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Abstract

Cyclooxygenase (COX) is an enzyme involved in tumorigenesis and is associated with tumor cell
resistance against platinum-based antitumor drugs. Cisplatin analogues were conjugated with
COX inhibitors (indomethacin, ibuprofen) to study the synergistic effects that were previously
observed in combination treatments. The conjugates ensure concerted transport of both drugs into
cells, and subsequent intracellular cleavage enables a dual-action mode. Whereas the platinum(ll)
complexes showed cytotoxicities similar to those of cisplatin, the platinum(IV) conjugates
revealed highly increased cytotoxic activities and were able to completely overcome cisplatin-
related resistance. Although some of the complexes are potent COX inhibitors, the conjugates
appear to execute their cytotoxic action via COX-independent mechanisms. Instead, the increased
lipophilicity and kinetic inertness of the conjugates seem to facilitate cellular accumulation of the
platinum drugs and thus improve the efficacy of the antitumor agents. These conjugates are
important tools for the elucidation of the direct influence of COX inhibitors on platinum-based
anticancer drugs in tumor cells.
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1. Introduction

Cisplatin and its analogues are among the most widely used chemotherapeutic agents in the
treatment of various types of cancer.l!] However, platinum-based antitumor therapy is
complicated by severe side effects and resistance of tumor cells. While the side effects
mainly result from the low selectivity of these drugs for tumor cells, many cells exhibit an
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intrinsic resistance against the agents or acquire one upon treatment. Resistance mechanisms
include decreased influx, increased efflux, detoxification of the drugs, repair or tolerance of
DNA lesions, and interference with apoptotic pathways, which are usually activated by these
drugs.[?] Implicated in cisplatin resistance is cyclooxygenase (COX), an enzyme that
catalyzes key steps in the biosynthesis of prostanoids. These mediators play an important
role in generating inflammatory responses, which are also associated with tumorigenesis.
The inducible isoform, COX-2, is overexpressed in many tumor tissues and is involved in
tumor initiation and progression.[3] COX-2 is also reported to cause poor outcome and low
overall survival in several types of cisplatin-treated cancers.[2d: 4] Therefore, COX
inhibitors, including non-steroidal anti-inflammatory drugs (NSAIDs) and COX-2-selective
inhibitors (COXIBs), are increasingly used as cancer-preventive and adjuvant
chemotherapeutic agents. Clinical studies have shown synergistic effects if various
antitumor agents (e.g., cisplatin, paclitaxel, doxorubicin) were administered in combination
with COX inhibitors, either improving the cytotoxic potency or decreasing the severity of
cisplatin-induced side effects.[>] However, the mechanisms by which COX is involved in
tumorigenesis are still largely unknown, and conflicting results have been reported. Whereas
several studies revealed the positive effects of COX inhibitors to be COX-2 independent,[®]
even antagonistic effects have been observed.[”] Furthermore, increased COX-2 expression
in tumor cells upon treatment with antitumor agents such as cisplatin was shown in
preclinical studies.®]

Prior studies to investigate the influence of COX inhibitors on the efficacy of antitumor
agents have used combination treatments resulting in potential discrepancies between
clinical and tissue culture studies. Due to differential pharmacokinetic profiles and
biodistribution parameters, delivery of the drugs to a tumor in vivo may fail to recapitulate
administration of the drugs to cells in culture when administered individually. Hence, to
study the direct influence of COX inhibitors on antitumor agents, tools that ensure concerted
transport into tumor cells and that enable intracellular release of both drugs are necessary.
To address this issue, we prepared several conjugates of cisplatin analogues and NSAIDs to
be used as single prodrugs. Our first conjugates of cisplatin with indomethacin and
ibuprofen (complexes 3 and 4, respectively) already showed much higher cytotoxicities than
cisplatin and were even able to completely overcome cisplatin-related resistance.[®] Despite
potently inhibiting COX-2 as well, the conjugates seemed to execute their cytotoxic action
via COX-2-independent mechanisms. Although less potent, the conjugate between cisplatin
and aspirin also revealed an improved efficacy of the platinum drug.[10]
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Herein we present further conjugates, including platinum(ll) and platinum(IV) complexes,
with various intracellularly cleavable linkers and investigations into their mode of action.
Only conjugation strategies that allow release of the NSAIDs (indomethacin, ibuprofen)
without derivatization upon intracellular cleavage were used, thus enabling a direct
comparison with combination treatments. Conjugation at the backbone of the non-leaving
amine ligand of a cisplatin analogue was achieved via an ester bond. Ester bonds are stable
under neutral conditions, but are cleaved in the acidic environment of the lysosome or
endosome after uptake into the cells. Furthermore, they are hydrolyzed by esterases.[11]
While the high level of esterases in the blood plasma should have a rather low impact on the
stability of the conjugate in cell-culture studies, esterase inhibitors could help prevent
undesired hydrolysis in blood during in vivo studies. Conjugate 1 was designed to release
one molecule of the NSAID along with an antitumor-active complex containing two chloro
ligands as leaving ligands. Besides conjugation at the non-leaving ligand, NSAIDs were
coordinated at platinum(ll) as leaving ligands via their carboxylic group (conjugate 2).
Dissociation of the ligands from the metal center inside the tumor cell, similar to the
activation of cisplatin, leads to release of two NSAID molecules per antitumor agent.
Whereas platinum(l1) compounds are rather labile due to dissociation, platinum(IV)
complexes are much more inert against ligand exchange. This high Kkinetic inertness even
enables oral administration, whereas platinum(l1) compounds have to be injected
intravenously.[12] As the activity is not affected, oxidation allows stabilization of
platinum(11) complexes, which reveal a promising spectrum of activity, but are hampered by
poor pharmacokinetics.[*3! Intracellular reduction of platinum(1V) complexes by redox-
active biomolecules such as glutathione (GSH) or ascorbate leads to release of the respective
antitumor-active platinum(l1) species.[*4! Furthermore, the higher lipophilicity of
platinum(1V) complexes facilitates the transport of the agents across cell membranes,
thereby increasing cellular accumulation and the efficacy of the drugs.[142 151 Exerting
activity in environments often associated with resistance to chemotherapeutic agents,
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platinum(I1V) complexes are also generally not subject to multicellular resistance.[*3] While
high levels of GSH in cisplatin-resistant cells lead to deactivation of platinum(ll) complexes,
the reducing potency of GSH may activate platinum(lVV) complexes, thereby presenting a
mechanism of circumventing cisplatin resistance. Additionally, the axial ligands enable
specific targeting of established platinum(Il) drugs or the introduction of a dual mode of
action, as derivatization of the equatorial ligands is not necessary. In this study, NSAIDs
served as axial ligands of oxidized cisplatin (conjugates 3 and 4)[ and oxaliplatin
(conjugates 5 and 6), enabling release of the platinum-based agents along with two
molecules of the respective COX inhibitor upon intracellular reduction.

