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Desion, Svnthesis, and Biological Activity of Platinum-benrlelacridine Hyvbrid Avents

and Methods Assoviated Therewith

The present invention claims prionty uader 35 USC 118{e} to US Provisional
Application No. 617953765 {iled March 15, 2014, the entive contents of which is
weomporated by reference m s entirety.

Field of the Invention

The present invention was supported by NIH-NCI grant contract number CATOIRRL
Accordingly, the Federal Government has rights in the present mvention.

Backeround of the invention

Since the FDA approval of cisplatin in 1978, platinum chemotherapy has been the
mainstay for a multitude of solid malignancies, The Hmiting factors of cisplatin’s efficacy m
a wide variety of cancers has been #s sysiemic toxicity and drug resistance alter ireatment.
The development of second-generation cisplatin drags, such as FDA approved carboplatin,
oxahplatin, nedaplatn, lobaplatin, and heptaplatin, has addressed some, but not all of the
limitations of cisplatin.

A pew generation of platinum-based chemotherapy, platimum-acridine hyvbrid agents,
are classical double-stranded DNA intercalators that produce a mono-functional platinum
adduct with guanine nucleobases. This mechanism of action, differing from the DNA ¢cross-
linking produced by the [irst and second-generation platinum dnugs, has shown increased
cytotoxicy and activity in vivo in non-small-cell long cancer. These drugs are able 10 elude
many of the DNA repair mechamisms by decreasing the stractural pertarbations that oceur
apon platination of DNA, as well as have decreased reactivity with sulfur-based nucleophiles,
such as glutathione. The overarching issue with platinom-based chemotherapy (o date is their
inherent, and indiscriminate genotoxicity, resuliing in high svstemic toxicity.

fn an effort to reduce genotoxicily it is mportant to determine cancer-specific targets
and develop platinam-based chemotherapy with decreased non-speciiic binding to genomic
DNA. Classical DNA-targeted drugs employ their cyvtotoxicity by cross-linking,
intercalating, inducing double-strand breaks, groove-binding, sud inlubiting or enhancing
protein-DNA complexes with genomic double-sivanded DNA. New and exciting DNA
targets, which could result iy decreased systenue toxicity, are DNA secondary structures.
These secondary structures, such as G-quadrupleses, triplex DNA, snd bmotifs, could
pravide the key to more selective cancer chemothergpes,

The importance of non-classical DNA secondary structures during transcription has
been demonstrated.  Negative supercoiling of B-form DNA has been shown to cause local
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anwinding, which in the case of the o-Myc oncogene promotor, could allew for G-guadruplex
or ot formation. Due o the limitations of -motif formation, which involve non-
physiclogical condivons, G-gquadraplex formation 1s a much more valuable target to
restitcting gene restriction n this promotor region. Stmilarty, putative G-quadruplex fornung
regions have been found 1 the promotor regions of the Bel-2, o-Kat, RET, VEGEF, Hit-lun,
PDGFA, o-Myb and KRAS genes, all of which have implications in cancer progression. In
addition, putative G-quadruplex forming sequences have been discovered at the telomenic
repeat and in the ribosomal DNA (rDNA) found in nuclenlar organizer regions {(NORs)

Important factors determining specificity (o various types of DNA secondary
structares are geometry and electrostatie interactions. G-quadruplexes, for instance, have an
affnity for drugs contaming an extended aromatic moiety, due to their inherent ability {o
w7 stack with the terminal G-tetrads that make up the G-gquadruplex structure. This fact,
however, 18 also true of agents preferring to intercalate Watson-Crick DNA| due to the
-7 interactions formed with the hvdrogen-bonded bases found in the base-stack. To
arcurnvent this issue with specificity, chemotherapeutic agents must be developed that are
100 bulky to intercatate the base-stack, such as with 2,7-di-tert-butyl proflavine, therefore
shifting s m—x stacking potential to non-classical secondary DNA structures. Derivatives of
ethidium bromide, a classical intercalator of Watson-Crick base pairs, sugzest that
migrealative mnlecules can be alterad to produce G-quadruplex and fuiplex selectivity. Also,
decreasing the positive charge of 8 drug has been shown to decrense its anwanted interactions
with duplex versus G-quadruplex DNA.

One major drawback of platinum-based chemeotherapies (including platinan-
acridines) is their high level of toxiciy when administered systemically, Svstemic toxieity is
the result of unfavorable pharmacokinetic and pharmacodynamic parameters and off-target
reactivity. Dicationic, hydrophulic platinum-acnidines, although nghly effective against solid
tumaors, have two major disadvantages: they are excreted from circulation too rapidly through
the kidnevs (producing high nephrotoxicity) and show indiscriminate reactivity with celludar
DNA leading to a high level of non-specific genotoxicity. Both factors most hkely contribute
to the low tolerabnlity of platinum-geridines as observed m test amimals. Inan effort o
reduce the genoloxieity of a DNA-targeted pharmacophore it i3 important to determing
cancer-specific targets at the nuclear fevell  Classical DNA-targeted drugs produce their
evtotoxicity by cross-hinking, intercalating, inducing double-strand breaks, groove-binding,

and inhibiting or enhancing protein-DNA complexes with genomic double-stranded DNA.
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New and exciting DNA targets, which could result in decreased systemiic foxicity, are
DNA secondary structures. These secondary struchures, such as Grguadruplexes, triplex
DNA, and ~motifs, could provide the key to selective cancer chemotherapy. Important
factors deternuning specificity to various tvpes of DNA secondary structures are geometry
and electrostatic mieractions. G-guadruplexes, a validated cancer targel, for mstance, have a
high afliniy for drugs contaming an extended aromatic motety, due to thewr wherent ability to
w7t stack with the erminal G-tetrads that make op the G-guadruplex stracture. This fact,
however, is also frue of agents preferring to intercalate Watson-Crick DNA, due o the
w7 interactions formed with the hydrogen-bonded bases found in the base-stack. To
circumvent this ssue with speeificity, chemotherapeuntic agenis must be developed that are
meompatible with classical mtercalation into the double~helical base-stack, therefore shafting
thetr m—n stacking potential to non-classical secondary DNA structures,

Brief summary of the invention

Newly designed compounds modeled from the platinume-acridine hvbrid agents will
display increased planar aromatic surface area andéor morsased steric bulk aronnd the
chromophore and a decreased pKa of the endooylic nitrogen resulting i a decressed overall
positive charge.

in an embodiment, the present invention relates fo computational studies and a
modular Bhrary to determine swtable alternatives to classic Pt-acriding hyvbrid agents. The
compounds of the present nvention display newly developed criteria to decrease off-target
bingding and systemic toxwity.  From this prelinunary screening tool, a new Pt-
benziclacridine hybrid agent was developed, which displayed a more favorable pKa and
Lipophilicity, while stsf] maintaiming nesomodar cviotoxicities in highly agaressive NSCILC
{non-small-cell long cancer) lines.  The use of modular librartes n assisting m the
development of platinum cviotoxic agenis is valuable. In an embodiment, the development
of the methodologies described herein have opened a new class of platinum hybrid agents
that have been shown to have promise {or ireafing varivus types of cancer.

In an embodiment, the present invention relates to redesigned platimnn-intercalators
ingo more DNA structure-selective agents while improving thewr drug-like properties m
cirenlation (reduced charge/basicity and increased Hpophibieity). In an embodiment, new
platinum-chromophore hybnid agents, platinum-benz{cfacridines, have been designed,
synthesized, fully charscterized, and investigated for their biological activity n non-small-

cell lung cancer (INSCLL). The compounds of the present invention display a more favorable
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overall charge and lipophilicity for appropriate bioaccunndation and cellnlar uptake when
compared fo the prototvpical platimom-aeridine hvbrid agents (P1~-A1). Both P1-BI and Pi-
B2 have displayed the ability to fold and sreversibly platinate G-quadruplex DNA, which s a
aew target of wterest. Due to their decreased overall charge and increased plangr aromatic
surface area, they have the potential to werease G-quadruplex selectivity over that of P1-AL,
P1-B1, m particular, maintained nanomolar cytotoxicity levels in multiple aggressive NSCLC
lines, much hike the prototype PE-Al. Due to the targeting of cancer-cell specific targets,
such as G-quadruplex DNA and RNA, the platinum benz{c|actidines should be able (o
overcome the lmitations of the platinum-acridine hybrid agents.

Brief description of the several views of the drawing

Figure T shows the conditions and procedure for modalar library screening.

Figure 2 shows the biological activity profiles of 20 compounds based on the cell viabity of
the drog-treated cells compared o the wnireated controls. Compounds were tested n (A)
NCI-H460 cells and (B) NCEHS20 cells meubated at both [pM drug (shaded bars) and
10pM drug (sohd bars} concentrations. Error bars represent the standard deviation of three
separate wells.

Figure 3 shows the effects of non-leaving group on platsum nucleobase binding. {A) The
overall reaction of nucleobase binding was broken down into its kinetic and thermodynamic
components of (B) reversible aguation and (C) wreversible guanine binding. Non-leaving
groups are ammonia {green dotted line), ethyvlenediamine (red solid line), propylenediamine
{vellow dash dot line), and tetramethylethyvlenediamine (blue dashed line).

Figure 4 shows platinam amounis exiracted from DNA and RNA from NCI-H460 cells.

Detailed description of the invention

In an embodiment, the present invention relates o g new freatment for intractable
cancer. In an embodiment, the present invention relates to the discovery of a new platinum-
benracridipe pharmacophore that shows potent activity in visre against several notortously
chemoresistant non-small cell lung cancer (INSCLC) hines.  In an ewbodiment, the present
nvention relates to new types of compounds (P1-Bl and P1-B2) that were modified from
previously reported agents {e.g.. P1-Al). wiich proved to mamiain nanomeolar cytoloxiciy in
NUFH460 NSCLC. The chemical compuositions of P1-Bl and P1-B2 are distinet from thal of
the prototype. The platnone-benzfclondines possess structaral design festures capable of
overcoming the lmitations of classical platimwm-acridine agents by decressing systemic

toxicity.
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in an embodiment, the present invention relates o the compounds of Formula 1, and
pharmaceutically acceptable salts and solvates thereof
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Formula 1

wherein X is halo, OC{OR,, nitrate or splfate;

L

Ry and R are amine groups o together with the platmum atom o which they are
atiached, R, and R, fornm the ring ~NH-(CH 3 -NHe-wherein vis 1,2, 3, or d or Ry and R,
together can be any of the following groups a-h;
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wherein A is H, ~CH;, ~OCH;, CF; or NOy;
10

Ry is -N{Rye}-; wherein Rag 18 hydrogen or C-Cialkyl
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Ry is hydrogen, Cos alkvl, or CH-Ryy;
R is independently an amino, a nitro, ~NHC{OHR ) ~NHCOYO{R 1), ~C{IOWNHR 10,
SOCEOIWNHR 40, or Balo;
Ryp is hydrogen, Cy.q alkyl, phenyl, naphthyl, Cig cveloalkyl, norborayl, or adamantyl;
gisth 1, 00 2;
Rs 18 a direct bond, -NH- or C-Cealkylene;
or Rs and X together with the atoms to which they are attached form a 6- or 7-membered
g, wherein said 6- or 7-membered ring contains g linking group -C{0Y0- or -OC{O)-;
Ry is hydrogen, methyl, ~CH(R ;- ¥R ), ~C{OI0-R 1y, or ~ OC(O)-R 5. wherein
Rz is hydrogen or Ty alkyh;
Rz is hydrogen, Cpp alkyl, -CH(R X Raa), phenyt, naphthd, Cis ovcloathyl, norbornyl,
adamantvl, a natural or unnatural ammo acid or a peplide;
Ryo is hvdrogen or Cye allevl;
R 18 hydrogen, Cg alkyl
Ryis ~H or Usalkyi;
Ry 1§ hydrogen, Crg alkyvl, phenyl, naphthyl, Cirs ovcloalkyd, norhormyl, adamantyl, a natual
or unnatural amine acid or a peptide;
Ry; and Ry are hydrogen, hydroxyl, O alkyl, -OCH; ~CF;, NQy, or either or both of Ry; and
Ry» contain a reactive group on to which a linker and/or one or more of compownd W can be
added;
E is Cj-Cealkvlene;
G and Gy are mdependently N or CRyq
Riq s hydrogen or methyi;
componnd W is one or more anunoe acids, one or mave sugars, polymeric ethers, Csalkviene-
phenvl-NH-C{O}R s, folic gcid, o,5; integrin RGD binding peptide, tamoxifen, endoxifen,
EGFER (epidermal growth factor receptor) antibody conjugates, kinase inhibitors, diazoles,
irigroles, oxarzoles, erlotimb, and mixtures thereoft and
Z is mdependently one or more halo or nitro, or one or more counterions sufficient to balance
the charge of the compound.

In an embodiment, Ry; and Ry are mdependently ~OH, -N,, -COQOH, -CONH;, -
CH=CH,, ~CaCH, «(CH e OH, «(CHi N, (CHiho-COOH, «{CHa b CH=CH;, -
{CH e CECH, A(CHado COURCH .6-OH, ~(CHa 3o {-OCHCH ) 16- N, or {CH -
QCHCH 1~ COOH;
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In an embodiment, Ry and Ry combingd with the linker and compound W are

\ | \\/ ~.
~NH-Ris, Ris -0-Rys. -CH=CH-Rys, -C2C-Rys, o HOOH

COOR 4, -CIONH-R 5, -NHC(O)-Rys, -OC(OINH-R 3, -OC(O)O-Rys, (CH)ye-NH-Rys,
Rys

e

~“{CHylg—N

Ris | (OH3.6-O-R s, ~{CH) Nz, ACH L 6-COOH, {CH2) - COOR 4 08 -
{CH2) - CH=CH-Ry3;
wherain Rz and Ry, are independently selecied from the group consisting of one or more
amino acids, one or more sugars, polvmenc ethers, PAMAM (Poly(anudo
amine}Dendrimers such as carboxyiate-modified PAMAM Dendrimers, PLGA (poby{lactic-
vo-glyeolie acid)), ~triazol-R, 1, Ciealkviene-phenvilene-NH-C{O)-Ry s, folie acid, fatty acid,
and polvunsaturated fatty actd (PUFA), .5 integrin RGD binding peptide, tamoxifen,
gndoxifen, EGER (epidermal growth factor recepior antibody conjugates, kinase inhibitors,
diavoles, trizoles, oxaroles, erfotinb, and maxtures thereot:
wherein Rys 15 a peptide; and
the benzene ring which 13 T is optionally present.

Int an embodiment, the present mveniion relates to the comypounds of Formula 1, and

pharmaceutically acceptable salts and solvates thereol:

H
H
rrrrrrd

7

Formula {1

wherein X is halo, QU R, nitrate or sulfate;
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Ry and R; are amino groups or tozether with the platinum som o which they are
attached, Ry and R, form the ring ~NH~{CH N wherein vis 1, 2, 3, or 4 or By and R

together can be any of the following groups a-h;

Ry
g Ry Ris Ris /

Hszl—\NHz \foﬁ[_\m e /\/\ >_ l —{

8 / \ NH, Ny HaN \NHQ

b ) @ d
Rys
/

RY

wherein A 18 H, -CHy, -QCH;, OF; or NOy;

(€41

R 15 ~N{Roe}~; wherein Ryq 1 hydrogen or C-Cgalkyh
Ryis hydrogen, €y alkyl, or CH3-Ryo;
Ry 15 independently an amino, a nitro, ~NHC{ONR ), ~NHCEHO(R ), -CHOINHR 6,
“OCOMNHR 10, ov halo;
10 Rygis hydrogen, Ci atkyl, phenyl, naphthvl, Cig eveloalkvl norbomvl, or adamanivl;
gisO, 1 or2;
R: is a direct bond, - NH- or C-Cgalkylene;
or Rs and X together with the atoms o which they are attached {orm a 6- or T-membered
ring, wherein smd 6- or 7-membered ring contains a hinking group ~C{ONO- or ~-OCO)-
15 Rois hvdrogen, methyl, ~-CH(R7HRys), ~CHOMO-Rig, or - OC{)-Ryy; wherain
R+ 15 hydrogen or Cie alkyl;
Ryg I8 hydrogen, Cyg atkyl, -CH(R 1o)X Rop), phenvl, naphthyl, Cip oyvcloatkyl, novbornyd,
adamantyl, a natural or unnatural amino acid or a peptide;
Ryq s hvdrogen or Uy alkovk;
20 Rup is hydrogen, Cpg alkyl:
Ry is —H or ~Cyalkyl;
Ro is hvdrogen, Cos alkyl, phenyl, naphthyl, Cis cveloalkyl, norbormyl, adamantyl, & natural

or unnatural anino acid or a peptide;
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Ry and Ry» are hivdrogen, T alkyl, or etther or both of Ry and Ry; contain a reactive group
on to which a linker andfor one or more of compound W can be added;

E is Cy-Canlkvlene;

GisNor CRuw

Ris 13 hydrogen or methyl;

compound W is one or more amine ackds, one or more sugars, polvimenc ethers, Cigalkyvlene-
phenyENH-CHO MR, 5, folic acid, a.fs integrin RGD binding peptide, tamoxafen, endoxifen,
EGFR (epidermal growth facior receptor) antibody conjugates, kinase inhibitors, diazoles,
triazoles, oxaroles, erlotinib, and mixtures thereof: and

the charge of the compound.

