastasis. Examples of neoplasms or
neoplasias from which the target cell of the present invention may be derived inclade,
without Hmitation, carcinomas {e.g., squamous-cell carcinomas, adenocarcinomas,
hepatocellular carcinomas, and renal cell carcinomas), particularly those of the bladder,
bowel, breast, cervix, colon, esophagus, head, kidney, fiver, lung, neck, ovary, pancreas,
prostate, and stomach; leukemias; benign and malignant tymphomas, particularly Burkitt's
lymphoma and Non-Hodgkin's Iymiphoma; benign and malignant melanomas;

myeloproliferative diseases; sarcomas, particalarly Ewing's sarcoma, hemangiosarcoma,



WO 2018/026997 PCT/US2017/045236
18

Kaposi's sarcoma, hposarcoma, myosarcomas, peripheral neurcepithelioma, and synovial
sareoma; tumors of the contral nervous system (¢ g, gliomas, astrocyvtomas,
oligodendrogliomas, ependymomas, gliobastomas, neusroblastomas, ganglioneuromas,
panglioghomas, medulloblastomas, pineal cell tumors, meningiomas, memngeal sarcomas,
nenrofibromas, and Schwannomas), germ-line tumors {e.g., bowel cancer, breast cancer,
prostate cancer, cervical cancer, uterine cancer, lung cancer, ovarian cancer, testicular cancer,
thyroid capcer, astrocyvtoma, esophageal cancer, pancreatic cancer, stomach cancer, liver
cancer, colon cancer, and melanoma); mixed types of neoplasias, particularly carcinosarcoma
and Hodgkin's disease; and twmors of mixed origin, such as Wilms' tumor and
teratocarcinomas { Beers and Berkow {eds.}, The Merck Manual of Diagnesis and Therapy,
17 sup.th ed. {Whitehouse Station, N Merck Research Laboratories, 1999) 973-74, 976,
986, 988, 991). All of these neoplasms may be treated using compounds according to the
present invention.

Representative common cancers to be treated with compounds according to the
present invention include, for example, prostate cancer, metastatic prostate cancer, stomach,
colon, rectal, liver, pancreatic, lung, breast, cervix wteri, corpus uteri, ovary, testis, biadder,
renal, bram/CNS, head and neck, throat, Hodgkin's disease, non-Hodgkin's lymphoma,
multiple myeloma, leukemia, melanoma, non~-melanoma skin cancer, acute lymphoeytic
lenkemia, acute myelogenous leukemia, Ewing’s sarcoma, small cell fung cancer,
chortocarcinoma, rhabdomyosarcoma, Wilms™ tumor, newroblastoma, hairy cell leukemua,
mouth/pharyox, cesophagus, larynx, kidoey cancer and hanphoma, among others, which may
be treated by one or more compounds according to the present invention. Because of the
activity of the present compounds, the present invention has general applicabilily treating
virtually any cancer i any tissue, thus the compounds, compositions and methods of the
present invention are generally applicable to the treatment of cancer and tn reducing the
likelihood of development of cancer andfor the metastasis of an existing cancer,

In certain particular aspects of the present invention, the cancer which is treated 1s
metastatic cancer, a recwrrent cancer or a drug resistant cancer, especially including a drug
resistant cancer. Separately, metastatic cancer may be found in vivtually all fissues of 8
cancer patient n late stages of the disease, typically metastatic cancer is found m bvmph
system/nodes (hymphoma), in bones, in lungs, in bladder tissue, in kidney tissne, Hver tissue
and in virtually any tissue, including brain (brain cancer/tumor). Thus, the present invention
is generally applicable and may be used to treat anv cancer in any tissue, regardless of

eticlogy.
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The term “tumor™ 18 used 1o describe a malignant or benign growth or tumefacent.

The term “antibody binding moiety”, “antibody binding terminus™ or “antibody
binding structure” {ABT) within the general formula of compounds according to the present
invention) is used to described that portion of a bifunctional compound according to the
present invention which comprises at least one small molecule or hapten which can bind to
antibodies within the patient. The term “hapten” is used to describe 3 small-melecular-
weight inorganic or organic molecule that alone is not antigenic but which when linked to
another molecule, such as a carrier protein {albumin, etc.} or i the case of the present
invention, as an antibody terminus in the present compounds, s antigenic; and an antibody
raised against the hapten {generally, the hapten bonded or complexed o the carvier} will react
with the hapten alone. Because, in many instances, anti-hapten (especially anti-DNP)
antibodies are already present in the human blood stream as endogenous antibodies because
they naturally become raised to endopenous haptens (abready present i patients), no pre-
vaccination s necessary for activity, but may optionatly be used to micrease the efficacy of
the compounds disclosed herem.

Pharmaceuntical compositions according to the present invention comprise an effective
amount of at feast one compound as otherwise described heremn, in combination with a
pharmaceutically effective amount of 8 carrier, additive or excipient, optionally, in
combination with one or more of the additional agents, especially anti-cancer agenis,
otherwise described herein, all in effective amoants.

The pharmacentical compesitions of the present invention may be formulated ina
conventional manner using one or more pharmaceutically acceptable carriers and may also be
administered 1 immediate, early release or controlled-release formulations.
Pharmaceatically acceptable carriers that may be used in these pharmaceutical compositions
include, bt are not Himited to, ion exchangers, alumina, aluminum stearate, lecithin, serwm
proteing, such as human seram albumin, buffer substances such as phosphates, glveine, sorbic
acid, potasstam sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water,
salts or electrolvies, such as prolamine sulfate, disodium hydrogen phosphate, potassium
hwdrogen phosphate, sodium chloride, zine salts, collowdal sitica, maguesiur fristhicate,
polyvinyl pyrrolidone, cellulose-based substances, polvethvlene glveol, sodium
carboxymethvicellulose, polvacrvlates, waxes, polyethvlene-polvoxvpropviene-block
polymers, polyethviene glveol and wool fat.

The compositions of the present invention may be admupustered orally, parenterally,

by inhalation spray, topically, rectally, nasally, nceally, vaginally or via an implanted
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reservoir. The teym "parenteral” as used herein includes subcutansous, intravenous,
mtrantuscular, intra-articular, imntra-synovial, intrastomal, mtrathecal, imrahepatic,
intralesional and intracranial injection or infusion techuiques. Preferably, the compositions
are administered orally, intraperitoneally or intravenously,

Sterile ijectable forms of the compositions of this invention may be agueons or
oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension i a non-
toxic paremterallv-acceptable diluent or solvent, for example as a solution in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be enployed are water, Ringer's
solution and isotonie sodium chloride solution, In addition, sterile, fixed oils are
conventionally emploved as a solvent or suspending mediam. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oteic acid and s glyceride derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or castor il especially in their
polyoxvethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as Ph. Helv or sumilar alcohol.

The pharmaceutical composttions of this invention may be orally administered in any
orally acceptable dosage form including, bat not limited to, capsules, tablets, aqueous
suspensions or solutions, In the case of tablets for oral use, carviers which are commonly used
include lactose and com starch. Lubricating agents, such as magnesium stearate, are also
tvpically added. For oral sdaunistration in a capsule form, useful diluents include lactose and
dried corn starch, When aqueous suspensions are required for oral use, the active ingredient s
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring
or coloring agents may also be added.