2. Results and Discussion

2.1. Synthesis of conjugates

Indomethacin, an unselective COX inhibitor, was chosen for an ester-linked conjugate 1. As
indomethacin esters have been reported to be COX-2 selective,[6] and COXIBs are
selectively accumulated in tumors,[17] this NSAID could help enrich the conjugate in tumor
cells. Formation of the ester bond was carried out after coordination of diaminopropanol at
platinum(Il) by using BOP-CI (N,N’-bis(2-oxo0-3-oxazolidinyl)phosphinic chloride) as
activating agent (Scheme 1). Thereby, the coordination at platinum was also used as a
protecting strategy for the amine groups during esterification to prevent the formation of
amide bonds. Attempts to coordinate the respective diaminopropany! ester of indomethacin
at platinum(l1) resulted in rearrangement of the ester to an amide upon the required usage of
a base.

In contrast to the use of an ester linkage, the NSAID ibuprofen in conjugate 2 was
coordinated directly at the metal center via its carboxylic group. Several approaches for the
synthesis of platinum(l1) carboxylato complexes have been described. The synthetic
procedures usually start from the respective diamine complex containing chloro or iodo
ligands and involve the use of a silver salt to achieve coordination of the carboxylic acid at
the metal center. If the product complex is water soluble, it is most convenient to precipitate
the by-products from the reaction mixture (e.g., AgCl).[8] In the case of conjugate 2,
however, the water solubility of the product complex is extremely low, so that any by-
product should remain in the aqueous reaction solution or evolve as gas to ensure separation
from the precipitating product. Therefore, [PtCl,(en)] (en: ethylenediamine) was treated
with AgNO3 to form the respective diaqua complex [Pt(OH5;)»(en)](NO3),, which was then
further reacted with the sodium salt of ibuprofen.[182. ¢. 191 The reaction, however, led to a
mixture of the desired product 2 and side products, which probably resulted from salt
formation between the starting materials. Therefore, conjugate 2 was instead prepared by
reaction of ibuprofen with a platinum(ll) carbonato complex [Pt(CO3)(en)], which was
formed by reacting [PtCl,(en)] with Ag,CO3.1201 With the only by-products being water and
carbon dioxide, complex 2 could be obtained in high purity. Attempts to synthesize the
respective indomethacin analogue were not successful. Although this conjugate was formed,
it seemed to decompose, as it turned black upon isolation and could therefore not be
prepared as a pure compound. The sterically more demanding indomethacin ligands might
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lead to destabilization of the conjugate. Furthermore, due to the more hydrophobic ligands,
the indomethacin conjugate revealed even lower water solubility than conjugate 2.

The platinum(1V) conjugates 3, 4, 5, and 6 were synthesized by reacting the
dihydroxoplatinum(IV) analogue of cisplatin or oxaliplatin with the acyl chloride of the
respective NSAID (indomethacin, ibuprofen) in the presence of a base.[®: 211 All conjugates
were identified by various analytical methods, including NMR and IR spectroscopy as well
as mass spectrometry.

2.2. Release of antitumor-active species

The platinum(l1) conjugates 1 and 2 are expected to execute their antitumor activity similar
to cisplatin via dissociation of their leaving ligands. Analogous to cisplatin, both conjugates
undergo rapid exchange of one ligand upon dissolution in DMSO, resulting in the formation
of the respective mono-cationic derivatives (Scheme S1, Supporting Information).[22] As a
soft metal, platinum prefers coordination of soft S-donors to hard O-donors, resulting in fast
ligand exchange at platinum(ll) complexes and strong coordination of the nucleophilic
sulfur atom of DMSO at the metal center. While in conjugate 1 one chloro ligand is
exchanged, conjugate 2 releases one ibuprofen molecule, enabling a dual action mode of
both drugs. The time courses of the dissociation of 1 and 2 were followed by IH NMR
spectroscopy, and the formed species were further proved by mass spectrometry (Figure S1,
Supporting Information). The ligand exchange started immediately upon dissolution of the
conjugates in DMSO and was completed within less than one day.[22d] Similar to solvolysis
in DMSO, aquation of the conjugates is expected, enabling intracellular activation prior to
binding to DNA.

In contrast to platinum(Il) complexes, platinum(1V) complexes are kinetically inert to ligand
exchange, thus enabling oral administration.[121 However, these complexes are
intracellularly reduced by redox-active biomolecules, such as GSH and ascorbate, to more
labile platinum(11) complexes.[*4] Thus, their pharmacological profile is significantly
influenced by the reduction potential, and this in turn depends on the nature of the axial
ligands. Reduction of platinum(IVV) complexes most readily occurs with axial chloro ligands,
least readily for axial hydroxo ligands and is intermediate for axial carboxylato ligands.[23]
Reduction potentials that are too high lead to reduction in the blood, resulting in severe side
effects (e.g., tetraplatin, systemic toxicity),[24] while excessively low potentials result in
excretion of the intact compounds (e.g., iproplatin, weak activity).[25] The platinum(IV)
conjugates 3, 4, 5, and 6 showed irreversible reduction, resulting in only one peak in the
cyclic voltammograms (Figure S2, Supporting Information), which is caused by the loss of
the axial ligands and change of the coordination geometry.[°®] All conjugates exhibited
similar reduction potentials (Table 1) which are similar to those of other reported
platinum(1V) carboxylato complexes.[15d: 26] The intermediate reduction potentials should
ensure in vivo stability of the complexes in blood during transport but enable intracellular
reduction. In addition to the reduction potential, the biological properties of platinum(1V)
compounds are also influenced by the reduction rate of the complexes.[23] Reduction of the
platinum(1V) conjugates by redox-active biomolecules was demonstrated by incubation of 3
and 4 with ascorbic acid at 37°C and monitoring by *H NMR spectroscopy.[®! About 40% of
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the conjugates were reduced within three days, a reduction rate which should be compatible
with the clearance rate of such drugs.[?7]