In an embodiment, Ry and Ry are independently ~OH, -N;, -COOH, -CONH;, -
CH=CH,, -C=CH, {CHa -0, «(CH) 4Ny, (CH ) o-COOH, CH ) CH=CH,, -
(CHadpCaCH, {CH )0 (-OCHCH he-OH, -(CH)oa (-OCHCH 6N, or -(CHadpaf-
OCHCH Y- COOH;

In an embodiment, Ry and Ry; combined with the linker and compound W are

Rqz

) '\s
/ s Rany
i
{
i

N «if""'\,*<
\ \\ E‘ﬁ\

~INH-Ris, Ria s AR, OH=CH-Rys, -CaC-Ras, \"‘13;?\"‘3, ~-COOH,
~COOR 1, ~COMNH-R 4, -NHCORR 11, -OC{OINH-R 1, -OCIOY0D-Rys, -(CH e NH-R 5,
Rya

~(CHglyg=—N

RM . -{Ci‘i;}}}.(x-()'}zgz? '{‘CH}_}%&'N}, -(f?ff“}pwfﬂ@ﬁ -(CHz}g.g-{?@ﬂRm -
(CH), - CH=CH-R,
wherein Ry and Ry, are independently selected froms the group consisting of one or more
aming acids, one or more sugars, polvmeric ethers, PAMAM {Poly(amido
amineNDendrimers such as carboxviate-modified PAMAM Dendumers, PLGA (polviiactic-
co-glyeolic acid)), -triazol-Rys, Crealkvlene-phenylene-NH-C{O}-R s, folic acid, fatty acid,
amd polvunsaturated fatty acid (PUFA), o.B; integrin RGD binding peptide, tamoxifen.
endoxifen, EGFR {epidermal growth factor receptor) antibody conjugates, Kinase inhibitors,
diazoles, trinzoles, oxazoles, erlotinib, and mixtures thereoll

wherein Ris 18 4 peptide.
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in an embodinzent, the variables of formula 1 andfor 1 may be any of the follows: Bj
oy be «N{Rasd-, wherein Roq 15 Cyaalkyd or bydrogen. In a vartation, Y may be ~CHa~ Ina
vartation, Ry and R» may be amino groups or together with the platinum atom to which R,
and Ry are attached are ~NH-CHo-NHz~. In a variation, the counter ion Z comprises NQOx. In
a further variation, Rz mav be -NH- or -CHz- 1n a further variation, Rag may be hydrogen oy
methyl,

in an embodunent, the variables of fornuda 1 and/or 1T may be any of the follows: Rg
may be NO:; or halo, or NQ; or -F. E may be C;alkvlene or methylene or ethvlene, R: may
be NH or NCH;. Rs and R+ together may be Csalkyl or methyl or ethyl. Remay be Hoor
CH: X may be chloro or fluoro. Rs and Ry may be anuno groups. Ry may be -H or ~-CHa.
G and G may both be CH or G and Gy may both be NU Ry may be hvdrogen or methyl.

in an embodiment, the present mvention relates to the compounds shown below in
Table I, and pharmacentically acceptable salts and solvates thereof.

In an embodiment, the present invention relates to:

{1 new platimun-chromophore hybrid agents capable of producing nancnolar
evioloxicity m several aggressive NSCLC hnes and possessing the ability to bind to non-
classical DNA secondary structures, such as G-guadruplex DNA.

{ity  chemical compounds containing favorable geometric and electrostatic
properties capable of overcoming hmiiations of current platinum-based chemotherapy,
mainly systenuc toxicity.

(i} structurally new and previously undisclosed platinum-chromophore hybrid
structares comtaining extended aromatic chromophores, including but not limited to, P1-Bl
and P1-B2, have been designed and synthesized.

{iv} compounds that display a p33 mdependent cell-kill mechanism, which difters
from the pS3-dependent cell-kill mechanism denmonstrated by other prototypes and cisplatin,
P3-Al.

{v}  Selective recognition of G-quadruplex DNA, as displayed by induced circular
dichrotsn {(ICD), wih P{-BY and PI-B2, which was not previously displaved by the
profotype, P1-Al.

I an ambodiment, the present invention relates {0 pre-screen volving a plarality of

dertvatives of platiman-benzacnidine hybrid agents that bave been tested by vitre W two

NSCLC Imes.  These apents have been fested in structure-activity relationship studies

comparing their cyiotoxicily o the previousty deseribed platimam-acridine hybrid agents (P1-

10
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Al Compound P1-Bl mamntaingd nanomolar oviotoxicity afler 72 houwr incubations in
exfremely aggressive NSCLL models.

The Platinum-based compounds of the preseni mvention may also be used against
senouringl (bladder, ovaries, testes) cancers and carcinomas of the head and neck, as well a5
colon cancers.  Although the compounds of the present mvention may also show promise
against these various cancers and carcinomas, the compounds of the present nvention show
an altered spectrant of activity compared to previous drugs used against these various cancers
and carcinomas, the compounds of the present invention also show excellent activity in
cancers insensitive to the clintcal platimums of the prior art.

In an embodiment, the present invention discloses methods of treating cancer in an
individual in peed thereof by the use of a compound of Fornuda L or 1L

in a variation, the compounds of the present invention can be used for fraating
diseases of abnormal cell growth andior dysregulated apoptosis, such as cancer,
mesothioloma, bladder cancer, pancreatic cancer, skin cancer, cancer of the head or neck.
cutangous or intraccular melanoma, ovarian cancer, breast cancer, utering cancer, carcinoma
of the fallopian tubes, carcinoma of the endomeirivem, carcinoma of the carvix, carcinona of
the vaging, carcinoma of the vulva, bone cancer, ovarian cancer, cervical cancer, colon
cancer, rectal cancer, cancer of the anal region, stomach cancer, gastrointestinal {gastric,
colorectal, and duodenal), chwonic lymphocoytic leukenma | esophageal cancer, cancar of the
small intestine, cancer of the endocrine system, cancer of the thyvowd gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, testicular cancer, hepatocethular cancer (hepatic and bilhary duct),
primary or secondary central nervous system tamors, primary or secondary brain timors,
Hodgkin's disease, chrowie or acete tenkemias, chromie myeloid lewkemia, hvmphocytic
lymphomas, hymphoblastic leakemia, follicular lymphoma, lymphoid mahipnancies of T-cell
or B-cell origin, melanoma, multiple myeloma, oral cancer, ovarian cancer, non-small cell
lung cancer, prostate cancer, small cell lung cancer, cancer of the kidney and weeter, renal cell
carcinomy, carcinoma of the renal pelvis, neoplasms of the central nervous system, privaary
central nervous system hymphoma, non-Hodgkin's ivinphoma, spinal axis tomors, brains stem
ghoma, pilutiary adenoma, adrenccortical cancer, gall hladder cancer, cancer of the spleen,
cholangiocarcinoma, fibrosarcoma, nearoblastora, retinoblastoma, or a combination thereol.

& varigtion, the compounds of the present invention can be used in the reatment of

non-small cell {ang cancer, pancreatic cancer, breast cancer, and ovarian cancer.
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Alternatively, the compounds of the present ivention can be used 1n the treatiment of non-
small cel] tung cancer, pancreatic, and ovarian cancer.

In an embodiment, the compounds of the present mvention also have potential
gpplications as antiviral and anti-Alzhetmer’s drugs.

Thus, i is conterplated that the compounds, compostiions and methods of the present
mvention may be wseful for first- anddor second-hine treatment option for cancers that are
inherenily reststant, or, have become resistant to chinical therapies, especially classical
platimam drugs. The compounds of the present invention may provide ap avenue o solve the
argent need for mechanistically novel drugs for the Iife-prolonging/corative treatment of
NSCLC.

- Salable: a drug preparation (reconstitutable powder, saline sohstion)
Computational Studies of Design Elements

Compgational studies on both the chromophores and platimans were conducted o0
determine suitable modules for the combinatorial library. Chromophores with 2-3 aromatic
rings and 1-2 protonable endocvelic mtrogen atoms (Chart 1) were studied to detenmine their
free energy of protonation {Table 1). Since the goal was to decrease the overall charge of the
final platinum-~chromophore hybrid, chromphores possessing a move-positive free energy than
9-methylaminoacridine (2) were considered “hits”.  From the hst of available “hits™,
unsubstituted and witro-subsituted benz{clacridines, and quinoling were chosen as modules in
the combinatorial hbrary due to feasmbiliy of synthesis.  These chromophores were
hypothesized to have a lower pKa than the acridime chromphore.

The below chromophores were used i computational screening with the protonation
sttes studied highhighted.

Thus, in an embodiment, the present tvention relates to the chromaophores in chart |
that can be added to a platimumn containing moiety that makes up compounds,
pharmaceutically acceptable salts and solvates. In one embodiment, the present mvention
relates to the chromophores in chart 1 that can bave a platinum containing molety added to #
that makes up the compounds, pharmaceutically scceptable salis and solvates that gre

represented by chromophores 3, 3a-d, 4, 4a-b, 5, 3a-b, and 6.
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Ha: Ry=F, Ry=H
&h: R«iaH, RzzF

7 4 R=R,=H e
da: Ry=F, Ry=H
A R»;:"H, RzaF

Chart }

Table 1 shows the free energies of profonation of each chromophorg with BFT

PCT/US2015/020635

L ,l ‘\I

\f’ 3 Ry=R=H
3a: Ry=F, Ry=H
3b: Ry=H, Ry=F
3 R‘;ENOE, RggH
3d: Ry=H, Ry=NOQ,

"""'\

optimized geometnies 1 a self~consistent reaction field with the dieleciric constant of water.

Chmmephare ‘ﬁﬁprotmaﬁan

ki/mol

3d -139.94
3c -340.86
4a -342.93
4b -143.08
& -145.80
4 -149.74
3a ~151.4Q
3b -154.57
3 -158.40

1 -170.06

Z -174.02
Sa -177.83
5b -180.58
5 -184.44

Table |
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The platinum modutes were evaluated by defermining the kinetic and thenmodynamic

properties assoctated with both ageation and nuclechase binding with vartable non-leaving

amine groups (Chart §1).
f/"‘\
(k
R*F;t*Cl
NH

7.4: R=NH,
8.1: R“NHQ{CHQEN Hz
9.1: RENH,(CHJNH,
16.1: Rafcﬁs}QN{GHﬁzN{CHa)z

7.3: R=NH,
8.3: R=NH,{CHa}oNH,
9.3: RENH,{CHZ): NN,
0.3 RQ{GH:;}QN{CHE)QN(CH_%)?

7.5: RaNH;,
8.5: RSNHE(CH 3}2NH2
9.5: ReNH,{CH,}oNH,
18.5: R={CH3)NICH}N(CHa),

a/“\ 34 ('"‘”\
U g OFe
LN T
?EQH DHIZ NH G{N7}
Ty RN
b NT O™y
. ]

7.2: ReNH,

8.2: RaNHzchzlzNHz

9.2: ReNH,{CH,)NH,

10.2: R=(CH,),NCH ), N(CH)s

7.4 R=NH,

8.4: R= NH2{83H2}2N Hz

9.4: R=NH,{CHZ)NH,

10.4: R={CH,),M{CH.),N(CH,),

Chart 51

To decrease non-specific binding with deplex DNA,| a slow aguation and nucleobase
hinding was preferable, so that the chromophore directs subeellular accumulation. Due to
this hypothesis, it was determiped by the energy diagrams of all platimun models (Figure 3)
that the N N N N -etramethylethane-1 2-dismine non-leaving group would have the
slowest overall aquation and nucleobase binding, whereas the 1 3-diaminopropane non-
leaving group was the fastest in both processes. Due o synthetic feasibility, all four plabimum
madels studies were used as modules in the combinatonal hibrary.

Syvathesis of Chromophores

The quinoline and acridine chromophores with the appropriate dimmine likers were
synthesized from their phenoxy precursors similar to those previously described in literature.”
The benz{clacridine demvatives {Scheme 1) were synthesized by ublizing the appropriate
substituted o-chlorobenzoic acid with I-napthylamine via an Ullman condensation, This
product was then cyclized by phosphorus oxychloride. Due (o activation of the 7-position of
the mitro-benz{clacridines, the amine could be added using the 7-chloro or the 7-phenoxy
intermediate.  In the case of the wnsubstuued benzfclacridine, however, reactivity was

significantly decreased which only allowed for substitution of & boc~-protected amine Hnker to
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the 7-phenoxy precursar. When uaprotected amine linkers were used, substitution occwrred
at both the primary and secondary amines.

Scheme 1 shows the synthesis of vanous Benz{clacndine Chromophores

HN\L
3“NH
HO0E g, ) f “ . AR e ,l s
/ﬂ\ P /[\ &I\ ,., \ fj[ L -f/‘ \, ?\I\
lg ]’ ﬁ 2 E NG,
B1.1: R1=R2=H 812 Ri=R2ZEH \/ B3
B2.1: R1=NOZ, R2=H B2.2: R1=NO2, R2=H
B3.1; Ri=H, RZ=NO32 B3.2; R1=H, R2=NO2
lﬁ
| |
HN._ Py HNL
Ej‘fﬂ L\\\ f[l\o ]\
/"><>\ SN e RN \’\ e Ry -y -' T Uy NDZ
- i o N;; . z;"J ’[[ ""]; -.’51 5 “R /’L,, /,‘[\ ’J\ =5
~ ~ 2
&A\ .,;;}[ [\\,;;J ﬁ\\ _,;;f.‘»
B1 B13: R1=R2=H B2

B2.3: R1=NQ2, R2=H

Scheme 1 Reagents and Conditions: {a) POCH, 80%. (b} (1} N-methylethyvlenediaming,
droxane, refling, (2) 2M NHOH (o) NaOH, phenol, 120C, (d) {1) Nemethylethvienediamine,
dioxane, reflux, (3) 2M NHOH, {e) (1} tevt-bonel 2-amnoethyD{methylcarbamate,
triethviamine, dioxane, reflox, (23 HOVHAC, (3) 2M NaOH

Scheme 2 shows another exemplary scheme for making other compounds of the

present mvention. Please note that the platinum-containing moiety can be modified to insent
whatever desired moiety is wanted. It should be understood that other methods of makmg the
compounds of the present invention are contemplated aud within the scope of the present

INveniion,
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Scheme 2

Scheme 3 shows another synihetic scheme to make additional compounds of the
present favention. As 1s the case with scheme 2, please note that the plahinom-containing
moiety can be modified to msert whatever desired moiety is wanted. It should also be
understood that other methods of making the compounds of the present invention are

counternplated and within the scope of the present invention.
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Scheme 4 shows another synthetic scheme 1o make additional chromophores that can

be used to make the compounds of the present invention. As 15 the case with schemes 2 and

3, please noie that the platinem-containing motety can be modified to fosert whatever desired

moety is wanted, It should also be understood that other metheds of making the conmpounds

of the present invention mre contemplated and within the scope of the present invention.
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NH, HOOCD ”
< e B
0

Cu Powder

K00,
Pentanol
Reflux, 24h
POCES
80C, 1h
- Ci
Phenol
NabDH

N-methylethylencdiamine

Scheme 4

Modular Library Assembly and Pre-screening

Afer synthesizing the chromophore and platinun: modules {Chart 2), stock solutions
were made in anhvdrous DMF and combined (Figure 1} to create twenty unique Pt-
chromophore hybrid drags.