Altematively, the pharmaceutical compositions of this tnvention may be administered
in the form of suppositories for vectal admimstration. These can be prepared by mixing the
agent with a suitable non-irritating excipient which is solid at room temperature but Hquid at
rectal temperature and therefore will melt in the rectum to relense the drug. Such materials
include cocoa butter, beeswax and polyethylene glycols,

The pharmaceutical compositions of this invention may also be administered
topically. Suitable topical formulations are readily prepared for each of these areas or organs.

Topical application for the lower intestingl tract can be effected in a rectal suppository
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formudation {see above) or in a suilable enema formulation. Topically-acceptable
transdermal patches may also be used.

For ophthalmic use, the phanmaceutical compoxitions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotowie, pH adjosted sterile saling, either with our without a preservative such as
benzylalkonium chionde. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointment such as petrolatum.

The pharnaceutical compositions of this invention may also be administered by nasal
aerosol or inhalation, Such compositions are prepared according to techniques well-known in
the art of phanmaceutical formulation and may be prapared as solutions in saline, enploving
benzyl alcohol or other suitable preservatives, absorption promoters 1o enhance
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.

The amoeunt of compound in a pharmacentical composition of the instant invention
that may be combined with the carrier materials to produce a single dosage form will vary
depending upon the host and disease treated, the particular mode of administration.
Preferably, the compositions should be formulated to contain between about 0.03 milligram
to about 1 to several grams, more preferably about 1 milligram to about 750 milligrams, and
even more preferably abouot 10 milhgrams 1o about 500-600 milligrams of active ingredient,
alone or in combination with at least one other compound according to the present invention
or other anti-cancer agent which may be used {o treat cancer or a secondary effect or
condition thereof.

It should also be understood that a specific dosage and teastment regimen for any
particudar patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, ime of administration,
rate of excretion, drug combination, and the judpment of the freating physician and the
severity of the particular disease or condition being treared.

A patient or subject {e.g. a male or female human) suffering from cancer can be
treated by administering to the patient (subject} an effective amount of a compound according
to the present invention including pharmaceutically acceptable salts, solvates or polyvmorphs,
thereof optionally in a pharmaceutically acceptable carrier or diluent, either alone, or in
combination with other known pharmaceutical agents, preferably agents which can assist in
treating cancer and/or secondary effects of cancer or ameliorate the secondary effects and

conditions associated with cancer, including metastasis of cancer. This treatment can also be
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administered m conjunction with other conventional cancer therapies, imncluding radiation
therapy.

Other agents which may be administered to a patient in combination with a compound
according fo the present invention {prior to, subsequently to, concurrently with or in a fixed-
dose combination withy inclnde, for example, an antimetabolite, an inhibitor of topoisomerase
Pand I, an alkyvlating agent, 8 microtubule inhibitor or a mixture thereof, an FLT-3 inhibitor,
a VEGFR inhibitor, an EGFR TK mbibitor, an awrora kinase inhibitor, 8 PIK-1 modulator, a
Bel-2 inhibitor, an HDAC inhbitor, a o-MET mhibitor, a PARP inhibitor, a Cdk inhibitor, an
EGFR TK inhubitor, an IGFR-TK mhibitor, an anti-HGF antibody, a P13 kinase inhubitors, an
AKT inhibitor, 3 JAKSSTAT inhibitor, a checkpoint-1 or 2 inhibiior, a focal adhesion kinase
mhubitor, & Map kinase kinase (mek) mthibitor, a VEGF trap antibody or a muxture thereof] an
anticancer agent from the list of everolimus, trabectedin, abraxane, TLK 286, AV.299 DIN-
101 | pazopanib, GK690693, RTA 744, ON 0910 Na, AZD 6244, AMN-107, TK1-258,
GSK461364, AZD 1152, enzastausin, vandetanib, AR-197, MEKAO437, MLNE0S4, PHA-
739358, R-763, AT-9263, pemetrexed, evlotinib, dasatanib, nilotinib, decatanily,
panitwnumab, amrubicin, oregovomab, Lep-etu, nolatrexed, azd2171, batabuhin,
ofatumumab, zanohmumab, edotecarin, tetrandrine, rubitecan, tesmilifene, oblimersen,
ticilimumab, iptimumab, gossvpol, Bio 111 | 131-EFTM-601 | ALT-110, BIO 140, CC 8454,
cilengttide, gimatecan, [L13-PE3SQQR, INO 1001 | IPAR KRX-0402, lucanthone, LY
317615, newadigh, vitespan, Rta 744, Sdx 102, talampanel, strasentan, Xr 311 | romidepsin,
ADS~ 100380, swnitinib, S-Huorouracil, vorinostat, stoposide, gemcitabine, doxorubicin,
liposomal doxorubicin, S-deoxy-3-fluorcuridine, vincristing, temorolomide, ZK-304709
selicichib; PDO323901 | AZD-6244, capecitabine, L-glatamie acid, N ~[4-[2-(Z-amino-4,7-
diltydro-4-oxo-1 H-pyrrolof2 3- d Ipyrinidin-5-¥ethyijbenzovl]-, disodium sali,
heprahvdrate, camptethecin, PEG-labeled irinotecan, tamoxifen, toremifene citrate,
anastrazole, exemestane, letrozole, DES (diethvistilbestrol), estradiol, estrogen, conjuuated
estrogen, bevacizumab, IMC-1CH, CHIR-238.); 3-{S-{methylsulfonyipiperadinemethyl)-
mndolvl]-quinolone, vatalanib, AG-013736, AVE-0005, goserelin acetate. leuprolide acetate,
triptorelin pamoate, medroxyprogesterone acetate, hydroxyprogesterone caproate, megestrol
acetate, raloxifene, bicalutamide, flutamide, niutamide, megestrol acetate, CP-724714; TAK-
165, HK1-272, erlotinib, lapatanib, canertinib, ABX-EGF antibody, erbitux, EKB-569, PKI-
166, GW-572016, lonafarnib, BMS-214662, tipifarnib; amifostine, NVP-LAQS24, suberoyl
analide hydroxamic acid, valproic acid, trichostatin A, FI-228, SU 1248, sorafend,

KRN®31 | aminoglutethimide, amsacrine, anagrelide, L-asparaginase, Bacillus Calmette-
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Guerin (BOG) vaccine, blecmyein, buserehing, busnlfan, carboplatin, carmusting,
chlorambucil, cisplatin, cladnbineg, clodronate, cyproterone, cytargbing, dacarbazine,
dactinomycin, daunorubicin, diethyvistilbestrol, epirubicin, fludarabie, fludrocortisone,
fluoxymesterone, flutamide, gemeitabine, hydroxyurea, idarubicin, ifosfamide, imatinib,
feuprolide, levamisele, lomustine, mechlorethamine, melphalan, S-mercaptopuring, mesna,
methotrexate, mitomycin, mitotane, mitoxantrone, nitutanide, ocireotide, oxaliplatin,
pamidronate, pentostatin, plicamyein, porfimer, procarbazine, raltitrexed, rituximab,
streptozocin, teniposide, testosterone, thalidomide, thioguaning, thiotepa, tretinom, vindesine,
13-cis-retinoic acid, phenvlalanine mustard, wactl mustard, estramustine, altretanune,
floxuridine, S-decoxyuridine, cytosine arabinoside, 6-mecaptopurine, deoxyeoformycin,
caleitrinl, valrubicin, mithramyein, vioblasting, vinorelbine, topotecan, razosin, marimastat,
COL-3, neovastat, BMR-275291 | squalamine, endostatin, SUS 16, SUGOGE, EMDI121974,
imterlenkin-12, IMB62, angiostatin, vitaxin, droloxifene, idoxviene, spironolactone,
finasteride, cunitidine, trastuzumab, denileukn diftitox, gefitinib, bortezimib, paclitaxel,
cremophor-free paclitaxel, docetaxel, epithilone B, BMS~ 247550, BMS-310705, drolaxifene,
4-hydroxytamonxifen, pipendoxifene, ERA- 923, arzoxifene, fulvestrant, acolbifene,
lasofoxifene, idoxifene, TSE-424, HMR- 3339, ZK 186619, topotecan, PTK787/ZK 222584,
VX-745, PD 184352, rapamvein, 40-O-(2-hydroxvethylj-rapsmyoin, temsirolimus, AP-
23573, RADOO! , ABT-578, BC-210, LY 294002, LY292223, LY 292696 LY 293684,