2.3. COX inhibition

Although the conjugates are expected to be cleaved intracellularly, they might also be
capable of binding at the COX enzyme and could thereby contribute to targeted delivery of
the antitumor agents.[17] The COX potency and selectivity of the conjugates were tested on
the purified COX-1 and COX-2 enzymes (Table 2). Neither of the isoforms was inhibited by
any of the ibuprofen conjugates (2, 4, or 6). Ibuprofen itself is a weak, rapidly reversible
inhibitor of COX (IC50(COX-2): >25 uw),[28] and this probably results in only weak binding
of the conjugates as well.[2%] In contrast, the indomethacin conjugates (1, 3, and 5) represent
potent COX inhibitors with different activities and selectivities. Conjugate 1 inhibited the
enzymes unselectively with a rather low potency. Although the 1Csq values of this
compound resemble those of indomethacin (1C59(COX-1): 0.05 pw, 1C50(COX-2): 0.75
tm),[16] the ester bond of the conjugate should be stable under the applied assay conditions
and not lead to a release of indomethacin. Conjugation with the platinum complex via the
short linker, however, might hinder a strong interaction with the enzymes. The platinum(IV)
conjugates 3 and 5 revealed markedly higher COX inhibitory activity, but showed different
selectivities for the isozymes. Whereas 3 is highly COX-2 selective,[®] conjugate 5 was
COX-1 selective, although the complexes only differ in their equatorial coordination
spheres. Esterification of indomethacin often generates inhibitor selectivity for COX-2.[16]
Analogously, conjugate 3 represents a highly potent inhibitor with 100-fold selectivity for
COX-2. The different equatorial ligands in 5, however, seem to result in a different binding
mode at the enzyme leading to COX-1 selectivity. To get insight into the binding modes,
docking studies were carried out for the two conjugates. The predicted trends are in
agreement with the results of the inhibition studies. While 3 favors COX-2 over COX-1, 5
might only bind at COX-1 but not at COX-2 (Table S3, Supporting Information). With one
indomethacin unit bound in the active site, the equatorial ligands of the complexes interact
with side chains at the entrance of the catalytic domain while the second indomethacin unit
protrudes into the membrane-binding domain of the enzymes (Figures S5-S7, Supporting
Information). The different orientations and interactions of the equatorial ligands, cisplatin
and oxaliplatin, with the isoforms seem to lead to the COX selectivities of the conjugates.
The high COX-2 selectivity of 3 might result from an additional interaction of the outer
indomethacin unit with the active site (Figure S4, Supporting Information). In contrast, the
constricted entrance in COX-2 might hinder 5 with the large equatorial oxaliplatin from
reaching the active site (Figure S6, Supporting Information). Upon entry of tumor cells,
either the released NSAIDs or even the intact conjugates could lead to COX inhibition and
thus decrease tumor-associated inflammation, as shown for a similar conjugate between
cisplatin and aspirin.[10a]

2.4. Antitumor activity

To evaluate their potential as antitumor agents, cell proliferation assays of the conjugates
were carried out on two tumor cell lines with different sensitivities toward cisplatin and
different levels of COX-2 expression (Table 2). While the cisplatinsensitive HCT 116 cells
(colorectal carcinoma) do not express COX-2, MDA-MB-231 cells (breast adenocarcinoma)
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show high constitutive COX-2 expression and are cisplatin resistant.[®] Although bearing
one or two NSAID molecules, conjugates 1 and 2 were less potent than cisplatin in the
tested cell lines. The coupled COX inhibitors unfavorably led to a markedly decreased
solubility of these complexes so that neither growth medium nor DMF could be used as
solvents, but DMSO instead had to be used for the preparation of the stock solutions.
Although the samples were immediately diluted with medium, the fast solvolysis in DMSO,
as described above, probably led to partial ligand exchange at the complexes. Due to the
strong coordination of sulfur at platinum, binding of DMSO at the metal center usually leads
to a decrease of the cytotoxic activity of platinum(l1) complexes.[22d. . 30] Steric hindrance
of the strongly bound DMSO results in a decreased ability of the DMSO adducts to bind at
double-stranded DNA. Therefore, a sample of conjugate 1 was also pre-incubated in DMSO
for 24 h prior to dilution with growth medium to form the respective mono-cationic DMSO
complex with a chloride counter-ion. Indeed, the cytotoxicity of 1 decreased after
preincubation. However, the 1Cgq values only slightly differed from those of the
immediately diluted sample, thereby confirming that the determined values of 1 and 2 rather
represent those of the solvolyzed and thus deactivated compounds. Thus, due to their low
solubility as well as their rather low cytotoxicity and lability, these conjugates are less
suitable as dual-acting antitumor agents.

In contrast, the platinum(lV) conjugates 3, 4, 5, and 6 revealed markedly higher cytotoxic
activities than cisplatin.[° Notably, the ibuprofen conjugates 4 and 6 showed the highest
antitumor activities, with conjugate 4 being the most potent, exhibiting an 1Csq value in the
low-nanomolar range. The conjugates are among the most active compounds of the class of
platinum(1V) carboxylato complexes, most of which exhibited potencies similar to that of
cisplatin.[10. 15¢, d. 26a, 31] Only few of the previously reported derivatives have shown highly
increased cytotoxicities, with activities in the sub-micromolar range.[15d: 321 Especially
potent, however, are the benzoate derivatives, which resemble the structure of the ibuprofen
conjugates and showed activities similar to 4 and 6.[150. & 33] The NSAID conjugates were
also able to completely overcome cisplatin-related resistance in MDA-MB-231 breast cancer
cells. Although this cell line shows constitutive expression of COX-2, the expression of this
isozyme does not necessarily cause resistance of tumor cells against platinum-based
agents.[®] The highly resistant cell line, however, expresses a mutant p53 protein, which
results in resistance to cisplatin-induced apoptosis.[34] Furthermore, overexpression of anti-
apoptotic Bcl-2 proteins[35] and 1B kinasel36] are reported to promote chemoresistance in
this cell line.