Chart 2 shows Platmum (P) and Chromophore {Q, &, B) Modules for the

Combinatenal Library

E G ~ EC! E"A ) 1t W ing,
H3N tNH5 HoN, - NH, Hg ‘P{NHQ N
2t M
a” N T N o N
>N N \\\ \\\ %\K
p1 pz ™ P2 Ps
! f |
HN ~ HN’\-. HN, HN, HN.
NH TNH “NH N “NH
R . s o i~\* 2 S o N Wt ’“i\/ PN No:ﬂ oL X
‘?‘ \v \1 [" \:\\\:x \}E»’ R ¢ TSy Ty = G \55' “Q}-' \\‘ e Ry \\\\:—“’ Xy
) \///.\N{:} ~ ,.«z\ Nw)\\ i F,-ji\ Pa Nf:-'vs\\}-‘:}‘j g_;_,«-si\_.»" ~. N'.i‘:\\:-;?s - ,/3-:\ Py N;"\ /jj\N O,
h 2 5\:\ e . =Lt\ 2
at At e < B2 B3
Chart 2

The crude reaction mixtares were diluted to the appropriate concentrations with wedia
and tested for cytotoxicity in NCI-HS22 (squamouns cell) and NCEH460 (Jarge celll non-
small-cell lung carcinomas {Figure 2). As expected, the previously described Pi-geridine

hvbrid agenis” (A1) displayed the greatest cell-kill ability when compared to the quinoline
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and benziclaondine chromophores.  There ware, bowever, two chromphores that
demonstrated sinnlar cytoxocity v both celt Hoes, which were Bl and B2, The platinum

motety P was chosen as a compromuse between i vitro cytotoxicity and predicted kinetic

properties from the computational studies. Even though P4 displayed the slowest, and most

favorable, aguation and platination from computational studies, # seems that i 15 (oo slow (o
have acceptable cell-kill ability in vitro,
Determination of Platinum Content Associated with Nucleic Acids in NCI-H460 Cells

To deternming the platimum content of nucleic acid material, DNA and RNA was

extracted and purified from cells using the Qiagen AlfPrep DNA/RNA Mini Kit ({hagen,
Alameda, CA, USA). 1.5x10° exponentially-growing NCI-H460 cells were seeded into 60~
mm cell culture dishes with 2mb of media and were allowed to attach for 24 hours, Cells
were incubated i the presence of 1aM PI1-Al or P1-B1 at 37°C for various time infervals.
Incubations were performed in triplicate for each incubation condition / time point. To
quench the mcubations, cells were washed three times in cold PBS. The cells were harvested
vig trypsinization and removed from the dishes with successive washes of cold PBS. Call
suspensions were cenirifuged al 1500 rpm for Snun at 4°C. The cell pellet was re-suspended
in 3mbL of cold PBS and centrifuged at 1500 vpm for Smin at $°C. The supematant was

removed and the DNARNA was extracted from the pellet according to the protocol provided

by the mamufacturer. The concentration and purity of each sample was deternuned

spectrophotometnically {iriplcate readings at 260 and 28Gmm).

Platinum content was deternuned by ICP-MS.

The results of these experiments are shown in Figure 4. The platinum level observed
in the DNA of P1-B1 treated cells was not statistically significant from that found in the
control cells (p > .05} ot both time points. The platinum level observed in the RNA of P1-
B1 at 3h was statistically significant {p < 0.05). This suggests that the addition of a benzene
ring to form a benpracndine chromophore shifts the target of this platinam-hybuid agent away
from DNA, potentially to RNA.

P1-B1, g platinum-benzacridine hybrid agent, retains the ability 1o nlubit RNA
transcription and induce submicromelar cytotoicity in aggressive cancer cell lines simudar to
the prototype PI-AT, PLBI retains these desirable features without causing the extensive
DNA damage observed for the acridine-based prototypes, as well as platinum-based

chemotherapies in the clinic. This suggests the ability to overcome the potentially dose-
finmting genotoxicity caused by platinum-based chemotherapies and suggests a more

o OF St

selective targeting mechanism for cancer cefl kill.
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Re-synthesis and Physicochemieal Characterization of Target Compounds

Alfter thorough assessment of the cviotoxicity reselts of the combinatonal library, 1t
was determined that P1-AY (control), P1-BI, and P1-B2 would be the best Pi-chromophore
hvbrid drugs to resynthesize and fest in vive 10 determine structure-activity relationships.
These three drugs contain the same ammonia non-feaving amine groap on the platinum and
only differ 1 the chromopbore size and substituents. The pKa of the three Pt-chromophore
bybrid agents (Chart 3) agreed with the conmputational results, which indicated that the pKa
of P1-B2 would be the lowest and PI-AT would be the highest,

Chart 3 shows Final platimam drugs with pKa values

: Hng{NHa L or ] HSNIP{NHS e i HSN‘P{_NHS jor
e o N
.-X"N‘\: }{N\L

SN

NH
qu"ﬁ ,,/E.;\\\:[,'\\\\] > NOQ
N "NA" \5"‘/

3,;\\::;:;45
P1-A1 P1-B2
pKa=9.4+/-0.2 pKa = 7.6 +/-0.3 pKa =49 +/- 0.6

Chart 3

Cell Culture Studies

Alter successful synthests and purification of P1-Al, P1-Bi, and P1-B2 was
completed, each drug was tested for its cell-kill ability in five non-small-cell lung cancer cell
limes (Fable 2). The chromophore nyodules alone were tested m NCI-HAG0 and NCI-HA32G
cells and demonstrated that the bengclacridine chromophores were more cviotoxnic thay the
acridineg chromophore, with the unsubstiued benzjclacnidine {(B1) vesulting i the greatest
cytotoxicity, which displayed an ICs value in the sub-micromplar range in NCI-H460 cells
after a 72h meunbation.

When observing the structure-activity relationship of the platinom bhybeid agents, 1t is
important 1o note the increased cvtotoxicy wpon addition of the platimum module. In the
case of PI-Al and P1-B1, the plannom drugs performed significantly better than the
chromphore alone.  Also, P1-A1 displays significantly increased oviotoxicity in cell lines
containing wildivpe p33 (NCI-H460 and AS49) versus cell Hines containing mutant p33 (NCI-
HA20, NCE-HA22, and NCIHI433), This wrend, however, is not observed for P1-B1, whieh

consistently displays 1Csq valpes around 100-50¢ nanomaolar, except for i the case of NCI-
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H143%, which is an extremely repair-proficient eell line.™ This data would suggest that P1-
Al and P1-B1 accomplish cell-kill via different mechanismas from each other.
Table 2 shows 1Csq valoes from the SAR study

I (M} 2 8D°

Compogmd
NCE-Hdet NCEHA28 NCI-HER2 NOI-H 1435 A349

Al AL S 34203 & & b

B HHACE S8 1 L4013 b & &

B2 208 % 0.04 3354008 b k e
Pi-Al 800520 £ 0.00006 G043 £ 0.004 GG & 0007 884 %007 {30063 & 0.0002
PFi-B1 024 2 001 .56 2 0009 0122402 P47 R 0.009 322000
Pi-B2 24845 22300 162 2008 P02 124200

*Concentration of compound that reduces cell viability by 30%, determined at 72h of drug
incubation using the MTS (3-(4 S-dimethyvltuazob-2-y1)-5-(-carboxymethoxyphenyt-2-{4-
sulfophenyl}-2H-tetrazolium) assay. Values are means of duphicate expermments & the
standard deviation. "Compound not tested in this cell line.

Table 3 shows the various 4-ringed chromophorves that can be made by using the
starting materials that are present at the top and the left hand side of table 3 using the
synthetic methods {or appropriate modifications thereofs of the svnihetic methods that are

present i the various schemes presented herein.
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Table 3

EXPERIMENTAL SECTION

Reapenis and lnstrumentation.

All reagents were used as obtained from conunersial sources without further
purification unless indicated otherwise 1H NMR spectra of the target compounds and
intermediates were recorded on a Bruker Advance 300 or a Bruker DRX-300 mstrument
operating at 300 or 500 MHz, respectively. 13C{THINMR spectra were recorded on o Brukey
Advance 300 or a Broker DRX-500 instrument operating at 735 or 1238 MHz, respectivelv.
Chemical shifis {3) are given i parts per million {(ppm) relative to the wternal standard
tetramethylsilane {TMS). In-line LC-ESEMS (High-perfonmance Liguid-chromatrography

glecirospray-1onization mass spectrometry) analvses were performed on an Agident 1100

22
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LCMSD 1on trap mass spectrometer equipped with an electrospray ronization soarce. High-
resohition mass spectrometry (HRMB) was performed on a Thermo Scientific LTQ Orbivap
XL equipped with an electrospray 1onization source. Al NMR and LOMS spectra were
processed using the MestReNova Suite version 8.1.2 equipped with MS plugins. HRMS data
was processed with Xcalibur 2.1 {Thermo Scientific). For the preparation of liological
buffers, biochemical grade chenncals (Fisher/Acros) were used. HPLC grade solvents were
used for all HPLC and mass spectrometry experiments. All reagents were used as obiained
from commercial sources without further purtfication valess mdicated otherwise. Stock
sohations of platinum complexes in DMF (DMSQO for P1-B2) were stored at -207C and
thawed mmmediately before use.

Computational Studies.

All chromophore models were built using the Gaussview? progranm. 30 The
optimization and single-point energy calcolations were performed with the Gaussian (39
(GO9) software package. All geometnies were fully optimized in the gas phase at the
gracient-corrected DET level using the spim-unrestticted BILYP functional and the 6-
3T1GH™ basis set. Vibrational frequencies were used to confirm that the optimized structures
had converged to their local mininma and the equilibrnium structares contained no imagiary
frequencies. Single-point energy calculations were performed using the self-consistent
reaction field (SCRF)Y approach to apply a constant dielectric constant of e=7R 3353 for water.
Al platinum models used for kinetic/thermodynamic studies were built, optimived, and
calculated according to previously published procedure.7

Combinatonal Library.

Stock solutions of the chromophores (Q1, Al B, B2, B3} and the platimam-nitrile
complexes (P, P2, P3, P4) were made in dry DMF at o concentration of 300mM. 20al
aliguots of the chromophore stock solutions were added to {.6mL micro-centrifisge tubes and
cooled to -20°C. The platinum-nitrile stock solations/suspensions were homogenized by
pipetting and added divectly to the cooled chromophore solutions in 20k aliquots. The 11
mixtures were incubated at 4°C for one week in g shaker. After 1 week, aliquots were taken
from each sample and senal diluted to resalt m a 1 5pM solution in methanoed and U.1% (viv})
formic acid. In-line LO-EREMS was used to detenming the percent convearsion for each
pnere-scale reaction using a 2.1x30mm Rapid Resolotion ZORBAX StableBond C-18
(3.5} column, which was maintained at 40°C. The LC-ESI-MS was performed on an
Apttent HOOLC/MSD 1on trap mass spectrometer with an autosampler thermostatted at 4°C
at the appropriate separation and jonixation conditions for each sample.
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A solutton of Q1.1 {303 .6mg, 2.277mmel, teq), tert-butyl (2~
aminoethyD{methyDearbamate {773 3mg, 4 434mmol, 2eq). and freshly disnilled
inethylamine (1ml) in anhvdrous dioxane (ImL) was stirred at veflux for 72h. The dioxane
was removed by rotary evaporation and the remainimg residue was sttrred overnight i 4M
HCL Solution was basified with sodiam hydroxide and extracted with chloroform. The
chloroform layer was washed with brine and 2M NaQH before drying over sodiuny sulfate
and activated carbon. The chiloroform layer was filtered over celite, and the filtrate was
evaporated and dried to vield a pure hght vellow o1l (273 .3mg, 60%, 295% by LC-ESEMS).
TH NMR (300 MHz, DMSO-doy 8 838 (d, T =53 Hz, THL 829~ 8.4 {m, 1H}, 7.90 - 7.7
{mm, TFD, 759 (ddd, J =83, 6.7, 14 Hz, FH), 7530732 (m, TH)L, 704 (5, 1H), 647 (d, I =
S4Hz HHL 335 =065 He, 2HL 279 (1, V= 6.4 Hz, 2HD), 2.34 {5, 3H). 130 NMR (75
MHx, DMSQ-d6) 8 150,58, 149 85, 148 20 12892 12855, 12364, 12151, 11874, 98 10,
49 36, 41.95, 3575 UV-Vis (BPES Buffer, pH=7.2 with 1% SDS): Amax 339, e=13,008 M-1
cm-1.

Ni-thenzolclaondin-7-vD-NZ-methvlethane-1 2-diamine (B 1),

A solution of B1.3 (817 8mg, 2.856mmol, feq), tert-butyl (2-
amincethvD{methyhcarbamate (777.6myg, 4.463mmol, 1.6eq), anhydrous tristhylamine
(400ul., 2. 868mmol, Teg) i 2ml. anhydrous dioxane was stirred al seflux for 3 days. The
solvent was removed by rotary evaporation and the remaimng residue stivved overnight in
4mb of a 3:1 mixture of concentrated glacial acetic acid and concentrated hydrochloric acid.
The acid was removed by rotary evaporation and the residue was newtralized with 2M NaOH.
The vellow precipitate was extracted mto chloroform and washed with brine and 2M NaOQH.
The chloroform laver was dried over sodivm sulfaie and activated carbon and filiered over
celite. The chioroforny was removed by rotary evaporation to vield g pure brown o, which
was dried in vacue {778my, 90%, >95% by LC-ESEMS) TH NMR {300 MHz, Chloroforn-
d}d 9.54 - 941 {m, 1H), 832818 (m, 2H), 801 (d, T =84 Hz, 1H), 7.87 - 7.53 {m, SH).
747 (ddd, T= 8.3, 6.7, 1.3 Hz, 1H), 6.08 {5, TH), 3.84 — 3.73 (1. 2H), 2.94 — 2.84 (m, 2H),
253 (s, 3H). 13C NMR {75 MHz, DMSO-d61 8 15123, 147.50, 147,23, 133,38, 131.27,
12047, 120,40, 12855, 12736, 12641, 12494, 12331 123327 12308, 121.67, 118.09,
12,67, 531,42, 49,02, 3566, UV-Vis (BPES Balfer, pH=7.2 with 136 SDS) Amax 427, g =
10071 M1 omet

Ni-methvi-N2-(Q-nitrobenrolclacridin-T-vllethane-1 2-dianune (B2},
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A suspension of B2.3 (298 2myg, (.814mmol, leg) and N-methylethvienediamine
{0.150mi., 1.7 20mmel, 2. 1eq) was stimed at reflux in 10mL of anhvdrous dioxane for 24h.
After cooling 1o RT, the dioxane was removed by rotary evaporation and the residue was
suspended m 2M NaOH. Afler 2 hours of stirring, the dark red solid was collected by vacoum
filtration and washed with 2M NH4OH to afford a pure red solid (280mg, 99%, 2953% by LC-
EST-MS). TH NMR (300 MHz, DMSO-d6) 5 947 (d, J = 2.5 Hz, 1H}, 9.30(d, J = 7.7 Hz,
FHY, 836 (dd, J=94, 24 Hz, 1HL 819(d I=94 He, TH), 810, T =94 He, [H), 801 -
792 {(m, 1H), 7.85 - 7.66 (m, 3H), 3.96 (1, 1 =63 Hz, 2H), 293 {0, T = 6.2 Hz, 2H), 2.33 (s,
3H). 13C NMR (75 MHz, DMSO-d6) 8 153,42, 14957, 149,19, 141.41, 13398, 130.76,
130,65, 12936, 12749, 12674, 12539, 12387, 122.56, 12235, 121,10, 114.94, 11193,
S0.96, 48,58, 35,62, UV-Vis {(BPES Buffer, pH=7.2 with 1% SDS): Amax 441, g = 4,851 M-1

!’~J

:9

;-..\

cm-1.