LY 203646, wortmannin, ZM336372, L-779,450, PEG-filgrastim, darbepoetin, ervthropoietin,
granulocyte colony-stimulating factor, zolendronate, prednisone, cetuximab, granulocyte
macrophage colony-stimulating factor, histrelin, pegylated interferon alfa-2a, interferon slfa-
2a, pegylated interferon alfa-2b, interferon alfa-2b, azacitidine, PEG-L-asparaginase,
lenalidomide, gemtuzumab, hydrocortisone, interleukin-11 | dexrazoxane, alemtuzamab, all-
transvetinoic acid, or a mixture thereof

The compounds of the present invention can be adnumistered by any appropriate
route, for example, orally, parenterally, mtravenously, subcutaneously, or topically, s hquwd,
cream, gel, or solid form, or by aerosol form.

The compounds of the present invention are typically included in the
pharmaceutically acceptable carrier or diluent in an amount sufficient to deliver 1o a patient a
therapeutically effective amount for the desired indication, without causing serious toxic
effects in the patient treated. A typical dose of the active compound for the herein-mentioned
conditions 15 in the range from about 10 ng'ky to 300 my'ky, preferably about 0.1 to 100

myg'kg per day, more generally 0.5 to about 23 mg per kilogram body weight of the
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reciptent/patient per day. A typieal topical dosage will range from 0.01-5% wifwt ina
suitable carrier.

The compounds of the present invention are typically convenently administered in
any suitable unit dosage form, including but not imited to one comaining less than ITmyg, 1
mg to 3000 myg, preferably about S 10 S00-600 my or more of active ingredient per unit
dosage form. An oral dosage of about 25.250 mug is often convenient.

The compounds of the present invention are typically preferably administered to
achieve peak plasma concentrations of the active compound of about Q.00001-30 mM,
preferably about 0.1-30 uM. This may be achieved, for example, by the intravenous injection
of a solution or formulation of the active ingredient, opionally in saline, or ap agueous
medium or administered as g bolus of the active ingredient. Qral administration 15 also
appropriate to generate effective plasma concentrations of active agent.

The concentration of the compounds of the present invention in the drug product, e.g.
pharmaceutical composition, will depend on absorption, distribution, inactivation, and
excretion rates of the drug as well as other factors known to those of skill in the art. Itisto
be noted that dosage values will also vary with the severity of the condition to be alleviated.
It 15 to be further understood that for any particular subject, specific dosage regimens should
be adjosted over time according to the individual need snd the professional judgment of the
person administering or supervising the administration of the compositions, aad that the
concentration ranges set forth herein are exemplary only and are not intended to himit the
scope or practice of the claimed composition. The active ingredient may be administered at
once, or may be divided into g mumber of smaller doses 10 be administered at varving
miervals of time.

Oral compositions will generally include an inert diloent or an edible carrier. They
may be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound or its prodmg derlvative can be tncorporated
with excipients and used in the form of tablets, troches, or capsules. Pharmaceutically
compatilie binding agents, and/or adjuvan materials can be tncluded as part of the
composition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: g binder such as microcrystalline cellulose,
gum fragacanth or gelating an excipient such as starch or lactose, a dispersing agent such as
alginic acid, Primogel, or com starch; a lubricant such as magnesium stearate or Sterotes, a

glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharnn; or a



WO 2018/026997 PCT/US2017/045236
25

Havoring agent such as peppermint, methyl salicylate, or orange Havorimg When the dosage
unit form 1s a capsule, 1t can contamn, in addition to material of the above type, a hiquid carrier
such as a fatty oil. In addition, dosage unit forms can contain various other materials which
modify the physical form of the dosage unit, for example, coatings of sugar, shellac, or
enteric agents.

The compounds of the present invention can be administered as a component of an
elixir, suspension, syrup, wafer, chewing gum or the like. A syrup mav confain, in addition to
the active compouads, sucrose as a sweetening agent and certain preservatives, dyes and
colorings and flavors.

The compounds of the present Invention can also be mixed with other active materials
that do not impair the desired action, or with materials that supplement the desived action,
such as other anticancer agent, anti-HIV agents, antibiotics, antifimeals, anti-inflammatories,
or antiviral compounds.  In certain preferred aspects of the invention, one ot more
compounds according to the present invention are coadministered with another anticancer
agent and/or another bioactive agent, as otherwise described herein.

Solutions or suspensions used for parenteral, intradermal, sabeutaneous, or topical
application can mclude the following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethvlene glveols, glycerine, propylene glyeol or
other synthetic solvents; antibacterial agems such as benzyl alcobol or methyl parabens;
antioxidants such as ascorbic actd or sodtam bisulfite; chelating agents such as
cthylenediaminetetraacetic acid; buffers such as acetates, citvates or phosphates and agents
for the adjustment of tonicity such as sodium chioride or dextrose. The parental preparation
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

If administered intravenously, preferred carriers are physiological saline or phosphate
buffered saline {PBS).

In one embodiment, the compounds of the present invention are prepared with carriers
that will protect the compound against rapid elimination from the body, such as a controlled
refease formulation, including tmplants and microencapsulaied delivery svstems,
Biodegradable, bioccompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polvglveolic acid, collagen, polvorthoesters, and polvlactic acid. Methods for
preparation of such formulations will be apparent to those skilled in the art.

Liposomal suspensions may also be pharmaceutically acceptable camriers. These may

be prepared according to methods known to those skilled in the art, for example, as described
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m UK Pat No. 4,522 311 {which is incorporated herein by reference in is entirety). For
example, hposome formulations may be prepared by disselving appropuate hpid(s) {such a3
stearoy! phosphatidyl ethanolamine, stearovl phosphatidy! choline, arachadoyl phosphatidyl
choline, and cholesterol) in an inorganic solvent that is then evaporated, leaving behind a thin
flm of dried hipid on the surface of the container. An agueous solution of the active
compound are then introduced into the container. The container is then swirled by hand to
free hipid material from the sides of the container and to disperse hipid aggregates, thereby

forming the iposomal suspension.

The following examples are provided for tHustrative purposed and are not intended to
limit the scope of the invention of the claims. Certain references to compounds, e.g | as
“ABT-1", or “ARM-U2 derivative 6-ABT-5 was synthesized as described for 6-ABT-1"
are made with reference to the compounds and procedures set forth and described in
WO02017 /023994, published February 8, 2017, the disclosure of which is hereby

incorporated by reference.