To evaluate whether the cytotoxicity of the platinum(lVV) complexes is associated with
apoptosis, the cleavage of poly-(ADP-ribose) polymerase (PARP) was determined after
incubation of the tumor cells with conjugate 3 or 4. PARP is a key nuclear enzyme in DNA
repair and plays an important role in programmed cell death. The cleavage of PARP1,
analyzed by western blot, revealed the induction of apoptosis by the conjugates in both cell
lines (Figure S3, Supporting Information) similar to cisplatin, with a faster induction in the
more sensitive HCT 116 cells.[22f. 37]

The cytotoxicities of the conjugates were similar for a distinct NSAID, although the
complexes differ in the released antitumor agent, cisplatin or oxaliplatin. Thus, differences
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in the cytotoxicity mainly depended on the conjugated NSAID, indomethacin or ibuprofen,
whereas the reduction potentials were similar for all platinum(IV) conjugates. However,
while the indomethacin conjugates (3 and 5) represent potent COX inhibitors, the non-
inhibiting ibuprofen conjugates (4 and 6) revealed the highest potencies in tumor cells.
Furthermore, the cytotoxic activities per conjugate were similar in both cell lines. Thus, the
cytotoxicity of the complexes is unrelated to the COX inhibitory activity of the conjugates,
the potency of the coordinated NSAID or the COX-2 expression of the tumor cell lines.
Consistently, combined treatment of the cancer cells with cisplatin and the respective
NSAID (ratio 1:2) did not reveal any increase in cytotoxicity over that of cisplatin alone,®]
which was similarly observed for the combination of cisplatin with aspirin.[10a]
Furthermore, the NSAIDs themselves did not reveal antitumor activity at pharmacological
concentrations.[5¢ 91 These findings are consistent with previous studies suggesting that the
positive effects of COX inhibitors on the potency of antitumor agents are COX-2-
independent.[®] Notably, indomethacin and ibuprofen differ in their lipophilicity. While
indomethacin represents a highly lipophilic molecule (logP 4.27),[38 ibuprofen exhibits
intermediate lipophilicity (logP 3.50).138] Consequently, the indomethacin conjugates should
be more lipophilic than the ibuprofen analogues. In general, the lipophilicity of platinum(1V)
complexes is strongly correlated with drug accumulation,[3%] and the increased uptake
usually improves the efficacy of drugs.[142 151 However, the beneficial effect of increased
lipophilicity reaches an upper limit when the corresponding drop in water solubility limits
the bioavailability of the complex.[40! Thus, the high lipophilicity of the indomethacin
conjugates might impede passing of cell membranes and accumulation in cells.

platinum accumulation

To investigate if conjugation of COX inhibitors facilitates the uptake of the antitumor drugs
into cells, the cellular platinum accumulation for conjugates 3, 4, 5, and 6 was determined
for both tumor cell lines and compared with that of cisplatin (Figure 1 and Supporting
Information Table S2). After incubation of the tumor cells for a short duration — sufficient
for drug uptake, but insufficient for post-exposure modification or cell death — the total
platinum accumulation (net effect of influx and efflux) was determined by ICP-MS. All
platinum(1V) conjugates revealed a higher platinum accumulation than cisplatin and the
determined values were similar to those of other accumulation studies.[10P. 1501 Although the
most potent conjugates 4 and 6 showed some of the highest accumulation values, the
platinum uptake did not directly correlate with cytotoxicity. While the uptake of
indomethacin conjugate 5 was only slightly higher than that of cisplatin, the uptake of its
congener 3 was even higher than that of the ibuprofen derivatives. Despite the overall
correlation between complex lipophilicity and accumulation, the lipophilicity does not fully
rationalize the uptake trend, implying that the uptake is not based solely on passive diffusion
and that there could be more complex drug—membrane interactions.[5P] Active transport
processes might be involved, such as the copper transporter CTR1, reported to participate in
the uptake of cisplatin.[*1] Otherwise, efflux mechanisms, such as the multidrug resistance
transporter (MDR1) P-glycoprotein (Pgp), could also play a role. Although cisplatin itself is
not a substrate of Pgp,[42! lipophilicity is a main descriptor for Pgp substrates.[43] In contrast
to other transporters, Pgp recognizes its substrates when dissolved in the lipid membrane,[44]
implying that the membrane concentration of the substrate determines activation.[4°]

ChemMedChem. Author manuscript; available in PMC 2016 January 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Neumann et al.

Page 9

Furthermore, it has to be taken into account that the cellular accumulation was measured
after a short incubation time (2 h), whereas the 1Cgq values were determined after a long
exposure time (72 h), so that the equilibrium of uptake and efflux might not have been
reached for every conjugate by then.[15d] In general, the cytotoxic activity of the conjugates
seems to be mainly associated with the cellular uptake of the drugs. Congruently, the drug
accumulation per compound was similar for both cell lines, as was cytotoxic activity.
Although COX-2 inhibitors are selectively accumulated in COX-2-expressing tumors,[17]
the COX-2 expression in MDA-MB-231 cells seemed not to enhance the uptake of COX-2-
selective 3. The trend of accumulation was similar to that of the other conjugates, all
revealing a slightly higher accumulation in MDA-MB-231 than in HCT 116 cells. As COX
is an integral membrane protein, localized in the endoplasmic reticulum and the nuclear
envelope, intracellular reduction of the conjugate probably impedes selective accumulation
of the platinum complex. However, combination treatments revealed that indomethacin can
lead to an increased intracellular uptake of cisplatin, even when administered individually.
This was explained by changes in the fatty acid composition in tumor cells, which altered
membrane fluidity and permeability and thus affected the entry of agents.[>]