Ni-methvl-N2-{10-nitrobernzolclacndin-7-vDethane-1 2-diamine (B3),

A suspension of B3.2 (251.0mg, 0.8 4nunol, leq) and Nemethylethylenediamine
{0.141mL, 1.617mmol, 2eq} was sttrred at reflux m 4ml of anhydrous dioxane for 24h. After
cooding 10 RT, the dioxane was removed by rolary evaporsiion and the residue was
suspended i 2M NaOH. Afler 2 houwrs of stiming, the dark red sohd was collected by vacuum

fitration and washed with 2M NH40H. This solid was dissolved in CHCI? and washed with

brne, followed by 40 NH4OH o remove excess N-methylethylenediamine. The organic

laver was dried over Na2804 with activated carbon and filtered over celite. The chiloroform
in the filtrate was removed by rotary mf.';qmrati.on. and the renwaining solid dried in vacuo to
afford the pure red sohid {228 5mg, 81%, 205% by LC-ESE-MS). TH NMR (300 MHz,
DMSO-d6} § 9.39 ~ 923 (m, 1H), 82 (4, T = 2.5 Hz, 1H), 865 (d. = 9.4 Hz, 1H), 831 ~
K02 (m. 2H). 804~ 7.87 (m, 1H), 7.88 ~ 7.6% (m. 3H). 3.87 (L. J = 6.2 Hz, 2H), 2.86 (¢, =
6.2 Hz, 2H), 2.30 (s, 3HI3C NMR (75 MHz, DMSO-d6) & 13131, 148.K7, 147 48, 146,22,
13337 130075, 12925, 137534, 12691, 12621, 125 14, 125.06, 12470, 121.23, 120,30,
PES. 16, 11334, 51.22, 4880, 35,64, UV.Wis BPES Buffer, pH=7.2 with 1% SDSY: 2max
403, £ = 6922 M-1 om-1.

FRCHINHZIN-(2 {acnidin-9-viaminoYethvl - Nemethyvipropionimidanide ) €1 P1-AlL

A solution of P (106 7mg, 1.302mmol, Teg.) and Al {&1.2mg, 0.323mmod, 1.leqi in
2ol of anbvdrous DMF weas stoved at ~20°C for 72h. Activated carbon was added to the
DMF solution, which was then filtered through a 0.2um menibrane inio vigorously stirring
diethyl ether. The vellow precipitate was recovered by vacum filtration, washed with
diethyl ether, and dried n vacuo 1o afford a pure vellow solid {161.9mg, 88%, 295% hy LC-
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EST-MS). TH NMR (500 MHz, Methanol-dd) 3 825 (d, I = 8.6 Hz, 2H), 7.92 - 7.55 (m, SH),
TAS (3= 9.6, 7.5 Ha, 2H), 4.06 (4 F = 6.4 Hz, M), .74 (4 1= 6.3 Hz, 2H). 3,19 - 2.86 (m,
SH). 127 (1 3 = 7.5 Hz, 4H). 130 NMR (75 Mz, Methanol-dd) § 17162, 155.25. 132,36,
12924 126,62, 12396, 123 66,2908, 1153, HRMS {(ESI - positive-ion mode} wix for
CI9H2BCINGPE M+, Cale: 370.1706; Found: 570.1073; Tolerance: 3.549 ppm.
{PHCHINHIZINA2 (benzolclacridin-7-vlaminoethyD-N-methylpropiommidanude )] C1 (P 1-
Bly

E=a.N sy

A solution of P (251 3mg, 0.70Immol, leg) and BI {324 8mg, 1.018mmol, 1.deg)
in 1.5mL of anhydrous DMF was stivred at 4°C for 4 davs, after which it was slowdy warmed
to room temperature and allowed to sty for an additional 24h. The DMF was removed by
vacwn distitiation in @ 33°C water bath and the resulting brown residue was dissolved in
minimal anbydrous methanol and stirred with mimmal activated carbon. This mixture was
filtered through a 0 2um membrane into vigorously stirring diethyl ether and allowed o stir
for 24k, The yellow precipitate was recovered by vacuum Hliration, washed with diethyl
ether, and dried in vacuo to afford a yellow solid (3858 2mg, 83%, 290% by LC-ESI-MS)L A
smatl sample of this solid was further purified for biotogical testing by dissolving in
anhydrous dichloromethane, filterig through celite, and recovering the solid from the filrate
by rotary evaporation (293% by LC-ESE-MS). TH NMR (300 MHy, Methanol-d4) 4 9.24 {d,
F= 33z TH), 8353 - 822 0m, THY 823 - 8102 {m TH), B00 (4, T =03 Ha, 1HYL 702 -
FI¥m, 1M, 779 - 743 (m, SH), 387 {1, T =66 Hz, 2H), 3.66 (1, T = 6.6 He, 2H), 292 {d,]
=353 Hz, TH), 1.22 {t. 1= 7.6 Hz. 3H). 13C NMR {126 MHz, Methanol-d4) § 16994,
151.27, 147.66, 134,07 12971, 128,69, 12836, 12748, 12656, 124.82, 124,32, 124,07,
122,59, 120,54, TIRTHE, 1E3.90 10019, HRMS (ESI - postiive~-ion mode) méz for
C23H3OCINGPL {M ]+, Cale: 620.1863; Found: 620.1863; Tolevance: (.134 ppm.

FPHCHONHDZON -methviNA2-(S-nitrobeazol o lacndin-7-

vhanune lethvDropionmidamdde ] O« 173 DMF (P1-B2).

A solution of P1 (202 .8mg, 0.572nwwol, leq.) and B2 (286, Tmyg, 0.857mmol, 1.5eq)
in Smk of anhydrous DMF was stirred at 4°C for 4 days, after which it was slowly warmed (o
room temperature and allowed to stir for an additional 24h. Ar orange precipitate fonmed
which was recovered by vacuan Hitration, and washed with anhvdrous DMF and dithyl
ether, and doed i vacuo to afford a dark orange solid (165 8mg, 419, 395% by LC-ESE
MS). LH NMR (500 MHEz DMSO-d6) § .49 - 938 fm, TH), 931 (d, ¥ = 8.0 Hz, 1H), 840
(dd, J =94, 2.4 He, THD, 820 {dd, J = 32.7, 9.5 Hz, 2H}, 8.07 - 7.67 (m, 4H), 6.13 {s, 1),

4.29 (s, 3H), 308 (d, T = 24.8 M. SH). 381 (1, = 7.1 Hz, 2H), 3.02 (s, SH), 1.24 (s, 3H}.
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I3C NMR {120 MHz, DMSO-d6) 3 168 81, 13325, 14954, 14942, 141 89, 134,07, 13095,
13083, 12955, 127.69, 126 98, 12546, 12446, 122.535, 13327, iB.IjiSﬁ 11540, 112,64,
HRMS {ESI — positive-ton mode) w/z for C2IH2VOXCINTP M+, Cale:665.1719;
Found:665.1701; Tolerance: 2,766 ppm.
Synthesis of Intermaediates

PPICIONCIHS I 3~-diannopropane) JCHP3). [ PCI] Sdianunopropane)] (113 dmg,
0.333mmol) was suspended in pHs=4 HC(13mL) with propionitrile {1.3mL) and stivred at
reflux for th. The solvent was removed by rotary evaporation and the remaining residue was
dried in vacuo with a 40°C water bath for 1h. The residae was dissolved in HPLC grade
MeOH (3ml.} and hiltered through a 0 2pm Glter into vigorously stiming anhydrous diethyd
ether. The white precipitate stirred in diethyl ether for 2h, and subsequently was collected by
vacuun filtration, washed with anhydrous diethylether, and dried in vacun o afford a pure
white solid (110.3mg, 849}, 1H NMR (300 MHz, Methanol-d4) § 5.45 (d, J = 58.1 Hz, SH),
292 (q. 3= 7.5 Hr, 2H), 2.82 ~ 248 (m, SH), 1.82 (p, J = 5.4 Hz, 2H), 134 (1, T = 7.5 Hz,
3H)

~d

[PCHNCIHS NTNTN2 N2 -tetramethylethane-1 2-dianing)] (P4}
PPCIZIN T NTNZ N2-tetramethylethane- 1 2-dismine}} (113 8mg, 0.303mmel, leq.) was
suspended i pH=4 HCI (12mL} with propiomitrile (1.3mL) and stirved at reflux for 2h, The
clear solution was cooled to room temperatare and silver nitrate {30.0mg, 0.294mmol,
(0.97eq) was added. The solution was stivved n the dark Tor 20min and Gliered dwough a
0.2um membrane to remove siiver chloride. The solvent was removed via rotary evaporation
andd dried for Th in vacuo with a 407°C water bath. The residue was dissolved i HPLC grade
MeOH (3mi.} and filtered through a (1 2pm filter into vigorously stitming anhydrous diethyl
ether. The whie preciptiate stivved 1n diethyi ether for 2h, and subsequently was collected by
vacwun filtration, washed with anhydrous diethylether, and dried in vacuo o afford a pure
white solid (64.3mp, 46%). 1H NMR (300 MHz, Methapol-dd) 8 3.11 - 2.77 {m, 17H}, 1.36
(t, ¥=7.5 He, 3H).

4-phenoxyguineline (Q1.1). Phenol (6,80, 72 3mmol, 10.6eq) and sodiam hydroxide
{403 9mg, [mmol, 1.52q) were heated to 100°C with sturing until all sodium hydroxide was
dissolved. 4-chlorequinoling (1.1106g, 6 8mmol, 1eg) was added neat (o the sodium
phenoxide solution. The reaction was stirred at 120°C for Zh. The solation was poured into
vigorously stirring 2M sodium hyvdroxide. The resulting suspension was stirred for 30min and
the solid was collected by vacuum filtration. The solid was washed with 2M sodiam
hyvdroxide and minimal 4M NH40H and dried in vacuo to afford the pure light vellow oil
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{1.4132¢, 94%) TH NMR (31 MHz, Chloroform-d) § 867 {d, I = 5.1 Hz, 1H), &40~
fny, TH), N10{d, Y= 8.6 He, 1H), 7.73 {ddd, 3= 83, 6.8, LS Hz 1H), 750 (dt, 1==32.1,78
Hz, 3H)Y, 728{d, J =74 Hz, 1H}, 722 - 712 (m, 2H), 657 {d, I =52 Hz, TH)Y. 130 NMR
was not obtamed.

2-{naphthalen-1-viammolbenzoic acid (B1.1) A round-bottom flask was charged with
I-papthylamine (20, 35.0825g, 140.3 mmeol, 1 2eq). 2~chlorobenzoic acid (18.2710g,
H6 Tramol, leg), potasstum geetate (41.1870g, 419 . 6mmel, 3.6eq)}, copper(ll) acetate
monchvdrate (2.6378g, 13 2nunol, {1 ieg), and triethylamine {(40mL). The reagents were
suspended m 200mL of isopropanol and stivved at reflux for 60h. After 60k, the isopropanel
was vemoved by roatary evaporation and the remaining residue was stirred 10 2M HCH for 2k
The resulting purple preciptiate was collected by vacuum filtration and washed with copious
amounts of distiled water. The crude solid was purified by {lash chromatography on silica
gel with dichloromethane as the eluent to produce & pure tan sobd (8.7334g, 32%). THNMR
(300 MHz, DMSO-d6) 8 13,16 (s, 1H), 10.05 {s, 1H}. .06 ~ .88 {m, 3H), 7.77(d. I = 7.6,
38 Hz, 1HD, 7.65 - 745 (my, 4}'{}, 7.33{ddd, =87, 7.1, 1.7 He, 1H), 692{dd. I=8.6, 1.0
Hz, 1H)Y 6.77 (ddd, = 8.1, 7.1, 1.1 He, THDL 130 NMR (75 Mz, DMSO-d6) 8 170.29,
14847 136.04, 13429 134,10, 131,70, 12852, 12840, 12632, 12602, 12449 121.74,
THO67, 116,99, 11371, HI2 00,

7-chlorobenzofclacridine {B1.2). A suspension of BL.1 {773myg, 2.936mmol} was
stirred at 80°C with SmL phosphoras oxyehlonde for 2k Phosphorus oxyehloride was
removesd by rotary evaporation and the remaining crude solid stivred in toe water, Afler
20mun, the sohution was poured info ice-cold 3% NH4OH and stirred for | bour, gradually
warnung to room temperature. The solid was collected by vacuwm filtration and washed with
water to alford the pore tan sohd (726 4mg, 94% ) TH NMR (300 MHz, Chloroform-d) 8
9.56 935 (m, 1H), 849 - 829 (m, 2H), 819 {d, =93 Hz, 1H), 7.92 - 7.39 {m, 6H). 13C
NMR (75 MHz, Chloroform-d) 8 14778, 147.52, 140.04, 133,84, 13130, 13011, 13601,
12942 12898, 12794 127.66_ 12695 12558, 12477, 12444, 122,65, 121.74.

T-phenoxybenzo|clacridine (B1.3). Phenol (3.95g, 41 9mmwol, 15eq) and sodium
hydroxide (148.2mg, 3.705mmol, 1.3eq} were heated to 100°C with stirving unidl all scdrom
hydroxide was dissolved. B1.2 (726 4g, 2.754mmol, Teq) was added neal (o the sodhum
phenoxide solution. The reaction was stirred at 120°C for Zh. The solation was poured into
vigorously stirring 2M sodium hyvdroxide. The resulting suspension was stirred for 30min and
the solid was collected by vacuum filtration. The solid was washed with 2M sodiam
hvdroxide and minimal $M NH40H and dried in vacuo to afford the pure tan solid (867 Smeg,
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8% TH NMR {300 MHz, Chioroforni-d} & .58 - 9.42 (my, 1H), 840 {dt, J = &R, 09 Hz,
THD, &0 (ddd, T = 8.5, 1.5, 08 He, 1H), 790 - 7.67 {m, 3HY, 761 (4, J =02 Hy, 1H), 750

{ddd, J= 8.5, 67, 11 He, 1), 7 F16 (m, 2D, 708 - 6,97 (m. 1), 6.92 - 6.81 {m, 2H).
130 NMR (75 MHz, Chloroform-~d) 8 15842, 15318, 14828 14810, 132,77, 130.51,

P2RO7 128,93, 128,88, 12822, 126,95, 126,81, 126,43, 124958, 124.29, 12143, 12012,
HIRGS, 11738, 114 44

2-{naphthalen-1-ylamno)-S-mitrobenzoic acid (B2.1). A round-bottom flask was
charged with -napthviamine (49989, 34 91 hmmaol, 1.2eq), 2-chloro-S-nitrobenzoic acid
{5.7062g, 28 310mmol, teq), polassium acetate (10.30g, 104 9mmol, 3.7eq), copper{il}
acetate monohydrate {322 .0mg, 3.287mmol, 0.12eq), tricthylamine (10mL, 71 .697mmol,
2.5eq), and isopropanot (200mL). The mixture was stirred at reflux for 24h, after which the
reaction was filtered hot and washed with isopropanol. The resulting solid was stied in 2M
HCl, filtered, washed with DT H20, and dried in vacoo to afford an orange sobd (2.5944¢,
30%). TH NMR (300 MHz, DMSO-d6) 8 10.64 (s 1H), 8.76 (4. 7= 2.8 Hz. 1H). §.13 ~ 7.99
{oy, 2H), 801 - 783 {m, 2H), 7.67 - 7.50{m, 3H), 60.08 {d, 1= 94 Hx, 1H) 13O NMR (75
MHz, DMB0O-d6} & 16888, 18372, 13636, 13424, 13393, 12‘9.‘25? 129,03, 128,54, 12833
12707, 127.00, 126,66, 126,04, 12321, 121,80, 11340, 110

G-uitro-7-chlorobenzofclacridine (B2.2). This intermediate was preparved anglogously
o intermediate B1.2. Sarting from B2.1 (213934@;, 6. 795mmol) and phosphorus exychloride

-
)}

(10mL), B2.2 was obtained as an orange solid (1.4803g, 73%:;). This product could not be
characterized due to Hmited solubility.
D-nitro-7-phenoxybenzo{clacridine (B2.3). This intermediate was prepared analogousty 1o
intermediate B1.3. Starting from B2.2 (702 3myg, 2.25mmol, leq), phenol (3.3308g,
35393mmwel, 1oeq) and sodiom bydroxide (128 5myg, 3.2 3mmol, 1 4eq), B2.3 was oblained
as an orange solid {722.6mg, 87%}. This product could not be characterized due to imited
solubility.