General Chemical Synthesis

The following chemical example is provided to indicate fo one skilled in the art as to
how to make certam compounds in accordance with the present invention. N-Boc-nipecotic
acid T was coupled with the suitable DNP linked amine using HATU coupling conditions,
and the Boo group was removed with TFA o give 2. The secondary amme of 2 displaced the
bromine of 3 at 70 "C with DIPEA in DMF to give 4. Upon exposure of a red solution of the
isoxazole 4 in DMSO o room light for up to 48 b or longer, a color change to purple is
observed giving 8. The conversion of 4 to § occurs much more quickly in agueous solution
{ty2 = 3 h) relative to DMSQO {12 = 24 h). HPLC punification resulted m isolation of the ring

opened compound &
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Synthesis of ABT-8

ABT-S was synthesized in a similar manner to ABT-1 byt using 1-BOC-piperidine-4-
cathexylic acid in place of BOC-D-nipecotic acid or BOC-Lenipecotic acid. First, 1-chloro~
2 4-dintrobenzens was coupled o 4,7, 10-ndecanadiaime as previously described (REF)Y
The resulting DNP appeuded PEGSJinkﬁzr{B. 178, 862 mﬂmi)_g i ~}§{}C‘gp.iperidiﬁe»%»

and DIPEA (979 ul., 5.62 mm@l} were combined mn DMF (10 m{.} and stivred m-'am_ight at
room temperature. The reaction was diluted with ethyl scetate, washed with water 2x), IN
HCY, and 1M Na2CO03. The organic laver was dried over Na2S(0M, filtered and concentrated
i vacwe. The crude BOC-protected ABT-5 was dissolved i a 111 DOCM/TFA and stirred at
room temperature for 4 hours. The volatiles were removed & varre. The residue was diluted
with DCM and carefully neutralized with sat. aq. NaHCO3, The lavers were separated and
the aqueous layer was extracted twice more with DCM. The combined organic extracts were
dried over Na2S(4, filtered and concentrated to vield crude ABT-3 (2.03 g, 4.08 mmol, 80%
yield) as a viscous vellow oil, ES-LUMS: méz 495 09 (M+H)'.
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Syathesis of ARMAUZ devivative 6ART-S

ARM-UZ derivative 6-ABT-3 was svnthestzed as described for 6-ABT-1 only intermediate

VIHE (13 mg, 0.027 mmol) was conpled to hoker ABT-3 {13.5 mg, 0.027 mmol) as opposed
to ABT-1. The product was purified by Gilson C18 reverse phase prep HPLC with a gradient
of 20-70% ACNH20 (both water and ACN contain 0.1 % TFA) and following lvophilization
yielded 6<-ABT-S i1 29 95 vield (7.6 myg, 0.0079 mmol) as a lyophilized reddish-orange

solid. 'H NMR (300 MHz, DMSO) § 11.68 {5, 1H), 8.87-0.03 (m, 1H), 8.77-8.83 {m, 1H),
839-8.58 {my, THD, 8.18-8.26 {m, 1H}, 809818 (m, 2H), 7.76-7 86 {m, 2H), 7.66-7.73 (m,
1H), 7.60-7.65 {m, 1H), 7.52-758 {m, 1H), 7.17-7.25 (m, 1H), 6.33-6.39 {m, 1H}, 431-452
{m, 2H}, 3.46-3.60 (m, 17H}, 3.01-3.12 (m, 2H), 1.86 (s, 4H), 1.67-1.79 {m, 2H}, 1.60 {5,

2H). ES-LOMS: miz 968,30 (M+HY,

o oz ND»
,-"'\ \ E
‘ps5 H

NG,
_&ﬁgihesi_s of ABT-%

ABT-6 was synthesized in similar manmer 0 ABT-8 only that 1-chlore-2 4-dinftrebenzene

was coupled to 1.19-diamine-4,7,10,13 16-pentgosanonadecane instead of 4,7,10-
tridecanediaime to syathesize the DNP appended PEGS-linker. ES-LOMS: m/z 586.33

o l NOq
QmN K\ N/\V{'\O MNQ/
! n=g5 H

NQq

S “

(M+H). HO3S
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Syuthesis of ARM-U2 derivative 6-ABT-6

ARM-UZ derivative 6-ABT-6 was synthesized as deseribed for 6-ART-8 valy intermediate
VI (13 mg, 0.027 mmol) was coupled to hoker ABT-6 (159 mg, 0027 numol) a5 opposed
10 ABT-1. The product was pusified by Gilson C18 reverse phase prep HPLO with & gradient
of 25-75% ACNH2O0 (both water and ACN contain 0.1 % TFA) and following Ivophilization
yielded 6-ABT-6 in 28 % vield (8.0 mg, 0.0076 mmol) as a Ivophilized reddish-orange

solid. "H NMR (300 MHz, DMSG) S 11.63-11.76 (m, 1H), 8.88-8.96 (m, 1H), 8.78-8.82 {m,
1H), 8.42-8.49 (m, 1H), 8.18-8.26 (m, 1H), 8.11-8.17 (m, 2H), 7.76-7 88 {m, 2H), 7.66-7.

{m, 1H), 7.61-7.65 (m, 1H), 7.52-7.58 (m, 1H}, 7.17-7.23 {(m, 1H), 637 (5, |H), 437-4.50
{m, 2H), 350 (d, /=3.81 Hz, 24H), 3.02-3.14 (m, 34}, 1.81-1.94 (im, 4H), 1.68-1 80 (m, 2H),
1384166 {m, 2H). BESALOMS: mdz 105635 (M+HY.

O

ﬁ Intermediate X
N7 \/ﬁ D/ﬁv

=3 N(};

3,

T NB0,H

Svatliesis of ARM-U2 devivative T-ABT-8

To a flame-dried round bottom flask under nitrogen was added di-bromo intermediate T

{100mg, 0.26 mmol), sulfanilic acid (183 mg, 1.1 mmol), and Li2CQ3 (146 mg, 1.98 ramol).
Anhvdrous DMF (5.3 ml) was added and the reaction was heated at 70 °C overnight. The
reaction was {iltered and purified directly by ISCO reverse-phase chromatography (shielded
fram direct light) with a gradient of 10-70% ACN/H20 (both water and ACN contain 0.1 %
TFA}. The product containing fractions were pooled and concentrated in vacuwo to obiain the
pure mono-sulfonated intermediate Xisolated in 58% vield (72 mg, 0.153 mmol).
Intermediate X (30 myg, 0.06 mmol) was dissolved in anhvdrous DMF {400 ul) to which
DIPEA (53 ul) and linker ABT-5 (32 mg, 0.06 mmol) were added and the solution allowed

to stir at 70 °C ovemight. The reaction mixture was purified directly by Gilson C18 reverse
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phase prep HPLO with a gradient of 30-80% ACNH2O (both water and ACN contain 0.1 %
TFA) and following lyophilization vielded 7-ABT-8 m 36 % vield (20.7 myg, 0.023 mmol) g8
a lyophilized reddish-orange solid. ES-LOMS: m/z 888.38 (M+H)".