3. Conclusions

The NSAIDs indomethacin and ibuprofen were conjugated with cisplatin analogues to
explain the synergistic effects that were observed in combination treatments.[?l Different
intracellularly cleavable linking strategies were used for the platinum(ll) and platinum(IV)
conjugates, ensuring a concerted transport of both drugs into tumor cells as well as enabling
release and simultaneous action of the agents inside the cells. The platinum(ll) complexes
revealed cytotoxic activities similar to that of cisplatin. In contrast, the platinum(lV)
complexes, which are activated upon intracellular reduction, showed remarkably higher
cytotoxicities in all tested tumor cell lines and were able to completely overcome cisplatin-
related resistance. Although the indomethacin conjugates were potent COX inhibitors, they
appear to execute their cytotoxic action via COX-independent mechanisms. Their cytotoxic
activities were similar in all cell lines independent of COX-2 expression and the COX
potency of the conjugate or the respective NSAID. However, the potent platinum(lV)
conjugates exhibited an increased accumulation in the cells relative to that of cisplatin,
probably resulting from their higher lipophilicity and kinetic inertness and thus leading to a
clearly enhanced cytotoxicity.

The conjugates and the combination treatments of the cells carried out in this study revealed
no synergistic effects based on COX inhibition. In contrast, cell culture studies revealed
direct chemosensitizing effects of indomethacin on cisplatin, either using a large excess of
the NSAID, 6] or even if the inhibitor was only used as low concentrated additive.[5¢]
However, disparities in the effects of indomethacin between in vitro and in vivo studies were
also reported.[3¢: 48] The NSAIDs used in in vivo treatments possibly did not directly inhibit
tumor growth, but led to its suppression by modulating the cytokine production associated
with inflammation and by regulating the formation of immunosuppressive prostaglandin Eo,
thus modifying cellular immune responses.[5¢ 471 The conjugates reported herein might also
decrease tumor-associated inflammation by the released NSAIDs and might have the
potential to reduce the severity of cisplatin-induced side effects similar to aspirin.[10a 48]
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However, due to the different pharmacokinetics and biodistribution parameters, the drugs
might act at different compartments of the body, leading to a synergy when administered
successively. Thus, our investigations using conjugates demonstrate that the observations of
combination treatments are not directly transferable onto dual-acting prodrugs and that the
conjugates are important tools for the elucidation of the direct influence of COX inhibitors
on cisplatin analogues in cells.

Experimental Section

Synthesis of conjugates

General—Syntheses of conjugates 1, 5 and 6 were carried out under a nitrogen atmosphere.
Chemicals were used as purchased. Anhydrous dichloromethane was purified using an
MBRAUN Solvent Purification System MB SPS-800; acetone was dried over molecular
sieves (3 A); pyridine was dried over CaH, and distilled under nitrogen atmosphere.
Indomethacin and ibuprofen acyl chloride,[4%1 (2-hydroxy-1,3-diaminopropane-i2N,N’)-
dichloro platinum(11) [PtCl,(HO-pda)],[>%! (ethane-1,2-diamine)-dichloro platinum(1)
[PtCl,(en)], [P (SP-4-2)-(trans-R R-cyclohexane-1,2-diamine)-oxalato platinum(11) [Pt(ox)
(DACH)],52] (SP-4-2)-(trans-R,R-cyclohexane-1,2-diamine)-dihydroxo(oxalato)
platinum(1V) [Pt(OH),(ox)(DACH)],[53] and conjugates 3 and 4[%1 were prepared according
to the respective published procedures. NMR spectra were recorded on a Bruker AVANCE
DRX 400 (400 MHz), a Bruker AVANCE |11 HD (400 MHz) or a VARIAN Mercury 300
plus (300 MHz) spectrometer; 1H and 13C NMR spectra were referenced to
tetramethylsilane (TMS) as internal standard; 9Pt NMR spectra were referenced to
Nay[PtClg] as external standard. FTIR spectra were recorded on a PerkinElmer System 2000
FTIR spectrometer, scanning between 400 and 4000 cm™1. Mass spectra were recorded on
an ESQUIRE 3000 Plus Bruker-Daltonics ESI spectrometer; HR mass spectra were recorded
on a7 Tesla Apex Il Bruker-Daltonics ESI-FT-ICR spectrometer. Melting points were
measured in sealed tubes.

[PtCly(indomethacin 1,3-diaminopropan-2-yl ester)] (1)—Triethylamine (0.34 mL,
2.4 mmol, 4 equiv) was added to a suspension of indomethacin (0.43 g, 1.2 mmol, 2 equiv)
and N,N’-bis(2-oxo-3-oxazolidinyl) phosphinic chloride (BOP-CI) (0.31 g, 1.2 mmol, 2
equiv) in CH,Cl, (30 mL) and the reaction mixture was stirred for 10 min. [PtCl,(HO-pda)]
(0.21 g, 0.6 mmol, 1 equiv) was added to the then clear solution and the resulting suspension
was stirred at room temperature for 3 days in the dark. The solvent was evaporated and after
addition of water (30 mL), the excess indomethacin was extracted with Et,O. The solid was
filtered off and washed with water, EtOH and Et,O and dried in vacuo to give compound 1
as a beige powder (0.16 g, 37 %): mp: decomposition above 229°C; 1H NMR (400 MHz,
[D7]IDMF): 8 = 2.33 (s, 3 H, CH3), 2.95 (m, 2 H, CH5), 2.99 (m, 2 H, CH,), 3.85 (s, 3 H,
OCHj3), 4.00 (s, 2H, OOC-CHjy), 5.09 (m, 2H, NH5), 5.25 (m, 1H, CH), 5.43 (m, 2H, NH>),
6.77 (dd, 1H, 33y py = 12 Hz, 43y y = 4 Hz, CHjng), 7.06 (d, 1 H, 33y jy = 12 Hz, CHINM), 7.22
(d, 1 H, %Iy 4 = 4 Hz, CHjng), 7.72 (d, 2 H, 334 1y = 8 Hz, CHpne), 7.81 ppm (d, 2 H, 3Jy =
8 Hz, CHpne); 13C{1H} (75 MHz, [D7]DMF): § = 170.5 (Cy), 168.8 (Cg), 156.8 (Cg), 138.7
(Cg), 136.5 (Cy), 135.3 (Cy), 132.0 (CHppe), 131.7 (Cy), 131.4 (Cy), 129.8 (CHppe), 115.4
(CHina), 113.6 (Cg), 112.1 (CHing), 102.3 (CHing), 70.2 (CHpga), 55.9 (O-CHa), 45.2 (CHy),
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30.4 (CH2,pda), 29.8 (CH2 pda), 13.5 ppm (CHg); IR (KBr): v = 3440 (br), 3256 (s), 3214 (s),
3123 (m), 2961 (m), 2835 (w), 1744 (s), 1683 (s), 1591 (s), 1509 (w), 1506 (w), 1477 (s),
1456 (s), 1438 (m), 1401 (m), 1359 (s), 1322 (s), 1291 (m), 1261 (s), 1224 (s), 1153 (s),
1089 (s), 1069 (s), 1033 (s), 1015 (s), 956 (w), 926 (m), 911 (w), 853 (m), 833 (m), 805 (m),
755 (m), 739 (w), 711 (w), 690 (w), 673 (w), 660 (w), 631 (w), 601 (w), 566 (W), 549 (w),
482 (W), 468 (W), 434 (w), 414 cm~1 (w); ESI-MS (positive mode, DMSO/CH30H) nvz
(%): 718 (100) [M+Na]*, 738 (72) [M-CI+DMSO]*; HR-ESI-MS (positive mode,
DMSO/CH30H) myz [M—CI+DMSO]*: calcd for Co4H39N305SPtCl, : 738.0912, found:
738.0911; the observed isotopic patterns were in agreement with the calculated ones.