2-{naphthalen--viamino}-4-nitrobenzoic acid (B3.1). This intermediate was prepared
anglogously to intermediate B2, 1. Starting from P-napthylamine {3.08g, 3547 Tnunol,
1.25eq}, 2-chloro-d-nirobenzoic acid (5.72g, 28.379mumel, 1eq), polassivm acetate {10.68g,
108,81 3mmeol, 3.8eq), copper(ll} avetate monohydrate {0.28g, 1.4024mmuol, 8.05eq3,
riethylamine (10mL} and isopropano! (123mL), B3.1 was obtained as an orange solid and
purified by flash chromatography on silica gel with dichloromethane as the eluent (2.5944p,
30%). TH NMR (G0 MHz, DMSO-d63 & 1022 {s, 1), 819 4{d, 1= 8.6 He, 1H), 803 {dd, J
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=65 28 He THLT98 (dd, =066, 23 Hy, T, 791 (dd, T = 0.9, 2.2 He, 1H), 7.67 - 7.57
fn, SHY, 753 ~ 745 (m, 2H). 13€ NMR pot obtatned.

i-piro-7-chlovobenzolc jacridine (B3.2). This intermediate was prepared
analogousty to miermediate B1.2, Starting from B3.1 (800mg, 892 2mg) and phosphorus
oxyehioride (10ml.), B3.2 was oblained a3 an orange solid (800.6mg, %09%). This product
could not be characterized due to hnuted solubility.

Determination of pKa Valoes for Platinum Complexes.

The pKa values of P1-AlL, P1-Bi and P1-B2 were determined spectrophotometrically
asing a Hewlett Packard 8354 spectrophotometer equipped with a Peltier temperature control
and a cell stirnng module. Titrations were camned out at 25°C in the pH range 2-11 with a
micre combination electrode placed side the cuvetie. Solutions of P1-AT (~100uM), P1-BI
{~1HM), and P1-B2 {-50uM)in 0.1 M HCY100 mM NaCl were titrated with aliguots of
0.4 M, 0.04M, and 0.004M KOH, and UV-Vis spectra were recorded afler 4 2min
eqquilibration time. The protonation state of the chromophores was deduced from spectral
changes around isosbestic points. The pKa values were deternuned graphically fron: plots of
ph va, loglk{ Aacr/Aacrt+}], where k = eacrH+/gacy using suitable absorbance maxima. The
pKa values of P1-Al and P1-B1 were deternuned at the v-intercept of the plot. P1-B2
titration o the free base resulted i a competing equilibrium of dimer formation, so the pKa
was deternuned by finding the wflection pomt of the titration plot. Reported pKa valuss are
means of three measwwements +/- the standard deviation,

Cell culture.

The human non-small cell lung cancer cell lines, NCI-H468 {large cell}, NCE-H320
{squamous cell), NCLHS22 NCERHI43S and A349 (adencearcinomas) were obtained from
the American Type Cultare Collection (Rockville, MD, USA) NCL-H460, NCLHS20 and
NCEHS22 cells were cultured in RPMI-1640 media (HyClone} supplemented with 10% fetal
bovine serum (FBS), 10% pensirep {P&S), 10% L-glutamine, and 1.53g/L NaHCO3. A549
cells were cultuved In HAM s F12K media (Gibeo) with the same addifives as above. NCH-
H 1435 cells were cultwred 1 serum-free 1.1 DMEMFL2 media (Gibeo) contaming 2 436g/L
NaHCO3, 0.02 myp/mL insulin, 0.01 mgid. ransternin, 23 oM sodivm selenite, S0nM
hydrocortizong, 1 ng'mb epidermal growth factor, £.01 mM ethanclunine, 0.01 mM
phosphorviethanolamine, 100 pM tniiodothyronine, 8.5% (w/v) bovine serum albumin (BSA),
HomM HEPES, 0.5 mM sodium pyruvate, and an extra 2 mM L-glatamine (final
concentration 4.5mM). Cells were incubated at a constant temperatwe at 37 "Cina
umidifled atmosphere conmtaining 5% CO2 and were subcultured every 2 10 3 days in order
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0 maintain cells in logarithnue growth, except for NCI-H 1433 which was subculturad svery

7 days.

Ustotoxicy Assay.

The cvtotoxicity studies were carried out according 1o a standard protocol using the
Cellitter 96 aguepus nonradicactive cell proliferation assay kit (Promega, Madison, Wik
Stock solutons {10mM) of all drugs were made in DMF, except for P1-B2 which was made
in DMSO, and serially diluted with media prior to incubation with cancer cells. 150 values
were caleulated from nonlinear curve fits ysing a sigmoidal dose-response equation in
CGraphPad Prism {GraphPad Software, La Jolla, CA)

in an embodiment, the present invention relates to compounds of Formuldas Tand 11, to
compositions {e.¢., pharmacemtical compostiions) containing those compounds and (o
methods of using those compounds.

In an embodiment, the pharmaceutical composition may contan pharmaceutically
acceptable salts, solvates, and prodrugs thereof, and may contain diluents, exciprents,
carriers, or other subsfances necessary to incrzase the bicavailabulity or exiend the hifgtime of
the compounds of the present invention,

Subjects that may be treated by the compounds and compositions of the present
invention mclude, but are not limiuted to, horses, cows, sheep, pigs, mice, dogs, cats, ptimates
such as chimpanzees, gorilias, thesus monkeys, and, humans. In an embodiment, a subject is
a faanan in need of cancer treatment,

The pharmaceutical compositions containing g componnd of the mvention may beina
form suitable for mjection etther by itself or aliematively, using liposomes, micelles, andior
nanospheres.

The pharmaceatical composition suitable for injection can be made as disclosed 1
Lanmmmers, T. et al., I. Controlled Release, 161, 175-187 (2012}, or in Barenholz, Y., 1
Controlled Release, 160, 117-134, (204 2}, both of which are incorporated by reference in
thewr entireties. Alternatively, compositions intended for injection may be prepared according
to any known methed, and such compositions may contain one or more agents selected from
the group consisting of solvents, co-solvents, solulnlizing agents, wetling agents, suspending
asenty, emulsifving agents, thickening agents, chelating agents, antioxidants, reducing agends,
autimicrobial preservatives, buffers, pH adjusting agents, bulking agents, proteciants, tomeity
adjustors, and speaial additives. Moreover, other non-toxic pharmacenticallv-acceptable

excipients which are suiiable for the manufacture of injectables may be used.
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Agquecus suspensions nwy contain the active compounds i an admixture with
excipients suitable for the manufacture of agueous suspensions, Such excipients are

suspending agents, for example sodmm carboxymethyleeltalose, methyvlcellulose,

hydroxypropylmethyleetiulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and
swm acacia; dispersing or welting agents may be a saturallv-occwring phosphatide such ag
lecithin, or condensation products of an alkylene oxide with fatty acids, for example
polyoxvethviene stearate, or condensation products of ethylene oxide with long chain
aliphatic alcohols, for example, heptadecaethyvl-eneoxycethanol, or condensation products of
ethylene oxtde with partial esters derived from fatty acids and a hexitol such as
polvoxvethylene sorbitol monooleate, or condensation products of ethylene oxide wath partial
esters derived from fatty acids and hexitol anhvdrides, for example polyethylene sorbatan
monooleate. The aqueous suspensions may also coniain one of more coloring agents.

Oily suspensions may be fornudated by saspending the active ingredient in g
vegetable oil, for exaniple arachis oil, olive oil, sesame oil or coconut o, or in & nuneral ol
such as a liguid paralfin. The otly suspensions niay contain a thickemng agent, for example
beaswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth dbove, and
flavoring agents may be added to provide a palatable oral prepavation. These compositions
miay be preserved by the addition of an anti-oxadant such as ascorbic acid,

Dnspersible powders and granules swiable for preparation of an aqueons suspension
by the addition of water provide the active compound in admixture with o dispersing or
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or
wetting agents and sospending agents are exemiphified by those already mentioned above.
Additional excipients, for exanple, sweetening, flavoring, and coloring agents may also be
preseni

The pharmaceutical compositions of the lnvention may also be w the form of oll-in-
water emulsions. The oily phase may be a vegetable oif, for example, olive ;i or avachis o,
or a nuneral oil, for example g Haumd paraffin, or a mixture thereof Suitable emulsifving
agents may be saturally-occurting gums, for example gum acacia or gum tragacanth,
naturally-occurring phosphatides, for example sov bean, lecithin, and esters or partial esters
derived from [atly acids and hextio! aphydiides, for sxample sorbitan monooleate, and
condensation products of said partiad esters with ethylene oxide, for example polvoxyethylene
sorbian monocoleate.

The pharmaceutical comapositions may bein the form of 3 sterile mnjectable aqueous or
oleaginous suspension. This suspension may be forndated according to the known methods
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using suitable dispersing or wetling agenis and suspending agents described above., The
sterile imjeciable preparation may also be a sterile mjectable solation or suspension in a non~
toxic parenterallv-acceptable diluent or solvent, for example 8y a solution in 1 3-butanediol.
Among the accepiable velucles and sobvenis that may be emiploved are water, sterile water for
wjection (SWFD, Ringer’s solution, and isotonic sodmm chioride solution. In addition,
sterile, fixed oils are copveniently emploved as solvent or suspending medium. For this
purpose, gay bland fixed oil may be emploved using synthetic mono- or diglycenides. In
addition, fatty acids such as oleic acid find use in the preparation of mnjectablas.

Thus, i another embodiment, the present iovention provides a pharmaceutical
formudation solation compnising a compound of Formula § or of Formula H or 4 salt thereof.

A selution of the wvention may be provided 1 a sealed contamner, esperially one
made of glass, gither in a unit dosage form or in a multiple dosage form.

Any pharmaceutically acceptable salt of a compound of Formuda 1 or U may be used
for preparing a solution of the invention. Examples of suitable salts nray be, for instance, the
salts with myneral tnorganic acids such as hydrochioric, hydrobromie, sulfunc, phosghoric,
sitric and the {ike, and the salts with cerfain organie acids such as acetic, succinic, tavtaric,
ascorbic, citric, glatamic, benzoic, methanesullonic, ethanesulfonic and the like. In an
embodiment, the compound of Formula 1 15 a hvdrochloric acid salt including a mono, &, or
wrihyvdrochlonde.

Any solvent which is pharmaceutically acceptable and which is able to dissolve the
compounds of Formala I or 11 or a pharmacentically acceptable salt thereof may be used. The
solution of the invention may also contain one or more additional components such as a co-
solubilizing agent (which may be the same as a solvent), a tonicity adjustiment agent. a
stabilizing agent, a preservative, or mixtures thereof. Examples of solvents, co-sohdbibizing
agents, tonicity adjustment agents, stabilizing agents and preservatives which may suitable
for a solution formulation are described below.

Suitable solvents and co~solubilizing agents may inclode, but are not Hmited to, water;

¢. ethanol, benzy! alcohol

o

sterile water for tgection {SWFI}), physinlogical saline; glcohols, ¢
and the bke; glveols and polyalcohiols, e.g. propyleneelyeol, glveerin and the hke! esters of
polvalcohols, e diaceting, friacetine and the hke; polvulyenls and polvethers, ez

ghycol 400, propyleneelyveo! methvlethers and the like; dioxolanes, e.g.

el

polyvethylens
isopropylidenglyeerin and the like; dimethylisosorbide; pyrrolidone derivatives, e.g, 2~
pyrrolidone, N-methyl-2-pyrrolidone, polyvinyvipyrrolidone {co-solubilizing agent only}y and
the like; polvoxvethvlenated fatty alcohols; esters of polvoxvethvlenated fatty acids;
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polvsorbates, gz, Twesn™, polvoxvetindene derivatives of polypropyleneglycels, e

=l

o

Plaronicst™,

Switable tonicity adinstment agents may include, bwt are not hmited o,
pharmaceytically acceptable morganic chlorides, e.g. sodum chloride; dexirose; lactose;
manniiol; sorbitol and the like.

Preservatives suitable for physiological administration may be, for instance, esters of
parabydroxybenzoic acid {e.g., methyl, ethyl, propyl and buiyl esters, or mixtures of then),
chlorocresol and the like,

Suitable stabilizing agents mchude, bat are not Himited to, monosaccharides {e.g.,
galactose, fructose, and fucose), disaccharides {e.g., lactose), polysaccharides {e.g., dextran),
cyclic oligosaccharides (2.2, alpha-, beta-, gamma-cyelodextrin), aliphatic polvols {e.x.,
mannitol, sorbitol, and thioglycerol}, cyclic polvols (e.g. inositol} and orpanic solvenis (e.g.,
ethyl alcobol and glycerol).

The above mentioned solvents and co-solubihizing agents, tonicity adjustment agents,
stabilizing agents and preservatives can be used alone or as a nuxture of two or more of them
in a solution formulation.

n an embodiment, a pharmaceutical solution formulation may comprise a compound
of Formula | or 11 or a pharmaceutically acceptable sali thereof, and an agent selected from
the group consisting of sodium chioride solution {iL.e., physiological saline), dextrose,
mannitol, or sorbitol, wherein the agent is in an amount of less than or equal to 5%, The pH
of such a formulation may also be adjusted to inprove the storage stability using a
pharmaceutically acceptable acid or base.

In the solutions of the invention the concentration of the compound of Formula Tor I
or & pharmacentcally acceptable salt thereo!l may be less than 100 mg/ml. or less than 30
mgimi, or less than 10 mg/ml, or less than 10 mp/mL and greater than (.01 mp/mL, or
between 0.5 mp/mb and 3 mg/ml., or between | mgiml. and 3 mefmi.. In an embodiment,
the concentration that is used is the 1deal concentration to be sufficiently cyvtotoxic to the
cancer cells vet Hmit the toxicity on other cells,

Suitable packaging for the pharmaceutical solution formulations may be all approved
contatners inlended for parenteral use, such as plastic and glass contamers, readv-lo-use
syringes and the like. In an embodiment, the contatner 15 a sealed glass contminer, e.g. a vial
or an ampoule. A hermetically sealed glass vial is particularly preferred.