G N2
i \ ,[ ﬂ Intermadiate Xi
i ~ N Aoy NG
ﬁﬁﬁ

G HN

1
HO58” “OCH;

Synthesis of ARM-U2 derivative 8-ABT-5

ARM-U2 derivative 8-ABT-8§ was synthesized in a similar manner to 7-ABT-8 only that 2-
amino-S-methoxybenzenesulfonic acid (214 mg, 1.06 mmoly was used in place of sulfanilic
acid to obtain pure intermediate X1, Intermediate X1 reaction with ABT-5 as above resulted
in the isolation of 8-ABT-5 in 32 % yield (23.2 mg, 0.025 mmol). ES-LUMS: m/iz 918.43
{M+HY.

0 o - NO2 _
Y AP o Intermediate Xii
= AN —

amine-S-chlorohenzenesulfonic acid {2 19 myg, 1.06 nunol) was ased in place of sulfantlic
acid to obtain pure mtermediate X Intermediate X¥1 reaction with ABT-S as above
resulted in the isolation of 9-ABT-8 1n 75 % yield (41.2 mg, 0.048 mmol).  ES-LOMS: miz
922,37 (M+H)'.
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Syathesis of ARM-U2 derivative 10-ABT-S

Dertvative 10-ABT-8 was synthesized as described for 3-ART-1 only that the di-bromo-

isoxazoleinteremidatell was coupled to methyl 4-aminobenzoate in nitrobenzene using AICI3
to furnish the antline substitpted dertvative XTI in 85 % yield. Intermediate XHI reaction

with ABT-3 as above resulted in the isolation of 10-ABT-5 m 14% vield (53 mg, 0.061
mwol). ES-LOMS: mvz 86635 (M+H)'.

. P /NOE
,B\ P _— k | intermediate XiV
O i‘f/j ;3.«" \/{T \O,/\}if’“\wf \{ 0 ;

! =3 H
ff, E S { NI 4 NO;
T 2
T’
O HN =
MeO,C” ™ “COMe

Synthesis of ARM-U2 derivative 11-ABT-8

Dertvative 11-ABT-S was synthesized as described for 3-ABT-1 only that the di-bromo-
isoxazoleinteremidatell was coupled to dimethyl-4-aminoisophthalate in nitrobenzene using
AlCI3 to furnish the aniline substituted derivative XTIV in 40 % vield. Intenmediate XTIV
reaction with ABT-5 as above resulted n the 1solation of 11-ABT-S in 45% vield (20.6 my,
0.022 mmol). ES-LOMS: mdéz 924 41 (M+HY
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Svuthesis of ARM-L2 derivative 12-ABT-8

Dertvative 12-ABT-8 was synthesized as described for 3-ABT-1 only that the di-bromo-

isoxazoleinteremidatef! was coupled to methyl 4-amino-3-chlorobenzoate in nitrobenzene
using AICI3 to furnish the aniline substituted derivative XV in 70 % vield. Intermediate XV
reaction with ABT-8 as above resulted in the isolation of 12-ABT-8 in 64 % vield (26.7 my,
0.030 mmol). ES-LCMS: mi/z 90034 (M+H)".

o fi NO-
O—N /"‘ \NJ\V%\O }‘ /"”\N \{\T/

Q;L;é:j,;\z N T L B <o

-~

O HN Dide

T

N
CHa

Synthesis of ARM-U2 derivative 13-ABT-§

Dertvative 13-ABT-S was synthesized as descrbed for 3-ABT-1 only that the di-bromo-
isoxazoleinteramidatet! was coupled to methyl 3-amino-Temethyi-1H-pyrazele-S-carboxylate
in nitrobenzens using AICI to furnish the aniline substituted derivative XV in 84 % vield,
Intermediate XVY reaction with ABT-S as above resulted in the isolation of 13-ABT-8 1 32

% vield (152 mg, 0.0014 mmol). ES-LCMS: m'z 87043 (M+H)".
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Svuthesis of ARM-U2 derivative 14-ABT-§

Derivative 14-ABT-S was synthesized as described for 3-ABT-1 onby that the di-bromo-

isoxazolemtersnudatell was coupled to sulfonilamide in nitrobenzene using AICE o furnigh
the anihine substituted detivative XVH in 76 % vicld, Inmtermediate XV reaction with ABT-
3 as above resulted in the isolation of 14-ABT-3 in 62 % yield (62 myg, 0.070 mmol). ES-

LOMS: m/z 88743 (M+H)'.

Q ‘/‘ E /NGE
/13\ E\E intermadiate XVill
. ,N/\/{""‘\ o ) e Vf ‘\{ )

O i/\ N O
Cj/g‘ i [’N\’J : R o, A J) f;'B‘
. S ey o

\7, S \;

O HN._~ O HN.

-7 O“Nf

Synthesis of ARM-12 derivative 13-ABT-S

ARM-UZ denivative 15-ABT-5 was synthesized ina similar manner to 7-ABT-8 only that 3-
cyclopropyl-1,2-oxazol-S-amine was used m place of sulfanilic acid to obtam pure
mtermediate XV Intermediate XVII reaction with ABT-S as above resulted in the

isolation of 1S-ABT-S in 7 % vield (2.5 mg, 0.003 mmol}. ES-LCMS: m/z 839 35(M+H),



WO 2018/026997
34

o~ O

Q |
oy (Y o j

N_ 1 *3

Synghesis of ARM-U2 derivative 16-ABT-8
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interm&diate XX
J\)W GOEt
O HN
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C.H3

ARM-U2 derivative 16-ABT-5 was synthesized i a sinilar manner to 7-ABT-5 only that
ethyl 3-aimno-1-methyl-1 H-pyrazole-4-carboxvlate was used in place of sulfanilic acid o
obtain pure intermediste XIX. Intermediate XIX reaction with ABT-S as ahove resulted in
the isolation of 16-ABT-5 in 23 % vield (4.3 mg, 0.005mmel).  ES-LOCMS: m/z 88437
(M+H)'.

{;if'\\ /’NDZ
Intermediate XX

Svuthesis of ARM-U2 derivative 17-ABT-8
ARM-U2Z desivative 16-ABT-8 was g

vathesized in a similar manper to 7-ABT-3 only that

methyl 2-amine-S-methyvoxybenzoate was used i place of sulfantlic acid to obtain pure

mtermediate XX, Intermhediate XX reaction with ART-S as above resultad in the isolation of

17-ABY-8 in 533 % vield (10 myg, 0.011 pamol).  ES-LOMS: avz 896,54 (M+HY".
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Synthesis of ARM-U2 derivative 18-ABT-S

ARM-UZ derivative 18-ABT-8 was synthesized in g similar manner to 7-ABT-3 only that 2-
amineo-S-chlorebenzaic acid was used in place of sulfanilic acid to obtain pure intenmediate
XX1 Intermediate XXI reaction with ABT-3 as above resulted i the isolation of 18-ABT-8
in 44 % vield {16 myg, 0.018 mumol).  ES-LCMS: m/z 386,41 (M+HY.