[Pt(ibuprofen-H),(en)] (2)—[PtCly(en)] (0.50 g, 1.5 mmol, 1 equiv) and Ag,CO3 (1.27 g,
4.6 mmol, 3 equiv) were suspended in water (125 mL) and after short sonication the reaction
mixture was stirred at room temperature for 2.5 days in the dark. The formed AgCl was
removed by filtration through Celite. Ibuprofen (1.27 g, 6.2 mmol, 4 equiv) was added to the
solution and after short sonication the reaction mixture was stirred at 55°C for 14 h in the
dark. The solvent was evaporated and the solid was suspended in Et,0 and left to settle
overnight. The precipitated solid was filtered off and washed with Et,O to remove the
excess ibuprofen. The solid was further washed with small amounts of water, EtOH and
Et,O and dried in vacuo to give compound 2 as a beige powder (0.11 g, 10%): mp:
decomposition above 197°C; IH NMR (400 MHz, [D7]DMF): § = 0.87 (d, 12H, 3Jy 4 = 8
Hz, CH3), 1.29 (d, 6 H, 34 4 = 8 Hz, CH3), 1.82 (m, 2H, CH), 2.33 (m, 4 H, N-CHp), 2.42
(d, 4 H, 334 4 = 8 Hz, CHp), 3.51 (m, 2 H, CH), 5.78 (br s, 2 H, NHy), 5.82 (br s, 2H, NHy),
7.05 (d, 4H, 33y 1 = 8 Hz, CHppe), 7.26 ppm (d, 4 H, 334 i = 8 Hz, CHppe); 13C{*H} (100
MHz, [D7]DMF): 8 = 181.3 (Cg), 141.7 (Cq), 139.1 (Cg), 128.8 (CHpne), 127.5 (CHphe),
48.6 (CH,), 47.2 (CH), 44.9 (CH,), 30.3 (CH3), 22.1 (CH3), 20.0 ppm (CH); IR (KBr): v =
3427 (br), 3268 (s), 3214 (s), 3022 (m), 2956 (s), 2928 (s), 2869 (m), 2848 (m), 1618 (s),
1513 (m), 1463 (m), 1456 (m), 1420 (w), 1377 (s), 1349 (s), 1261 (m), 1245 (m), 1191 (w),
1165 (w), 1115 (w), 1094 (w), 1058 (m), 1022 (w), 922 (w), 888 (w), 849 (w), 802 (m), 757
(w), 737 (w), 705 (w), 677 (w), 661 (w), 638 (w), 590 (w), 569 (w), 550 (w), 502 (w), 484
(w), 438 (w), 417 (w), 409 cm~1 (w); ESI-MS (positive mode, DMSO/CH30OH) m/z (%):
460 (38) [M—ibuprofen]*, 538 (100) [M-ibuprofen+DMSQ]*, 688 (57) [M+Na]*, ESI-MS
(negative mode, DMSO/CH30H) m/z (%): 701 (100) [M+CI]™; HR-ESI-MS (positive mode,
DMSO/CH3;0H) mz [M+Na]*: calcd for CogH4oN>O4PtNa: 688.2687, found: 688.2692; the
observed isotopic patterns were in agreement with the calculated ones.

[Pt(indomethacin-H),(ox)(DACH)] (5)—Pyridine (0.2 mL, 2.5 mmol, 10 equiv) was
added to a suspension of [Pt(OH),(ox)(DACH)] (0.10 g, 0.2 mmol, 1 equiv) in acetone (6
mL). A solution of indomethacin acyl chloride (0.44 g, 1.1 mmol, 5 equiv) in acetone (12
mL) was added and the reaction mixture was held at reflux (75 °C) for 8 h and stirred at
room temperature for another 1.5 days. The reaction was quenched with water (10 mL) and
the solvent was evaporated. The excess indomethacin was extracted with Et,O and the
remaining solid was filtered off, washed with water, EtOH and Et,0 to remove the formed
pyridinium salt and dried in vacuo to give compound 5 as a pale yellow powder (0.13 g,
48%): mp: decomposition above 212°C; IH NMR (400 MHz, [Dg]DMSO): § = 0.94 (m, 2H,
CHDACH): 1.31 (m, 2H, CHDACH)v 1.45 (m, 2H, CHDACH), 2.04 (m, 2H, CHDACH): 2.17 (S,
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6 H, CH3), 2.45 (m, 2 H, CHpacp), 3.68 (M, 4 H, CHy), 3.76 (s, 6H, OCHj5), 6.69 (dd,

2H, 33y 1y = 8 Hz, 43y 1y = 2 Hz, CHipg), 6.89 (d, 2H, 334 y = 8 Hz, CHjng), 7.02 (d,