According to an embodiment of the present invention, there is provided, n a sealed
glass contamer, a sterile, imectable solution comprising a compound of Formulatora
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pharmaceutically acceptable salt thereof in a physiologically acceptable solvent, and which
has a pH of from 2.5 10 3.5 For solution formulations, various compounds of the present
invention may be more soluble or stable for longer periods in solutions at a pH lower than 6.
Further, acid salts of the compounds of the present invention may be more soluble i aqueous
solutions than their free base counter paris, but when the acid salts are added 10 aqueocus
solutions the pH of the sohution may be too fow to be suitable for administration.  Thus,
solution formulations baving a pH above pH 4.5 may be combined prior to adaunisiration
with a diluent solution of pH greater than 7 such that the pH of the combination formulation
administered s pH 4.5 or higher. In one embodimen, the diluent solution comprises a
pharmaceutically acceptable base such as sodum bydroxide. In another embodiment, the
diluent solution is at pH of between 10 and 12, In another embodiment, the pH of the
combined formulation adminisiered is greater than 5.0, In another embodiment, the pH ol the
combined formudation adnunistered is between pH 5.0 and 7.0

The mvention also provides & process for producing a sterile solution with s pH of
from 2.5 1o 3.5 which process comprises dissolving a compound of Foymula fora
pharmacentically acceptable salt thereol in a pharmaceutically acceptable solvent. Where a
pharmaceutically acceptable acid salt of a compound of Formula 1 is used the pH of the
solution may be adjusted using a pharmacentically acceptable base or basic solution adding a
phvsiologically acceptable acid or bulfer 1o adjust the pH within a desired range. The method
may further comprise passing the resulting solution through a steriliang filter,

One or more additional components such as co~solubilizing agents, tonicity
adjustment agents, stabilizing agents and preservatives, for instance of the kind praviousdy
specified, mav be added to the solotion prior to passing the soletion through the sterilizing
filier.

o a further vartation, the present invention contemplates combimation thevapies in
which the compounnds of the present invention can be used in conjunction with other cisplatin
compounds. The efficacy of this combination therapy is likely to be enhanced because of the
different mechanisms and modes of action that first generation cisplatin compounds exlubit
refative 0 the compounds of the present imvention., It is also contemplated and therefors
within the scope of the fnvention that other anti-neoplastic agents/compounds can be used in
corpunction with the compounds of the present invention. The anti-neoplastic
agents/compounds that can be used with the compounds of the present invention include

cytotoxic compounds as well as non-cytotoxic compounds.
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LG S
M rasturamab),

Examples include anti-tumnor agents such as HERCEPTING
RITUXAN™ (riteximab), ZEVALIN' (ibritumomab tiuxetan), LYMPHOCIDE™
{epratuzumab}, GLEEVAC ™ and BEXXAR™ (fodine 131 tositamomab).

Other anti-neoplastic agentsicompounds that can be used o conjunction with the
compounds of the present invention mclude anti-angtogenic compounds such as ERBITU K
(IMC-C225), KDR {kinase domain receptor) inhibitory agents (e.g., antibodies and antigen
binding regions that specilically bind to the kinase domain veceptor), anti-VEGF agents {e.g.,
antibodies or antigen binding regions that specifically bind VEGF, or soluble VEGF
seceptors of a ligand binding region thereof) such as AVASTIN'™ or VEGF-TRAP™, and
anti-VEGF receptor agents (e.g., anttbodies or antigen binding regions that specifically bind
thereto}, EGFR mhibitory agents (e.g., antibodies or antigen binding regions that specifically
bind thereto) such as ABNX-EGF {panitumumab), IRESSA™ (sefutinil), TARCEVA™
(erlotinib), anti-Ang! and anti-Ang2 agents (e.g., antibodies or antigen binding regions
specifically binding thereto or to their receptors, e.g., Tie2/Tek), and snti-Tie kinase
mfubitory agents {e.g., antibodies ot antigen bindiug regions that specifically bind thereto).

Oiher anti-angiogenic compounds/agents that can be used in conjunction with the
compounnds of the present invention melude Campath, 1L-8, B-FGF, Tek antagonists, anti-
TWEAK agents {e.g., spectfically binding antibodies or antigen binding regions, or soluble
TWEAK receptor antagowists, ADAM distintegrin domain io antagomze the bindimg of
integrin o its Hgands, specifically binding anti-eph receptor andfor auti-ephrin antibodies or
antigen binding regicus, and anti-PDGF-BB antagomsts {e.g.. specifically binding anuibodies
or antigen binding regions) as well as antibodies or antigen inding regions specifically
binding to PDGF-BB ligands, and PDGEFR kinase inhibitory agents {e.g., antibodies or
anfigen binding regions that specifically bind theretol.

{ther anti-angiogenic/anti-tamor agents that can be used m conjunction with the
compourids of the present invention include: SD-7784 (Pfizer, UISA); cilengitide. {Merck
KGad, Germany, EPO 770622 3; pegaptanib octasodium, {Gilead Sciences, USA)
Alphastatin, (BioActa, UK), M-PGA, (Celgene, USAY; ilomastat, {Arriva, USA)), emaxanid,
{Pheer, USAL), vatalamb, (Novartis, Swizerland); 2-methoxvesiradiol, (EntreMad, USAY;
TLC ELL-12, (Elan, Irsland); anecortave acatate, (Alcon, USAY alpha-D 48 Mab, (Amyen,
USAY CER-TOSS, (Cephalon, USAY, anti-Va Mab, (Crucell, Netherlands)

DAC antianglogenic, (ConjuChem, Canada), Angiocidin, (InKine Pharmaceutical, USA),
KM-2350, (Kyowa Hakko, Japan); SU-G879, (Phizer, USAY; CGP-T9787, {Novartis,
Switzerland); the ARGENT technology of Anad, USA; YIGSR-Stealth, (Johnson & Johnson,
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USAY fibrinogen-E fragment, {BioActa, UK}, the angiogenssis inhibiors of Trigen, UK
TRC-1633, {Encysive Pharmaceuticals, USA) SC-236, (Pizer, USAY ABT-567, (Abbott,
USAj; Metastatin, (EntreMed, USAY, angiogenesis inhibitor, (Tripep. Sweden}; maspin,
(Soset, Japan); 2Z-methoxvestradiol, {Oncology Sciences Corporation, USAY, ER-68203-00,
{(WVAX, USA) Benefin, {Lane Labs, USAY, Te-93, (Tsumura, fapan), TAN-1120, (Takeda,
Japan); FR-111142, (Fupisaws, Japan); platelet {actor 4, (RepliGen, USA); vascular
endothelial growth factor antagonist, (Borean, Denmark}, bevacizumab {pINN}, {Genentech,
USAY, XL 784, (Exelinis, USAY, XL 647, (Exelixis, USAY, MAD, alphaSbetal mntegrin,
second generation, (Apphied Molecelar Evolution, USA and Medlmmune, LISA); gene
therapy, retimopathy, (Oxford BioMedica, UK); envastaurin hvdrochloride (USANY, (Lilly,
USAY CEP 7055, (Cephalon, USA and Sanofi-Synthelabo, France); BC 1, {Genoa Institute
of Cancer Research, Iltaly); angiogenesis inhibitor, (Alchemia, Austrahia}, VEGF antagomist,
(Regeneron, USAY, vBPL 21 and BPI-derived antiangiogenic, (XOMA, LISA); PI RS, (Progen,
Australia); cilenginde (pINN), (Merck KGaA, German, Munich Technical University,
{ermany, Scripps Clinie and Research Foundation, USA); cetwamab {(INN), {Avenis,
France); AVE B062, (Ajinomolo, Japan);, AS 1404, (Cancer Research Laboratory, New
Zealand); SG 292, (Tehos, UISA); Endostatin, {Boston Children’s Hospital, USAY ATN 161,
{Atterion, USAY, ANGIOSTATIN, (Boston Children’s Hospital, USA); 2-methoxyestradiol,
{Boston Childven's Hospital, USAY 2D 6474, tAstrafeneca, UK) ZD 6126, (Angiogene
Pharmaceuticals, UK); PP 2458, {(Praecis, USA), AZD 6935, {AstradZeneca, UK); AZD
2171, {AstraZeneca, UK): vatalanih (pINN), (Novarts, Switzerland and Schering AG,
Germany); tissue factor pathway inhibitors, (EntreMead, USAJ}; pezaptamb {(Pinn), {Gilead
Sciences, LISA); xanthorrhizol, {Yonsei University, South Korea); vaccine, gene-based,
VEGF-2, {Scripps Clinie and Research Foundation, USAY, SPVA 2, (Supratek, Canada); SDX
133, {University of California at San Diego, USA), PX 478, {ProIX, USA) METASTATIN,
(EntreMed, USA Y troponin L, {Harvard University, USA); SU 6668 (SUGEN, UISAY OXi
4503, (OXIGENE, USA)Y; o-guanidines, {Dimensional Pharmaceuticals, USAY;
motuporanune €, (British Colundna Limiversity, Canada), CDP 791, (Celltech Group, UK);
atiprimod {(pINN)}, {(GlaxoSmithKline, UK);, ¥ 7820, (Eisal, Japan), CYC 381, {Harvard
Untversity, USA Y AE 941, {Acterna, Canada); vaccine, angiogenesis, {EntreMed, USAY
arokinase plasminogen activator inhibitor, {Dendreon, USAY, oplufanide (pINN), (Melmotie,
USAY; HIF-lalfa inlubitors, {Xenova, UK); CEP 5214, (Cephalon, USAY, BAY RES 2622,
(Bayer, Germanv); Angiocidin, (lnKine, USAY A6, (Angstrom, LISA);, KR 31372 (Kovea
Research Instingte of Chenucal Technology, South Korea), GW 2286, (GlaxoSmuthKhne,
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UKy EHT 0101, (BExonHi, France); OF 868396, (Plizer, USA)Y, CF 364959, (O8], USA);, P
47632, (Pfizer, USA)Y 786034, {GlaxoSmithKiine, UK KRN 633, (Kirin Brewerv, Japan);
drog dehivery system, intraocular, 2-methoxvestradiol, (EntreMed, USAY, anginex,
(Muaastricht University, Netherlands, and Minnesota University, USAY, ABT 510, (Abbott,
USAY AAL 993, (Novartia, Switzerland}, VEGI, (ProteomTech, USAY, tumor necrosis
factor-alpha inhibuors, (National Instinite on Aging, USA)Y, SU 11248, (Plizer, USA and
SUGEN USAY, ABT 518, (Abbott, USA)Y, YHI6, (Yaotai Rongchang, China); §-3APG,
{Bosion Children’s Hospiial, USA and EntreMed, US4A) MAb, KDR, {ImClone Systems,
USAY MAD, alpba3d betal, (Protein Design, USA), KDR kinase inhibitor, {Celltech Group,
UK, and Johnson & Johnson, UISA), GFB 116, (South Florida Umversity, USA and Yale
University, USAY; €8 706, {Sankvo, Japan); combretastatin Ad prodrugs, {Anizona State
University, USAY; chondrotiinase AC, (IBEX, Canada); BAY RES 2694, (Baver, Germany);
AGM 1470, (Harvard University, USA, Takeda, Japan, and TAP, USA}Y AG 13925,
{Agouron, USAY, Tetrathiomolybdate, (University of Michigan, USA)Y, GCS 100, (Wayne
State University, USA) OV 247 (Ivy Medical, UK); CKD 732, {(Chong Kun Dang, South
Koreay; MAb, vascular endothelivm growth factor, (Xenova, UK); imogladine (INN),
{Nippon Shinyaku, Japan); RG 13377, {Aventis, France); WX 360, (Wilex, Germany):
squalaniine {pIN}, {Genaera, USAY, RPL 4610, (Sima, USAY; heparanase wndubitors, (InSight,
fsraely; KL 3106, (Kolon, South Koreal, Honokiol, {Emory Umiversity, USA); ZK CDK,
{Schering AG, Germany), ZK Angio, (Schering AG, Genmany); ZK 220561, (Novartis,
Switzerland, and Schering AG, Gernrany);, XMP 300, (XOMA, USA ) VGA 1102, (Taisho,
Japan); VEGF receptor modulators, (Phammacopeta, USAY, VE-cadberin-2 atagonists,
{ImClone Systems, USAY: Vasostatin, {National Institates of Health, USA)vaccine, Fik-1,
{ImClone Systems, LSAY, TZ 93, (Tsumurs, Japan); TumStatin, {Beth Isvae! Hospial, USA)
wruncated soluble FLT I {(vascular endothelial growth factor receplor 1), {Merck & Co, USA);
Tie-2 ligands, (Regeneron, USAY; and, thrombospondin 1 inhibitor, (Allegheny Health,
Education and Research Foundation, TIRA).

It is contemplated and therefore within the scope of the invention that the compounds
of the present invention can be modified to targat specific receptors or cancer cells or can be
modified so that they can survive various & yivo envivonmenis. As exmnples, the compounds
of the present invention can be modified so that they ave combined with dendrimers or other
cvelic sugars to form carboxylate dendrimers or other sugars. They may be combined with
steroids such as estrogen to form carboxviate stevoids hike carboxylate estrogen. Hthe

compounds of the present invention contain carboxylate fumctionalities, the carboxylate
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functionalities on these compounds nxay be modified so that they contamn folic acid. Those of
skill 1o the art will vecognize that there are other modifications that can be made to the
compounds of the present invention so that they can target specific receptors, cells or provide
stability to the compounds. H 1s contemplated that the compounds of the present invention
5 can have modifications made that are covaleni modifications, wonie modifications, modified
5o that they chelate 1o other compounds, or other undergo some other type of interaction that
allows the compounds of the present invention to suit their use (such as hydrophobic or Van
der Waals type interactions).
In a farther variation, the compouands of the present invention can be used agamst
10 solid tumors, cell bnes, and cell hine tisswe that demouvstrate upregulated nucleotide excision
repair and other upregulated resistance mechanisms.
Thus, the present mvention relates to compounds of Formula 1. and pharmaceuntically
acceptable salts and solvates thereof

Ry

s
R N

5

R, R \\ /.f‘
| {
u

Formula |
15  wherein X is halo, OCORe, nirate or sulfate;
Ry and R; are anuno groups or together with the platimum atom o which they are
atlached, Ry and R; form the ring - NH-{CH ) -NH:-wheremnvis 1, 2. 3 ord or Ry and R»

together can be any of the following groups a-ly
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T i R, o/
o I_\NHE \\N/‘/MIM\\Nf f/\” /\\ >‘?—(

. / \ NH. N HN N,

Ry

/‘I
o~

HaN NH

Nb, N,
wheremn & s H, ~-CHy, ~OCH;, CF; or KOy,

Ry s -N{Rge)- wherain Ry 18 hydrogen or Ci-Candkyl;

Ry 18 hydrogen, T alkyd, or CHa-Rys;

R 1s independently an anino, g nitvo, ~NHC{OH R n), ~NHT{OYO{R (¢}, ~C{ONHR 10,
SQCEOINHR p, o1 halo;

Ryn is hydrogen, Ci.g alkyl, phenvl, naphihyl, T cvcloalkyl, norbornyl, or adamanivl;

gin 1,00 d;

Bsis g divect bond, -NH- or O -Caalkyleng;

or Rs and X together with the atoms to which they are attached foam & 6- or 7-membered
e, wherein said 6- or 7-membered ring contains a linking group ~{{OY0- or ~OC{O)-;

R s hydvogen, methyl, -CHIR (MR ), ~C{OJ0-R 5, or — OC{O)R 5 wherein

R;7is hydrogen or Cig alkyl;

Ry is hvdrogen, Crg alkvl, -CH{R X Raa), phenyl, naphthvl, Cig oveloallivl, norbormyi,
adamantvi, a nataral or unnatural aming acid or a peplide;

Ryo1s hvdrogen or Cy . alkvl;

Ry 18 hydrogen, Cyg alkyl;

Ry s ~H or «Cy.salkyl;

R 13 hydrogen, Ci.q alkyi, phenvl, naphthyl, Cis cvcloalkyl, notbornyd, adamantyl, s natwral
or annatural amine acid or a peptide;

Ri; and Ry are independently hydrogen, hydroxyl, Cig alkyl, -OUH: ~CF3, NOy, -Ny, -
COOH, -CONH,, -CH=CH;, -CaCH, {CHo o OH, {CH e N3, -(CHp)is-COOH, (CH)s.
s~ CH=CH,, {(CH o CaCH, (CHDp (FOCHCH ) -0, -(CHo o FOCHUH ) - N, or -
{CH ). (-OCHCH 1o COOH or either or both of Ry and Ryy contam a reactive group ont to

which a linker andfor one or more of compound W can be added;
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E is C-Cealkvlens;
G and G; are independently N or CRyg;
Rz 1s hydrogen or methyl;
compound W is one or more amine acids, one or more sugars, polymeric ethars, Cgalkyvlene-
phenvENH-C{O R s, folic acid, o.f; integrin RGD binding peplide, tamoxifen, endoxifen,
EGFR (epidermal growth factor receptor) antibody comjugaies, kinase mbibitors, digroles,
irigzoles, axaroles, erfotimd, and nuxiures thereof’ and
715 idependently one or more halo of miro, or one or more cowsterions sufficient o balance
the charge of the compound;
wherein Rys 18 a peptide; and
the benrene ring which is T 1s optionally present.