O ] intermediate XXi

[ 808 RS s g

o RN N NG Br

U0 Lﬁ}

o HNL_ - SOsH O HN LSOsH
O Ty
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Syuthesis of ARM-U2 derivative 18-ABT-5

ARM-UZ devivative 19-ABT-5 was syvithesized in a sinular mannper to 7-ABT-5 only that 2-
amino-1 A-benzenedisulionic acid was used i place of sultanilic acid to obtain pure
intermediate XX Intermediate NXTY reaction with ABT-8 as above resulted i the
isolation of T-ABT-S in 90 % vield (158 mg, 0,016 muwol),  ES-LOMS: m/iz 96847
(M+HY
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Biolagical Testing

Biology reagents: A172 buman glioblastoma cells are purchased from ATCC (#CRL-
20}, grown m T-Hasks with Dulbecco’s madified Eagle’s medivm supplemented with 10%
HI-FBS, and detached by the EDTA detachment procedure. U937 Cells are purchased from
ATCC BCRL-1593.2), grown m Petri dishes as a suspension with RPMI-1640 medium
supplemented with 10% HI-FBS and 1% penicilhin- streptomyein. All cell colturing 1s done
wsing colored ADCP Media RPMI Medium 1640, liquid Invitrogen ¥11875-093
supplemented with 10% HI-FBS and 1% penicillin-streptomyein. Anti-dinitrophenyl-KLH
Rablut IgG Fraction with and without biotin were purchased from Invitrogen #A6430 (Lot
SO7872) as a solution and stored at 4°C. Human oPAR Antibody: Polyclonal goat IgG R&D
Systems #AFR07 was purchased as a Iyophilized solid and was stored at -20 "C, as a solution
in 250 gl of sterile DPBS. Human urokinase, 1solated from human urine was purchased from
PROSPEC as a lvophilized white solid and reconstituted at & concentration of | mgimL
{approx. 18.5 uM) in milliQ water and stored at -20°C. Recombinant buman wPAR with
carrigr protein was obtained as a white lyophilized solid from R&D systems and dissolved in

DPBS at a concentration of 100 ug/mi. {approx. 2 uM} and stored at -20°C.

Competitive ELISA wPAR Biading Assays.

The affinity of derivatives are assayed using 8 competitive ELISA binding assay. The
assay involves the immobitization of urokinase, a natural high affinity higand for oPAR
followed by the addition of a fixed concentration of recombinant uPAR protein and
incregsing concentrations of test compounds which competes with urokinase for binding to
the uPA binding site of uPAR. Following several washing steps, the amount of uP'AR bound
is guantified by a biotinvlated anti-uPAR antibody and avidin-HRP and can be fit to a
competitive binding model allowing for determination of the uPAR/test compound Ky

Antibody Recruiting Cellular Assays

The derivatives of the present invention are expected to recruit anti-IINP antibodies to
the surface of A-172 and B-16 cancer cells over-expressing uPAR. These assays involve the
mcubation of dertvatives wath target cancer cells followed by the addition of biotinylated
anti-DNP anttbodies and streptavidin-AlexaFluor conjugates. After several washing steps,
the amount of compound bound simultaneously to both the cell surface and anti-DNP
antibodies was detected using flow cviometry by observing shifts in FL-2 and FL-3

Huorescence. These experiments can also be conducted on both B16+uPAR cell lines and
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Bl6-uPAR cell ines in addition to studies on A172 cells in the presence and absence of
exogencusty added competitor yPAR to assess sclective binding to the cell surface via cell
surface uPAR.

Fluorescence and ELISA binding studies

Selected derivatives were assayed for their ability to bind recombinant pPAR using a
fluorescence quenching assay. The compounds stored at -20°C as DMSQ stocks were diluted
into PBS aliguots at a fixed 3 oM concentration. Tucreasing concentrations of recombipant
uPAR were mixed with each compound containing aliquot and the fluorescence of the
solution measured following 1 b equilibration times. Increasing concentrations of uPAR
resulted in saturatable quenching of intrinsic fluorescence generating a binding 1sotherw to
extract the equilibrium dissociation constant for binding to «PAR. To contirm that the
observation of yuPAR dependent fluorescence guenching was indesd due to specific hinding
to uPAR and to validate binding to uPAR specifically via the uPA bimdmg site, a divect
binding ELISA assay was developed. In this assay, clear 96-well high-binding plates from
CoStar, were loaded with 100 pl/well of S0nM recombinant tPAR 807-UK-100-CF from
R&D systems prepared from a 100 gg/ml (approx. 2.1 uM) stock of uPAR in PBS and left
overnight at room temperature to equilibrate. Following equilibration, the plate was washed
with wash buffer Ix (400 pwiiwell o 0.05% Tween/PBS), blotted dry and blocked for thr
with 300 ul./well of 2% BSA/PBS. Following blocking, the plate was washed with 400ul of
the wash buffer and blotted dry. Dilutions of each derivative from 100x stocks in DMSO
were made into 100 gliwell of 1% BSA/PBES and left to equilibrate with immobilized uPAR
for 2 h at RT. Following the binding step, the plate was washed 1x 200 yl and 1x 400 pl of
wash buffer and blotied dry. A solution of anti-DNP rabbit 1gG KLH biotinylated aniibody
was prepared i P BSA/PBS from a 10,000x commercially available stock of 2 mg/ml in
500 gd (Lafe Technologies) and added in a volume of 100 pliwell, left to equilibrate for 1 hat
RT. To assess selectivity of binding of test compounds to the uPA binding site of aPAR, 100
uM competitor uPA-ATE (Innovative Research), the amino terminal fragment of oPA which
retaing the complete binding capability of yrokinase for uPAR, was added during the
biotinylated anti-DNP antibody incobation step. Following mcubation with the antibody, the
plate was washed Ix 200 pl 1 x 400 pl of wash buffer and blotted dry. A solution of avidin-
HRP was prepared by diluting 20 ul of stock solution {e-bioscience) into 10 ml of 1%
BSA/PBS solution and 100 pl added to each well and incubated for 20 mm at RT. Following

3x400ul washes and blotting, 100 ul of HRP substrate solution {TMB-substrate, Thermo) was
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added and the wells allowed o develop wntd a clear difference between negative control (no
uPAR loaded) and wells contaiming test compounds could be observed by differences i the
emergence of blue color at which time the development was halted by the addition of 50 ul
4N sulfuric acid. The absorbance at 450 nm was measured using an in-house Perkin-Elmer
fluorescence plate reader.

All derivatives were assessed for their ability to bind selectively to recombinant uPAR
in vitro using a competitive ELISA binding assay. DMSO stock solations of each denivative
stored at -20°C were titrated inte wells pre-coated with human wokinase (isolated from
human urine, ProSpec 1 mg/mL detomzed water 18.5 pM } i the presence of uPAR.
Selective binding to uPAR by compounds at the uP A binding site competes with uPAR-uPA
binding which is required for a positive UV 450 nm absorbance signal. Increasing
concentrations of test compound displace increasing amounts of uPAR from uPA which is
detected by anti-uPAR/biotin labeled antibodies followed by avidin-HRP,

Antibody Recruiting Assays

A172 ghoblastoma cells (ATCC, CRL-1620) were sospended in Assay Media
{phenol-free RPMI 1640 medinm plus 10% ulta-low 1gG FBS). 10° cells taken up in 50 ub.
media or media containing exogenous uPAR were mined with a fixed concentration of the
mdicated compound from 100x DMSO stocks, After a 1 hour mcubation on ice, cells were
washed with 1.5 ml of cold Assay Mediz, pelieted for 2 min at 200 ref, aspirated, and
resuspended in 100 L of fresh assay media with 133 nM of anti-DNP-biotin-xx conjugate
antibody (Invitrogen). After 1S min more on ice, cells were washed 2x with 1.5 mL of cold
Assay Media before flow cytometric analysis. Propidium iodide was added from a 1000x
stock as a cell viability stain (FL-3 positive) and antibody recroiting to the cell surface was
gvaluated by measuring increasing cell counts in the FL-4 chanael negative for FL-3 (lower
right quadrant of representative dot plots). The evalpation of selective binding to uPAR was
carried out by performing the antibody recruiting assay described above identically, save that
B16-F10 melanoma cells, cither stably transfected with human oPAR or the empty vector

peDNAZT (1sogenic negative control), were used i place of A172 cells.