2H, 434 1 = 2 Hz, CHipg), 7.64 (d, 2H, 334 4 = 8 Hz, CHppe), 7.69 (d, 2 H, 33y 4 = 8 Hz,
CHphe), 8.06 (M, 2H, NH>), 8.34 ppm (m, 2H, NH,); 23C{1H} (100 MHz, [Dg]DMSO):
8=178.5 (Cg), 168.3 (Cg), 163.8 (Cg), 156.0 (Cy), 138.0 (Cy), 135.4 (Cy), 134.6 (Cy), 131.7
(CHphe), 131.2 (Cg), 130.7 (Cg), 129.4 (CHphe), 115.0 (CHing), 114.6 (Cy), 111.6 (CHing),
102.4 (CHing), 61.6 (CH), 55.9 (O-CHg), 31.9 (CHy), 31.4 (CH,), 24.9 (CH,), 13.8 (CH3)
ppm; 195Pt{1H} (86 MHz, [Dg]DMSO): § = 1605 ppm (br s); IR (KBr): v = 3436 (br), 3246
(W), 3098 (w), 2937 (m), 1733 (s), 1708 (w), 1679 (s), 1648 (m), 1595 (m), 1554 (w), 1515
(W), 1506 (W), 1477 (s), 1456 (m), 1400 (w), 1372 (m), 1355 (s), 1323 (s), 1287 (m), 1261
(m), 1225 (s), 1179 (m), 1145 (m), 1089 (m), 1068 (m), 1034 (m), 1015 (m), 927 (w), 882
(w), 834 (w), 805 (m), 755 (m), 738 (w), 725 (w), 689 (w), 629 (w), 580 (w), 550 (w), 517
(W), 502 (w), 482 (w), 441 (w), 417 cm™L (w); ESI-MS (positive mode, DMSO/CH30H) m/z
(%): 1133 (100) [M+Na]*, ESI-MS (negative mode, DMSO/CH30H) m/z (%): 1109 (100)
[M-H]~; HR-ESI-MS (positive mode, DMSO/CH30H) m/z [M+Na]*: calcd for
C46H44N4012PtCloNa: 1133.1869, found: 1133.1860; the observed isotopic patterns were in
agreement with the calculated ones.

[Pt(ibuprofen-H),(0x)(DACH)] (6)—The synthesis was carried out as described for 5,
with [Pt(OH),(ox)(DACH)] (0.20 g, 0.5 mmol, 1 equiv) and ibuprofen acyl chloride (0.44 g,
2.0 mmol, 5 equiv). After extraction of excess of ibuprofen with Et,0, the remaining solid
was washed with water and Et,O to give compound 6 as a white powder (0.21 g, 55%): mp:
decomposition above 190°C; IH NMR (400 MHz, [Dg]DMSO): § = 0.85 (d, 12H,, 3JH,H =6
Hz, CHg), 0.94 (m, 2 H, CH), 1.24 (m, 2H, CHpach), 1.29 (d, 6 H, 3Jy 4 = 8 Hz, CHy),
1.42 (m, 2H, CHDACH)1 1.78 (m, 2H, CHDACH)v 2.00 (m, 2 H, CHDACH): 2.24 (m, 2H,
CHpacH), 2:38 (d, 4 H, 33y 4 = 8 Hz, CHp), 3.69 (g, 2H, 33y 4 = 8 Hz, CH), 7.03 (d,

4H, 334 4 = 8 Hz, CHppe), 7.15 (d, 4 H, 334 4 = 8 Hz, CHppe), 8.09 (M, 2H, NH,), 8.33 ppm
(m, 2 H, NHy); 33C{*H} (100 MHz, [Dg]DMSO): § = 182.3 (Cy), 163.5 (Cq), 139.8 (Cg),
139.4 (Cg), 129.3 (CHpne), 127.6 (CHppe), 61.4 (CH), 46.7 (CH), 44.7 (CHy), 31.4 (CHy),
30.1 (CH3), 23.9 (CHy), 22.7 (CH3), 19.7 (CH), 19.2 ppm (CH); 195Pt{1H} (86 MHz,
[Dg]DMSO): 6 = 1596 ppm (br s); IR (KBr): v = 3452 (br), 3180 (m), 3091 (m), 3054 (m),
3025 (m), 2954 (s), 2868 (m), 1732 (s), 1695 (m), 1646 (m), 1575 (m), 1554 (m), 1536 (w),
1513 (m), 1456 (m), 1420 (w), 1345 (s), 1302 (m), 1261 (m), 1224 (m), 1180 (m), 1137 (w),
1094 (w), 1065 (m), 1023 (m), 921 (w), 891 (w), 850 (w), 808 (m), 758 (w), 732 (w), 703
(W), 672 (W), 644 (w), 578 (W), 551 (W), 509 (W), 462 (W), 444 (W), 426 (W), 417 cm™1 (w);
ESI-MS (positive mode, DMSO/CH3;0H) nmvz (%): 830 (100) [M+ Na]*, ESI-MS (negative
mode, DMSO/CH30H) m/z (%): 806 (100) [M—H]~; HR-ESI-MS (positive mode,
DMSO/CH3;0H) mz [M+Na]*: calcd for C34H4gN>OgPtNa: 830.2954, found: 830.2958; the
observed isotopic patterns were in agreement with the calculated ones.

Solvolysis experiments

Conjugate 1 or 2 was dissolved in [Dg]DMSO at room temperature. Solvolysis was
monitored by recording 1H NMR spectra at different time intervals. Solvolysis products
were further characterized by ESI-MS (positive mode, [Dg] DMSO/CH30H; see Supporting
Information).
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Cyclic voltammetry

Electrochemical measurements were conducted at ambient temperature (~20°C) using a
potentiostat/galvanostat SP-50 (Bio-Logic SAS, France), equipped with a three-electrode
cell. A glassy carbon electrode was used as working electrode, a platinum wire as counter
electrode and an Ag wire as reference electrode. A 1 mw solution of conjugate 5 or 6 in 0.1wm
(nBusN)BF4/DMF was purged with nitrogen before measurement of the potentials at a scan
rate of 100 mVs~1. Ferrocene [Fe(n°-CsHs),] was used as internal standard (Ej, = +0.72 V
vs. NHE in DMF),[54] and the potentials were quoted relative to the normal hydrogen
electrode (NHE) (Figure S2 and Table S1, Supporting Information).