i an embodiment, the present mvention relates o compounds, pharmacentically
acceptable salts or solvates, wheremn Ry; and Ry combined with the hinker and compound W

e

N
Le

\Z

/

TN SEERG <

¢

%
onrnner 2L
/

~NH-R4, Ris | -O-Rya, -CH=CH-R,3, -CaC-Rys, Ry ~Ny, -COOH,
~COOR ., ~CIOINH-Ry 3, -NHCO)FR iz, ~OCIOWH-Ry3, -OCIO0O-Ryz, -(CHy - NH-Rys,
Rya
“{CH)s™=N
Ria  (CH L 6-O-Rys, «(CHe-Na, (CHal o-COOH, -(CH) - COOR g 0 -
{CH - CH=CH-R 3,
wharem Ry and Ry are independantly selected from the group consisting of one or more
amung acids, one ov more sugars, polymeric ethers, PAMAM (Poly(amido
antine)iDendrinmers such as carboxyviate-modified PAMAM Dendrimers, PLGA (poly{lactic
co-glycolic acid}), -triazol-Rys, Cigalkylene-phenylene-NH-C{O)Ry s, folic acid, faity acid,
and polvonsaturated faity aoid (PUFA), ol miegrin RGD binding peptide, tamoxifen,
enddosifen, EGEFR {(epidernsal growth factor recepton) antibody conjugates, kinase inhibitors,
diaroles, Hazoles, oxazoles, erlotinib, and mixtares thereof, wherein Rys is a peptide.

i a vanation, the present tnvention relates to compounds, pharmaceutically
accepiable salts, or solvates wheremn G and Gy are C. Alternatively, G is NH and Gy is C.
Altermatively,

Gis C and Gy is NHL

43



10

WO 2015/142684 PCT/US2015/020635

in an embodinent, T is not present.
In an embodiment, the present invention relates to compounds, pharmaceuntically
acceptable salts, or solvates, wherein the compound is a compound of Formala 1I:
- E ‘
3 Ny
S

Ry

R, R
}
Ry

~

{ e
~
\\’,‘/

Formula H
wharein X 1s halo, OCOR., niteate or sulflste;
R; and R, are aming groups or together with the platinum aiom 1o which they are
attached, Ry and R, form the ring ~NH{CH N wherein vis 1,2, 3, ovd or By and R

iogether can be any of the followimng groups g~
Ry
R
,---l 11 Ry, R
: E3]
/TN T
H N NH, \ v /\/\ |
N N
/ /
NH,

. / \ s NH; H,N N,

AN

Hol NH;

NH; NH;
whergin A s H, ~-CHs, ~OCH;, OF s ov NOy;
R 18 ~N{Rq 3+ wherein Rag is hydrogen or C-Cgatkyl;
Ryis hydrogen, Cyg alkyl, or CH-Ryy
Ry 15 independently an amino, a nitro, - NHC{ONR ), ~NHCEO(R 15}, -CHOINHR 4,
OCONHR 1, or halo;
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Rys 1s hydrogen, Cig alkyl, phenyl, naphthyl, Cag cycloaltkyl, norboryl, or adamantyl
gis Lo
Rs is a divect bond, ~NH- or C-Cralkylens;
or Rx and X together with the atoms to which they are attached form g 6- ov T-membered
ring, wherain said 6~ or 7-membered ring contains a Hoking group -COEH0- or ~QC{0)-;
R 18 hydrogen, methyl, -CH{R1#¥Ry3), ~CLOYO-Rys, or — OCION-Ryg: wherein
Ryv s hvdrogen or Ty alkyl;
Ry 1s hydrogen, Cioe alkyl, ~CH(R 15} Ry}, pheml, naphthyl, Cag cvoloatkyd, norbornvi,
adamantyl, a natural or wanatural apnno acid or a peptide;
Ry is hydrogen or Cg alkyl;
Rap 18 hvdrogen, Co alkyl;
Ryis ~H or -Craalkyvl
Rg is hydrogen, Cis alkyl, phenyl, naphthyl, Cig cycloatkyl, norboryl, adamantyl, a nataral
or unnatural anuno acid or a peptide;
Ryy and Ry; are hvdrogen, Coy alkyl, or either or both of Ry and Ry contain a reactive group
on to which a Hinker andior one or more of compound W can be added;
E is C-Caallovlene;
GisNor CRu
R 18 hydrogen or methvl;
compound W s one or more amino acids, one or more sugars, polvmenc ethers, Cygafkylene-
phenvi-NH-C(O)R,5, folic acid, o integrin RGD binding peptide, tamoxafen, endoxifen,
EGFR {epidermal growth factor recepior) antibody conjugates, kinase inhibitors, diaroles,
triazoles, oxaroles, erlotinib, and mixtures thereof: and
Z 15 independently one or more halo or nitvo, or one or more counterions sufficient to balance
the charge of the compound.

I an embodiment, when the compounds, pharmaceutically sceeptable salts, or
solvates are the compounds, salts or selvates of Formula I, Ry and Ry; combined with the
linker and compound W may be

e ) Ay

H
H
H

A Dy,
N\ N
~MNH-Rys, Ris L ~O-Ryy, SCH=CH-Rys, -CaC-Ra, R ~Ng, ~-COOH,

-COORy, -CIOINH-Ry3, -NHCO)-Riz, -OCIOINH-Ry;, -OCNO-Rys, -(CHy - NH-Ry,
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~(CHz)e——N
™
RM N *(:C.“f'ig};.(;~(_)~}‘{g;_‘, «{(‘H;)i.{-u\,. ~{{\JH 3};..5-—(?(?01‘& *(‘CH;)5.{;,~CIQGR.14 OF -
{CHo) o CH=CH-Ryy
In an embodiment, the present invention relates to pharmacentical compuositions

comprising a compound, pharmaceutically acceplable salt or solvate of Formula I:

““““ -

e ~ xN*ff" ~ N .
{ L A
~ L el - "
S ,.f{;"' el -’
a2 o
-
5 Formula [

wherein X 1s halo, OU(HR,, mitrale or sulfate;

R and Ry are amino groups of together with the platinum atom to which they are
attached, R; and R, form the ring ~NH-{CH 3 -NHo~ wherem vis 1, 2.3, ord or Ry and R»
together can be any of the following groups a-h;

1¢



16

15

20

WO 2015/142684 PCT/US2015/020635

HoN N

N4, NH,
wherein A is H, -CHs, -OCH;, CF; or NOy;
Rz 15 ~N{Ruej~ wherein Rzq 1s hydrogen or C;-Cgalkyl

Ryis hydrogen, Cyg alkyl, or CHp-Ryy;

Ry 15 independently an amino, a nitro, - NHC{OXR 6}, ~NHCEO(R ), -CHENNHR g,
“OCOIINHR g, o1 halo;

Ry 18 bydrogen, Cy.s alkyl, phenyl, naphthvl, Cig ovcloalkvl, norbornyl, or adamantvl;
gisO, 1 or2;

Rs is a divect bond, ~NH- or C-Cgalkvieng;

or Rs and X together with the atoms to which they are attached form a &~ or T-membered
ring. wherem said 6- or 7-membered ring contains a hnking group ~C{OX0~ o7 ~-OC(O)-;

R~ 15 hvdrogen, methyl, -CH(R - H{Rys), ~CHMO-Ryg, or - OC{O)-Rya; wherain

Ryn 15 hydrogen or Cig alkyd;

Ryg 18 hydrogen, Cig alkyl, -CH(R ;o)X Rop), phenvl, naphthyl, Cie oveloalkyl, norborny,
adamantyl, a natural or unnatural amino acid or a peptide;

Ris s hydrogen or U alkyl

Ry is hvdrogen, Cpg alkyl:

Ry is —H or ~Cyalkyl;

R 18 hvdrogen, Cys alkyl, phemyl, naphthyl, Cug oveloalkyl, norbomyl, adamantyl, 3 natural
or unnateral amino acid or a peptide;

Ry and Ry are mmdependently hydrogen, hivdroxyl, Ciq alkyl, ~-OCH ~CFy NO3, -Ny, «
COOH, -CONH, -CH=CH,, -CaCH, “{CHa).eOH, (UHy)ie-Na, {CH b COUH, «(CHzd
& CH=CHs, (CHa)e-CaCH, {CHDaf -OCHCH )16 OH, {CH D0 (-OCHCH 1Ny, or -

45



ic

15

20

WO 2015/142684 PCT/US2015/020635

{CH2)o i -OCHCH o COOH or either or both of Ry and Ry; contain a veactive group on to
which a linker andéor one or more of compound W can be added;
E is Cy-Caalkylene;
G and Gy are independently N or CRyg;
Ris 13 hydrogen or methyl;
compound W is one or more amino acids, one or wore sugars, polyvmernic ethers, Cigatkylene-
phenvENH-C{O»R,s, folic acid, a.fi; integrin RGD binding peptide, tamoxifen, endoxrifen,
EGFR (epidermal growth facior receptor) antibody conjugates, kinase inhibitors, diazoles,
triazoles, oxaroles, erlotinib, and mixtures thereof: and
Z 13 independently one or more hale of nire, or one or more counterions sullicient to balance
the charge of the compound; and whersin
wherein Rys 18 a peptide;
the benzene ring which is T is optionally present, and one or more diluents, exciptents,
carriers, or substance that increases biogvailability or extends a lifeiime of the compound.

in the vanious pharmaceutical compositions, G may be NH or € and Gy may be €.
Alternanively, G may be NH and Gymay be NHor C.

In a variation, T 15 not present.

In an embodiment, the present invention relates to a pharmacestical composition,

wherein the compound is a compound of Formala 11:

]z

R RS
R o
S X
PP
RO\
B - Ry
N
/f"\f\\\::T e \’Q“Q\\JJ-"" \\:‘}
i ! ‘j‘ (R 'f.\}q
AN PN
“‘1 o i;
.. ; ’,/

Formula i1

In an embodiment, the present mvention relates (o a method of treating cancer in an
individual in need thereof comprising administering o said individual a compound of

Formula I
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Formula [

wherein X 15 halo, OC{O)IR., nitvate or sulfate;
Ry and R; are anuno groups or together with the platinum atom o which they are
atlached, Ry and R, form the ring -~ NH-{CH ) -NH:-wheremm vis 1, 2. 3 or 4 or Ry and R»

together can be any of the following groups a-ly

R .
- .
H?N/“[ My \N/m]m\\m/ \‘/\ \'— K
a /’J \ l\H’) N, HAN
RT ] b ¥ d

HQN NH?

Nb, NH,

wherein A s H, -CH;, ~OCH;, CF; or NO;;
Ry 15 -N{Ry¢ 3~ wherein Raq 1s hydrogen or C-Cratkyl;

Ryis hydrogen, Cys alkyl, or CH-Ry
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R 1s independently an aming, a nitro, ~NHCOH R ), -~NHCOY (R 10, -CIOINHR 0,
~OC{OINHR 1, o1 halo;

Rio s hvdrogen, Ciq alkvl, phenvl, naphthyl, Cax cvcloalkyd, norbomyd, or adamantyl;
gis{, 1or2;

Rs s a divect bond, ~-NH- or O -Cealkyviene;

or Rs and X together with the atoms to which they are attached form a 6- or 7-membered
ring, wherein said 6- or 7-membered ring contains g linkang group ~L(OYI- or ~OC{0)-;

Ry s hydrogen, methyl, -CH(R ¥R ), ~CO0-Ryy, or - OC(O)FRy; wherein

Ry i3 hydrogen or () alkvk:

Rix is hydrogen, Ci.q alkyl, ~CH(R o} Rao), phenyd, naphthvl, iy cveloalkyl, norbornyl,
adamantyi, a natural or unpatural amimno acid or 3 peptide;

Rye is hydrogen or Cg alkyl;

Rag 18 hydrogen, Cys alkyl;

Rgis ~H or - qalkyl;

Ry is hydvogen, Cig alkyl, phenyl, naphthyl, Cup cycloaliovl, nothornyd, adamantyl, a natural
or unnatwral aming acid or a peptide;

R;; and Ry; are independently hydrogen, hydroxyl, Cig alkyl, -OCH, -CF;, NQ,, Ny, -
COOH, -CONH;, ~-CH=CH,, -C=CH, ~(CH)1-OH, «{CH)pe- Ny, -(CH)o-COOH, «(CHy )
sCH=CHL, (CH - CaCH, (CHa o (FOCHCH ) 16O |, «(CHo 3o f-OCHCHo b Ny, o -
(CH)o {(FOCHCH ), o~ COOH or etther or both of Ry and Ryp contain a reactive group on (o
which » linker and/or one or more of compound W can be added;

E 15 Ci-Cealkvlens;

(3 and Gy are independentlv N oy CRyg;

Rz is hydvogen or methyl;

compoutid W is one or more amine acids, one or more sugars, polymericathers, Creatkyviene-
phenvi-NH-C{0O)-Rs, folic acid, o.P; integrin RGD binding peplide, tamoxifen, endoxifen,
EGFR (epidernial growth factor receptor) antibody conjugates, kinase inhibitors, diaroles,
wiazoles, oxaroles, erlotimb, and mixfures thereof and

Z is imndependently one or move halo or miro, or one or more countertons safficient to balance
the charge of the compound; and wherein

whergin Ry is a peptide; and

the benrene ring which is T 1s optionally present.

In an embodiment, the method may use a compound of Formula I
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in one embodiment, the cancer (o be treated is small-cell hung cancear,

H is contemplated and therefore within the scope of the presend tmvention that any

feature that 1s disclosed 1n the present mvention can be combined with any other feature in

5  the present invention. For exanple, if a vanable is described with reference o formula 1, o

should be recogmized that it is contemplated and therefore within the scope of the presemt

imvention that the delined variable can alse be used with Formula 1L Itis also contemplated

that punor modifications can be made to the present invention,

The following references are incorporated by reference in their entireties:
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{3) Martins, E. T.; Baruah, H.; Kramarcezyk, 3 Salata, G; Day, €. 8 Kucerg, G. L ;

Bierbach, U J Med Chem 2001, 44, 4492,

{4) Ma, Z.; Choudhury, J. R; Wright, M. W, Dy, C. 8.7 Sahuta, G Kuecera, G L
15 Bierhach, 1. F Med Chem 2608, 57, 7574,

{5) Ma, Z.; Rao, L. Bierbach, U. J Med Chem 2009, 373424,

{6} Baruah, H.; Wright, M. W.; Bietbach, 1. Biochemiziry 2008, 44, 6639,
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We elaim
1. A compound of Formula I, and pharmaceatically acceptable salis and sobvates thereof:

Z

Formula ]
wherein X is hato, OC{OIRy, nitrate or suifaie;
R; and R, are amino groeps or together with the platimum atom to which they are
attached, Ry and R, formy the ring ~NHA-{CH ) -NH- whereinv s 1, 2, 3, or 4 or Ry and Ry

together can be any of the following groups a-ly;

Res
l Ry /
sz/d NH, /—. [_\/ \/\\ >
. / HN N,
b ¢ d
Ry

Hohd NH}

<

&

wherein A s H, -CH;, -<OCH;, OF 3 or NOy:
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Rj is <N{Rye}-: wherain Rag 18 hydrogen or C-Cialkyk

Ry s hydrogen, Trs alkyd, or CHa-Rys;

R 1s mdependently an anuno, 8 nitvo, ~-NHC{OHR »), ~NHUT{OMR ), ~CIOMNHR 4,
-QC{OINHRy, or balo;

Rig 18 hydrogen, Cig alkyl, phenvl, naphihyl, Cog ovcloalkyl, nothomyl, or adamanivl;
gis, 1 or2;

Rs is a direct bond, -NH- or C-Caalkylene;

or Rs and X together with the atoms to which they are attached form a 6- or 7-membered
ring, wheremn said 6- or 7-membered ring contains a hinking group —-C{OY0- or QO

Ry is hydrogen, methyl, ~CH(R; 7 HR 1), ~CLOI0-R i, or ~ OC{O)-Ry5; wherem

Ry~ is hydrogen or Cyg alkyd;