Compound Tesiing
An ELISA assay substantially as described above was used 1o test certain of the

compounds of the present invention for biological chavacteristics. Inaddition, the compound
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6-ART-1 as deseribed in WOR017/023994 yas tested asa control, Results from the

biological testing are shown in Table A, below.

Table A
Compound ICSOudl) Ki Ratio of 1€ 54
{Compound} / JCS0
6-A8T-1
ARM-UZ derivative 6-ABT-S 0.53436 11 0.7
ARM-UZ derivative 6-ABT-6 1.356 278 1.6
ARM-U2 derivative 7-ABT-S 2.36 48 41 118
ARM-U2 derivative 8-ABT-5 .54 10.95 (.28
ARM-UZ derivative 9-ABT-3 0,485 9.84 0.255
ARM-UZ dentvative 10-ABT-S | »>100 »2000 714
ARM-U2 denvative 11-ABT-5 | >100 =2000 »36
ARM-UZ derivative 12-ABT-5 | >100 2000 e
ARM-UZ derivative 13-ABT-5 | >100 #2000 714
ARM-UZ derivative 14-ABT-3 | >100 =2000 714
ARM-UZ derivative 13-ABT-5 | 18 371.0 1285
ARM-U2 derivative 16-ABT-5 | 55322 11386 39.41
ARM-1U2 derivative 17-ABT-3 | »100 =2000 >3%
ARM-U2 derivative 18-ABT-3 | 3.088 63.5 .98
ARM-UZ derivative 19-ABT-3 | 2.566 327 .81

Throughout this application, various publications are referenced by author name and

date, or by patent number or patent publication number. The disclosures of these publications

are hereby incorporated in their entireties by reference into this application m order to more

fully describe the state of the a3t as known to those skilled therein as of the date of the

mvention described and claimed hereinn. However, the oitation of a veference herein should

not be construed as an acknowledgement that soach reference s prior art 1o the present

Wveniion.

Those skilled in the art will recognize, or be able to ascertain using no more than

routine experunentation, numerous equivalenis to the specific procedures described herem,

Such squivalents are considered to be within the scope of this invention and are covered by
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the following claims, Fusthermore, it is intended that specific ems within bsts of ttems, or
subset groups of ttems within larger groups of ttems, can be combined with other specific
items, subset groups of items or larger groups of items whether or not there is a specific

disclosure herein identifving such a combination.
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Clanms:

1. A compound according the the general formula:

TBT~LINKER--ABT

Where;

ABRT iz an antibody binding moiety comprising a hapten which is capable of binding to an
antibody n said patient or subject;

LINKER 1s a linker molecale which chemically hinks TBT 10 ABT;

recepior (uPAR) on the surface of cancer cells of a patient or subject, selected from a motety

according to the general formuda:

R, Z ~, ‘ \\
R OR

wherein X = H. F, 1, Br, CFi, MeSCh, CH:O, CF0 N{RMa, where each RY is
independently H ora Cy-C5 alkyl group;
Bi, Bz, B, By and Rs are cach independently H, a balogen, a €C~Cy alkyl group optionally

substituted with one or two bvdroxyl groups or ap to three floore groups, NO;, ON, a2
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{CH) e ORF {Calkvl) group, a {(ﬁif%i:’g}‘11>€?(}ﬁ£{r§ tketo} group, a {{I}*ig’}m{‘i}(}}{ﬁ {carbosy

ester) group, a {CH: e SO H groap, a (CHa ) OCOR® (oxyearbonyl ester) group,

“
H JN"(CHE }QCOZRE

a ‘ k group,
Ra

S

HC
- \COQRE

a B group or

a ZYOUP,

Each R 1s independently H or a £1~C5 alkyl group;

R, is a sidechain derived from a natwral or unnatural amine acid (D- or LY

Each R is H or a C;-Cy alky! group optionally substitated with one or two hydroxy! groups
or up to three chioro or fluore groups;

Ry, Ry, Ry Ry and Re are each independently H, a halogen, a
€-Cy alkyl group optionally substituted with one or two hydroxyl groups or up to three
chioro or fluoro groups, NOj, ON, a {CH: ) ORP (O-alkyl) group, a {(CHL)-COORY
{carboxy ester) group, a {C H’g}m?Q-C’ORE {oxycarbonyl ester) group or a {C Hg}nyCQRg’
{keto) group;

Ry s Hovr SO3H, Ry s H, COLH, SO H, -NHCH ,-COLH, NHCH-80H, ~-COMNHCH ;-
COLH or ~COWNHCH;-30:H, R is H, CO3H, or SO:H, R is H, CO:H, or SO:H, and
Rsis H, COLH, or SO:H;

Each m’ 1s independently 0, 1,2, 3,4, 5, or &

Each y" 18 independently 0, { or 2;

RUMHT g 4 LIN-ABT group,
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1 0ud,

m={-5, and

Rg = H, €104 lower alkyl;

or a pharmaceutically acceptable salt, stereoisomer, enantiomer, solvate or polvmorph

thereof.
2. A compound according to claim | having a structore selected from;

TBR ol Xy L ABT
T A S N

TBT. SO ~.
~tz } ~~TART
X EL=CHyor O
Z=CHpar O ¥ = -8
¥ o= 3-8 A= 16
Le] FS? e ?"!h Rg R@

R o
X Jj\ -N\ " Nt . -
‘}{, I;J/E' L%Z.-/ n (l*z. “{“8\“ ﬂﬁo,_ k,N:/S ‘7:& %«_! ~g ,«N

Ry o Ry O
R1, R2 same or different from M, C1-3 lower alkyl, hydroxyaikyl and aminoatky!

Lo 3 N\ O . (N\ 6]
(}\}_f: \__\%}12’ ‘ D\ 'v-"' _%‘!{, \}_E __i\}_é‘la \ {“ ___?“___{K ‘
S 1 N s r .
{olty S HN C/ALNGE i N AL I B S A L
0 r;N ,Q # . - P
'\\%___L_ \ﬂ 4 )t\ {% r‘}";\ 2 'g) ,;”Zi Ir\ o r;:f,M ; !Q f}i !(\& i ‘f‘N'" g} ;;g'
AN H— Nmf?K\ﬁﬁT \m§ N“"ﬁ“{‘“ "}}“%"*N N‘“’S“{“‘ *T‘S\“N
v : HO e G HG\\\'_, bH Hrks\\/bi’i
1“‘ }N G »] ,-N 3 § 4 .
Snes L :%é'mm”” 1 sl f?;l.”_Nf"gz B N N NN ,
Ry W 3 : \ I 5 e
H & S N H I, A H Nt . AN
Q B.. @
) . o s
' / <‘; j?“q : ’ \N“"\\( S {){é"m »’%
t—NH Y HN— Hg\im«f \{\:}H
Y=CH N .
Y =CH N
QMe ~ART

—ABT TBT oo~ L XL VK
( v’tz ‘}’ \% n/ \_..K‘Ei\"ﬁe

TBT\ o -~ X ¥ ¢ ~ART
~tz \‘} fﬁfﬂ” — ABT m P
Z=CHorQ K= Q.‘Nﬁs Y= 1-8 ,

: K, Ky =Qor NR
Y=1-8  A=0-3Ry=H C1C3 R

A=0-3; Ry = H, C1-03

A compound according to claim | wherein LIN-ABT is selected from:
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O, \ Ky
X
a

2 group,

NO,

\ﬁfg\{/\ >/\/ XL@\
(e
n }
a NO: group,

j‘j \ o ; i
AN £ €3y N Mn
”}: N Y{ % /\0 '\Wj{
3 O '
a4

o R
NO: aror .
T group, of

MO,

. B H 1
O, 3 s 3
A~ g .M ({.‘.H.E N £ e
8 & % 1 ’/_,.,
a

where Xy is N(Ri}, Q, 8, §{0O}, 530, S{01:0, -O8(0);, or OK0).0;
RYis H, & C1-Cy alkyl group or a -COYC1-Cs) group:

NO: aroup.

each n and n’ is mdependently { to 25; and

each 1" is independently 0 to 8.

4. A componnd according to clatm 1 wherein LIN s 8 linker group according to the chemical

structure;

A AP
35\(/\/“ N
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LN

where each n and v’ 15 independently 1 to 28; and

cach n” is independently 0 to 8.

3. A compound according to claim 1 wherein LIN s a group according to the chemical

CH, N 571/
n ‘ o g
O 0 Qr
O\/g};
b

structure:

H
RN N

n

O Q

where each n and " i3 independently 1 10 25;
eachn" is independently 0 to 8;
where 1 is about 1 to 100; or

a linker according to the chemical structure;

R? y {m RS

m

where Ry and Ry are cach independenty H, C-C5 alkyl, atkanol, aryl or beney!
or form a cvelic ring with R (proling) and R™ . R" and R are each independently a side
chain denved from an anvine acid: gnd

m and m’ is each mdependently an infeger from | o 100,
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& A compound according o clanm 1 wheretn LIN is a group according to the chemical

formula;
IO

where 7 and 2 are each independently a bond, ~{CHz 3-0, «{(CHy -8, (CH3-N-R |

R)-—-/-——RA S 0
s
%“(CHE}& . S{CHa}, R2 . J— . H
25 ) —‘{(HE};‘_:?" or ) Lot Sk Taund

wherein satd -(CH1 ) group, if present in Z or 27, is bonded & a connector (CT), an
afternative linker, ApM and/or UPARsM;

Each R s H, or a (-5 alkyl or alkano! group;

Fach R is jndependently H or a €-Cy alkyl group;

Each Y is independently a bond, O, S or NuR;

kach 115 independently 0 to 100;

Dis
O
{CHy )
[ FCHL X
i oor

a bond, with the proviso that Z, 2" and D are not each simultaneously bonds:
jis 1 to 100

m’ s o 100;

nis |0 100

X' is (LS or N-R; and

R s as desertbed above,
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7. A compound according to claim 6 wherein said AgM group is & group represenied by the

chemical formula;

i airy 1 I N -

where X' s OHa, O KR 008

RY is H or €y~Cy alkyd; and

Z is a bond, a monosaccharide, disacchanide, oligosaccharide, or a sugar group selected from

monosaccharides and disaccharnides.

8. A compound according to claim 1 wheretn ABT is 3 group-according 1o the chemieal
¥ 8 8 ¢

structure;
O o
, H
" ‘*NJL*;”\ DNP ¢ xN.,ﬁ\?,f\w\f&mP
NHDNP H o QHone

or a gronp according to the chemical strocture:

OgN._m-NO;

S

Y!

where Y7 is H or NO»;
Xis O, CHa, NR?, §{0), 5(0)1, -8(0):0, -0S(0);, ar OS{0):0; and
R'is H, a Cy-Cy atkyl group, or a ~CIONC;-C3) group.

9. A compound according to claim 1 wherem ABT isa group according to the chemical

structure;
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Me, Me

QO = O

HG""{ Xp— -—(. | et . D\ Q .

\}mﬁ’ R % HO \ ,> Xa g 1{;91@”‘“'“&‘1830%
Hé bH Hé HE:)H
o-L-Rhamnose p-L-Rhamnase Phosphorn Chaline

O

H
= ,Xm\ g’ 7 E H
C | ]r H
N &,N\r,cozﬁ
G R‘E
Manadione Carboxyethvl Lysine (RY = Me}

where Xy 50, S or NR': and
Xy is O, NR or 8, and

R is H or a C-C; alkyl group.

PCT/US2017/045236

10, A cowpound according to claim § which comprises more than one rhampose group.

1. A compound according to claim | wherein ABT is 3 group according to the chemical

strugture:

i
LR
R

where X7 is O, CHa, NR', $; and
R'is H, a ©-Cy alkyl group or a -C{ONC-Cs) gronp; or

Oapy

7

N N ,ai‘l‘\
]

\xb \Q‘\j

where X" is a bond, O, CH; or NR' or §: and

NG

R’ is the same as above; or
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a group according to the chemical structure:
O Q
» H
MOR o
"'JS\N/HN‘:/\SfR by Y Nfll\t’f,\\\“ o N‘RNDE
o ez Ho Supnoz

where R¥ is a dinitrophenyl group optionally linked through CHa. ${0), S(O)s, -S(01:0. -
OS(0)s, or OS(O)20; or

a dinitropheny] group according o the chemical structures

QN (0\ NG

where Y7 15 Hoor NOs:
Xis 0, CHy, NRY, SO, S(0)2, -${0):0, -08(0)2, or 0$(0);0: and
RYs H, 2 C-Cyoalkyl group, or a <C{ONC-Cy ) group.

12. A compound according to claim 1 wherein ABT is a dinitropheny! group or a rhamnose

group.

13, A compound according to claim 1 wherein LIN s selected from the following:
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H
CH N

O

or a group,

where X7 is CHa, O, S, NRY, 8{0), S0}, -S$(05:0, <08(0}s, or OS(0):0;
X' i 0, §,NRY,

R*Yis H, a Cy-Cs alkyl or alkanat group, or a ~C{ONC,-Cs) group: and

n” is independently 0 to 8,

B, Accompound gecording to elaim 1 for use a8 ap anticancer ggent, or a phannaceuticaltby
i g san, 3

acceptable salt, sterenisomer, enantiomer, solvent or polvmorph thereof.

15, A pharmacentical composition comprising an effective amount of a compound according

to claim 1 and a pharmaceutically acceptable carrier.
14, The composition according to claim 15 comprising an additional anti-cancer agent.

17, A method of treating cancer in a patient in need thereof comprising administering to said

patient an effective amount of a compound according to claim 1.

I8, Themethod according to clatm 17 wheren said cancer 1s a metastalic canger, 8 recurrent

cancer of a drug resistant, incloding nodtiple drug resistant cancer,

1%, The method according fo claim 18 wherein said cancer is prosiate cancer, metastatic

prostate cancer O recarrent prostate cancer.

20. A method of reducing the likelibood that a cancer i a patient will metastasize

comprising administering to saud cancer patient 8 compound according to clamm 1.

21, Use of a compound according to claym 1 in the mannfacture of a medicament for the

treatment of cancer,
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