Rz is hyvdrogen, Cog alkvl, ~-CH(R X Ran), phenyl, naphthyvl, Cig ewcloalkyvl, norborayl,
adamantyl, a natoral or ennatural amino acid or a peptide;

Ryois hydrogen or Cyq alkyl;

Ry 18 hydrowen, Cirg alkyl:

Ruis ~H or {7 .qalkyi;

R, s hydrogen, Cyq alkyl. phenyl, naphthyl, Cig cycloalkyl, norbornyd, adamantyl, 8 natural
or unnatural amine acwd or a peptide;

Ry and Ry are independently hvdrogen, hvdroxyl, Cue alkyl, ~-OCH ~CF 5, Nk, -Nj, -
COOH, -CONH,, -CH=CH,, ~CsCH, <(CH) o OH, {CH) e Ny, (CHD L COOH, «(CH
oCH=CH,, ~(CH ) o CaCH, (CH (FOCHCH - OH, {(CH 0 (-OCHCH 1 Ny, or -
{CHz)o (-OTHCH ho-COOH or etther or both of Ry and Ry; contain a reactive group on {0
which a linker andéor one or more of compound W can be added;

B is C-Ceallovlene;

G and (; are independently N or CRyq;

Rig 18 hydrogen or methyl;

compound W is one or more amine acids, one or more sugars, polymenc ethers, Chalkyvlene-
phenvi-NH-C{O)-R,s, folic acid, a.f: integrin RGD binding peptide, tamoxifen, endoxifen,
EGFR (epidermal growth factor receptor) antibody conjugates, kinase inhibitors, diazoles,
triazoles, oxaroles, erlotinib, and wixtures thereof and

Z 15 mdependently one or more halo or nitro, or one or more counterions suificient o balance
the charge of the compound;

wherein Rys 18 a peptide; and

52



10

20

25

WO 2015/142684 PCT/US2015/020635

the benrene ning which is T is optionally present.
2. The componnd pharmaceatically acceptable salt or solvate of claim 1, wherem Ry and Ry

combined with the lmker and compound W are

!
/N
‘*z cnnces ;’/

“NH-Rja, Ria Q-Ryy, -CH=CH-Ry3, ~CC-Rys, T ke N SCOOH,

SCOOR 4. ~CIOWH-Ry3, ~NHC(O)»Rys, ~OCIOINH-R 3, -OC{OYO-R 5, (CH)p.o-NH-R 3,
Riz

~{CHa).5~N

Rag | A CH6-0-Ris, -(CHo oo Ny, «(CH - COOH, (CH )1~ COOR 01 -
{(\ H 3\2 g,{-r{'_\.’i_{"f.z'fz CH-R IRH
wherein Ry and Ry ave mdependently selected from the group consisting of ons or more
aming acids, one or more sugars, polvimence ethers, PAMAM (Polv(anudo
apune}Dendnmers such as carboxylate-modified PAMAM Dendrimers, PLGA {pohylactic~
co-glveahic aaid}), -tnarol-R s, Craalkylene-phenylene-NH-C(O)-R,y 5, folic acid, falty acd,
and pobvunsaturated fatty acid (PUFA), o Py integrin RGD binding peptide, tamoxifen,
endoxifen, EGFR (epidermal growth factor receplor) antibody conjugates, kinase inhibitors,
digzoles, trigzoles, oxazoles, erlotinib, and mixtures thereof] wherein Rys 15 a peptide.
3. The compound, pharmaceutically acceptable salt, or solvate of claim 1, wheremt G and &y
ave (.
4. The conypound, pharmaceutically acceptable salt, or solvate of claim 1, wherein G is NH
and Gyis €.
5. The compound, pharmaceutically acceptable salt, or sehvate of clanm 1, wherein G is € and

Gy is NH.

6. The compound, pharmacentically acceptable salt, or solvate of claim 3, wherein T is not
present.

7. The compound, pharmaceutically acceptable salt, or solvate of claim 4, wherewn T s not
present.

8. The compound, pharmaceatically acceptable salt, or solvate of clamm 3, wherem T 15 not
prasent.

4. The compound, pharmaceotically acceptable salt, or solvate of claim 1, wherein the
compound s 3 compound of Formula 1D

pharmaceutically acceptable salts and solvates thereof:
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Formula 1
whaerein X is halo, OUNR, nifrate or sulfate;

Ry and R ave amuno groups of together with the platinum atom to which they are

attached, R; and Ry form the ring ~NH-{CHo }o-NH~ wherein vis 1,2, 3 ord or Ry and Ro

together can be any of the following groups a-h

T B e
a / i ) N\ NH[/C\NH? Hf~>v

h

%

wherein A 18 H, -CHy, -QCH;, OF; or NOy;

R 15 «N{Rq3- wherein Rag 1s hydrogen or C-Cyalkyl
Ryi1s hydrogen, Crs alkyl, or CHs-Ry;

R 1s independently an amino, a nitvo, ~NHCOH R o), ~NHTOIO(R 1), ~-CLOINHR g,
~QC{OINHR 10, or hale;

Rig 138 hydrogen, Cig alkyl, phenvl, naphihyl, Cug ovtloalkyl, nothorayl, or adamanivi;

gisO, 1 or2;
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R is a direct bond, ~-NH- or C-Cialkylene;

or Rs and X fogether with the atoms to which they are attached foam a 6~ or T-membered
ring, wherein smd 6+ or 7-membered ring contains a hinking group ~C{OYO~ or ~QCO)-

R 15 hydrogen, methyl, -CH(R MR ), ~CLOMO-R g, or ~ OC{O)-Ry3; wheremn

R+ 15 hydrogen or Cie alkyl;

Rig is hydrogen, Cip alkyl, -CH(R 10X Ron). phenyl, naphthyl, Ci cycloalkyl, norborayd,
adamantyl, @ natural or uanataral amino acid or a pepuide;

Ryyis hydrogen or Uy alkvl

Ry is hydrogen, Ci.g alkyl:

Ry is ~H or ~Cyealkyl;

Ro 15 hydrogen, Cyy alkyl, phenyl, aaphthyl, e cveloalkyl, norbornyl, adamantyl, a nataral
or unnatural amine acid or a peptide;

Ryy and Ry» are hydvogen, Cig alkyl, or either or both of Ry and Ryz contain a reactive group
on to which a linker andfor one or more of compound W can be added;

E s Ci-Cealkvleng;

Gis N or TRy

Ris i3 hydrogen or methyl;

compound W is one or more anino acids, one or more sugars, polymeric ethers, Caatkviene-
phenvENH-C{O R s, folic acid, o.f; integrin RGD binding peplide, tamoxifen, endoxifen,
EGFR (epidermal growth factor receptor} antibody conjugates, kinase inhibitors, diazoles,
riazoles, oxazoles, erlotimb, and mixtures thereot and

Z s ndependently one or move haloe o mitro, or one or more countertons safficient to balance
the charge of the compound.

1), The compound, phurmaceuntically scceptable salt, or sobvate of clatn 9, wherein Ry and

Rz combined with the inker and compound W are

Ria ‘.
\ \\",.eN\\
~INH-Rys, Ria _O-Ryy, -CH=CH-Ry3, -CEC-Rys, Ru =Ny, -COOH,

~COOR 14, *C(O}NI‘i*R;;‘,, vN}TiC(O}RH, -DC(Q}N§?LRH, *OC{O)O-'R;?‘? ~-(CH§{}5,(‘,~N H-Rys,
Rys
ACHz N
Ria ~{CH 3 -0-Ria, A(CHa b Ny {(CH he-COOH, -(CH - COOR s 08 -
{CH:he-CH=CH-Ry3;
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11, A pharmaceutical composition conmprising 3 compound, pharmaceutically acceptable salt

or solvate of Formuda 1
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Formula 1
wherem X 15 halo, OC{OQIR,, nitrate v sulfale;
5 Ry and R, are aming groups o togaiher with the pladimaen alom 1o which they are
attached, Ry and Ro forntthe ring -NH~{CH ) -NHpe-whereinvis 1,2, 3, ordor Ry and Ry

together can be any of the following groups a-h;

Ry
Ry

VARV S
N , \/“/» N\ y (\/\NH? }.}

g
. / \ Mo N
N d
R, b

N ) pu—
N/ NS N Y

TR K,
€ h
£
wherein A is H, «CHs, -OCH:, CF or NOy;

10 Ryis -N{Raep+ wherein Ry 15 hydrogen or C-Cealkyh

Ruis hydrogen, Cig alkyl, or CHa-Rys:
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R 1s independently an aming, a nitro, ~NHCOH R, -~NHCOYO{R 1), -CIOINHR 0,
~OC{OINHR 1, o1 halo;

Rio s hvdrogen, Ciq alkvl, phenvl, naphthyl, Cax cvcloalkyd, norbomyd, or adamantyl;

gis{, 1or2;

Rs s a divect bond, ~-NH- or O -Cealkyviene;

or Ry and X together with the atoms to which they are attached form a 6~ or 7-membered
ring, wherein said 6- or 7-membered ring contains g linkang group ~L(OYI- or ~OC{0)-;

Ry s hydrogen, methyl, -CH(R ¥R ), ~CO0-Ryy, or - OC(O)FRy; wherein

Ry i3 hydrogen or () alkvk:

Rix is hydrogen, Ci.q alkyl, ~CH(R o} Rao), phenyd, naphthvl, iy cveloalkyl, norbornyl,
adamantyi, a natural or unpatural amimno acid or 3 peptide;

Rye is hydrogen or Cg alkyl;

Rag 18 hydrogen, Cys alkyl;

Rgis ~H or - qalkyl;

Ry is hydvogen, Cig alkyl, phenyl, naphthyl, Cup cycloaliovl, nothornyd, adamantyl, a natural
or unnatwral aming acid or a peptide;

R;; and Ry; are independently hydrogen, hydroxyl, Cig alkyl, -OCH, -CF;, NQ,, Ny, -
COOH, -CONH;, ~-CH=CH,, -C=CH, ~(CH)1-OH, «{CH)pe- Ny, -(CH)o-COOH, «(CHy )
sCH=CHL, (CH - CaCH, (CHa o (FOCHCH ) 16O |, «(CHo 3o f-OCHCHo b Ny, o -
(CH)o {(FOCHCH ), o~ COOH or etther or both of Ry and Ryp contain a reactive group on (o
which a linker and/or one or more of compound W can be added;

E 15 Ci-Cealkvlens;

(3 and Gy are independentlv N oy CRyg;

Rz is hydvogen or methyl;

compoutid W is one or more amine acids, one or more sugars, polymeric athers, Creatkyiene-
phenvi-NH-C{0)-R., folic acid, o.P; integrin RGD binding peplide, tamoxifen, endoxifen,
EGFR (epidernial growth factor receptor) antibody conjugates, kinase inhibitors, diaroles,
wiazoles, oxaroles, erlotimb, and mixfures thereof and

Z is independently one or move halo or miro, or one or more countertons sufficient to balance
the charge of the compound; and wherein

whergin Ry is a peptide;

the benrene rmg winch i3 T is optionally present, and one or more diluents, excipients,

carriers, or substance that increases bioavatlability or extends a hfetime of the compound.
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The phanmacentical composition of claim 11, wherem Gis NHor Cand Gy s L

. The pharmacewtical composition of claim 11, wherein G is NH and Gyis NH or €.

12

13

14, The pharmaceutical composition of claim 12, wherein T is not present.
15, The pharmaceutical composttion of clatm 13

. wheremn T is not present.

5 16, The pharmaceutical composition of claim 11, wherem the compound 15 a compound of

Formula i

Fornuda {1

17. A method of treating cancer in an individual in need therenl comprising administering to

said individual a compound of Formula &

¢ K, /R
I -~ P:":
Ry L we” \\
3 LK .
\'\Tl} e X
P -~ \\
Ry \
; \\
5 UK
R
f{‘)\\\ o~ ‘L\\ /'/\\
o Ry TR TRy,
i i
J l ik,
; i ;
N e N e A
PNy ANy l’_lf;:‘; S {;/./A .
e N’ ’\:/ - {
{ | '
. 1-‘;';:‘ i NN o Y
\\\;'}" M
10 Formula {
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whergin X is halo, QC{OR., nitzate or sulfate;
Ry and R, are amino groeps or together with the platimum atoms to which they are
attached, Ry and R, form the nog ~NH~{CHa-NH- whereinvis 1,2, 3, or 4 or Ry and Ry

iogether can be any of the followimng groups g~

Rys
l Ry Rey
HQN/— \NHE \\N /- ’M\\N yd /\/\
a / \ NH; NH, HpN Ny
‘ b ‘ . )

HEEN NH2

I
e
=

NH, N,

wherein A s H, -CHs, -OCH,, CFy o KO

Rz 18 ~N{Rzg) wherein Ryg is hydrogen or Cy-Caallyvl;

Ryis hvdrogen, Ciq alkvl, or CH>-Ryy;

Re 1§ independently an aming, a nifro, ~NHC{OHR 153, ~NHC{OW{ R q), ~CEONHR 0,
SOUIOINHR 4, o1 halo;

Rin is hvdrogen, Cy.q alkyl, phenyl, naphthyl, Cae cvcloalkyl, norbornyl, or adamantyl;
g, 1, or2;

Rs 3 a direct bond, ~NH-~ or {)~Cealkviene;

ot Rs and X together with the atoms to which they are attached form a 6~ or 7-membered
ving, wherein said 6~ or 7-mientbered ring comtains a Hoking groap ~C(O¥0- or ~OC{O)+
R~ 1s hysdrogen, methyl, -CHR HR ), ~COI0-Ryg, or - OC(O-Rayy; wherein

Rz is hydrogen or T alkyh

Rix is hvdrogen, Ci.q alkyl, ~CH{R R0}, phenyd, naphthyl, Ci ovcloatkyl, norboryl,
adamantvi, a natural or unnatural amino acid or a peptide;

Rio 1 hvdrogen or Cie alkvlh;

B 18 hydrogen, Cp alkyl

Rgis —H or Uy qalkyl

Ry 15 hydvogen, Cig alkyl, phenyl, naphthvl, Cis eycloalkyl, norborn, adamantyl, 8 natural

or unnatural amino acid or a peptide;

59
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Ry and Ry; ave independently hvdrogen, hydroxyl, Uy alkyl, -QCH ~CFy, KOz, -N3, -
COOH, -CONH,, ~CH=CH,, -CaCH, {CH D ~0H, -{CUH e Ny, ~{CHDLe-COOH, ~(CHay.
CH=CHs, (CH ) 6-CECH, {CHDo(-OCHCH) O, «(CH s (-OCHCH ) 6-Ns. o =
{(CH o (-OCHCH 3.~ COOH or etther or both of Ry and R;; contain g reactive group on 1o
which a linker andfor one or more of compound W can be added;

Fis Ci-Cealkvlene;

G and G, are ndependently N or CRyq

Ry 1s hydrogen or methyl;

compound W is one or more amino acids, one or move sagars, polymeric ethers, Cgalkyviene-
phenyl-NH-C(OFR 5, folic acid, o.f); integrin RGD binding peptide, tamoxifen, endoxifen,
EGER (epidermal growth factor receptor) antibody conjugates, kinase inhibitors, diaroles,
trigrodes, oxazoles, erdotimb, and mixtures thereof; and

Z 18 wdependently one or more halo or nitro, or one or more counterions sufficient o halance
the charge of the compound; and wherein

wherem Rys is a peptide; and

the benzene ring which 1s T is optionally present.

18. The method of claim 17, wherein the compound s a compound of Foranda 1L

oz

R, Rl R
P
Re BT
_N
in/ \\
B Ry
N ¢
\ I«""&\\t s .{.r:\\ i
“““ (Rg G
L NFNF
\\.\ af“:/(:;

Fornmia I

19, The method of claim 17, wherein the cancer is small-cell lung cancer.

20. The method of elaim 18, wheren the cancer is small cell lung cancer.
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pg Pt / ug DNA

Platinum Content of Extracted Nucleic Acid Material
from NCI-H460 Cells
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