Biological methods

COX inhibition assays—COX inhibitory activity was assayed by a method that
quantifies the COX-mediated conversion of [1-14Clarachidonic acid to [1-14C]prostaglandin
products. Stock solutions of the compounds were prepared in DMF (1, 2) or DMSO (5, 6).
The compounds were tested for inhibition of ovine COX-1 and murine COX-2 by a
published procedure.[18] Briefly, hematin-reconstituted ovine COX-1 (44 nw) or murine
COX-2 (66 nw) was pre-incubated in 100 mw Tris:HCI (pH 8.0) (Tris:
tris(hydroxymethyl)aminomethane) containing 500 pw phenol for 20 min with 5 pL DMSO
or the test compound at various concentrations followed by the addition of
[1-14C]arachidonic acid (50 pw) for 30 s at 37°C. Total reaction volume was 200 pL and
final DMF or DMSO concentration was 2.5 %. Reactions were terminated, processed and
analyzed as stated in the above reference. Product conversion for control protein (DMF- or
DMSO-treated) was limited to 30-35% of total substrate in the reaction. [1-14C]Arachidonic
acid (=55 mCi mmol~1) was purchased from PerkinElmer (Waltham MA, USA) and TLC
plates (EMD Kieselgel 60, 20x20 cm with pre-concentration zone, EM-11798-7) were
obtained from VWR (West Chester, PA, USA).

Cell lines and tissue culture conditions—The human cell lines HCT 116 (colorectal
carcinoma, no COX-2 expression) and MDMBA-231 (breast adenocarcinoma, COX-2
expression) were purchased from ATCC. The cells were maintained in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS; Atlas Biologicals, Fort Collins, CO, USA)
without antibiotics and were cultured in monolayer and maintained at 37 °C supplemented
with 5% COs.

Cell proliferation assays—Stock solutions of the conjugates were prepared by
dissolving the compounds in DMSO (1 and 2: 0.006-12.5 mw; 5 and 6: 0.006—25 mw). The
stocks were further diluted with RPMI-1640 medium (0.02-100 pwm) before addition to the
cells. The low solubility of 1 and 2 impeded preparation of stocks in PBS (phosphate-
buffered saline) buffer or DMF and DMSO was used instead. Due to their fast solvolysis in
DMSO, dilution with medium was carried out immediately. A further sample of 1 was pre-
incubated in DMSO (12.5 mw) for 24 h before dilution to form the respective mono-cation
by solvolysis.

Cells were trypsinized with 0.25% trypsin-EDTA (ATCC) and manually counted with 0.4%
trypan blue. Cells were seeded in 96-well plates with 5 000-10000 cells per well. Once cells
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were attached (/24 h post seeding), the medium was removed and replaced with drug-
containing medium. A WST-1 cell proliferation assay was performed 72 h post treatment
using WST-1 Cell Proliferation Reagent (Roche Diagnostics Corporation, Indianapolis/IN,
USA) according to the manufacturer’s instructions. Briefly, 10 pL of the WST-1 reagent was
added to each well and the cells were incubated at 37 °C until absorption of the vehicle-
treated cells reached a value of ~0.7. Absorbance at 450 nm was measured using a
VersaMax microplate spectrophotometer (Molecular Devices, Sunnyvale/CA, USA) and
Prism (ver. 6d; 2013, GraphPad, USA) was used to calculate the half maximal inhibitory
(ICsp) values for each cell line.

Apoptosis assays—The cleavage of PARP1 was used as marker for apoptosis of the
cells incubated with conjugates 3 or 4 (full-length PARP1: 116 kDa; cleaved PARP: 89
kDa). Stock solutions of conjugates 3 and 4 were prepared in DMSO (3: 2 mw; 4: 0.2 mw).
The stocks were further diluted with RPMI-1640 medium (containing 1% penicillin/
streptomycin) (3: 2 pw; 4: 0.2 pu; concentrations chosen based on 1Csq values determined in
cell proliferation assays) before addition to the cells.

HCT 116 or MDA-MB-231 cells were seeded in 150 mm dishes and incubated in
RPMI-1640 medium (25 mL) for 24 h. The medium was replaced with drug-containing
medium and the cells were incubated for 12 h, 24 h or 48 h (two plates per compound and
cell line were prepared for the control and 12 h time point to obtain enough cells). Cells
were harvested and washed with PBS (centrifugation: 1000 rpm, room temperature, 5 min).
Cell pellets were lysed with M-PER mammalian protein extraction reagent (Thermo
Scientific; with 1:100 protease inhibitor (Protease Inhibitor Cocktail, Sigma-Aldrich) and
stored at —80 °C. Protein concentrations were determined by a BCA (bicinchoninic acid)
assay. Aliquots of the cell lysates (20 pg protein) were resolved by SDS-PAGE, followed by
electroblotting to nitrocellulose membranes (Bio-Rad). Membranes were blocked in 5%
powdered milk in TBST (Tris-buffered saline with Tween 20) and probed with primary
PARP antibody (#9542, Cell Signaling Technology), followed by horseradish peroxidase
(HRP)-linked anti-rabbit 1gG secondary antibody (Promega). Protein bands were visualized
by a chemiluminescence detection kit (Pierce ECL, Thermo Scientific). Actin was used as
loading control.

Platinum accumulation assays—The total cell accumulation (net effect of uptake and
efflux) was determined. Stock solutions of conjugates 3, 4, 5, and 6 were prepared in DMSO
(5 mw). A stock solution of cisplatin (~1 mw) was prepared in RPMI-1640 medium
(containing 1% penicillin/streptomycin; without FBS), followed by filtration through a 0.2
um syringe filter and the final concentration was determined by ICP-OES (Varian ICP
model 720-ES; see Supporting Information). The stocks were further diluted with
RPMI-1640 medium (final concentration: 20 pw) before addition to the cells.

HCT 116 or MDA-MB-231 cells were seeded in 100 mm dishes (~2x108 cells) and
incubated in RPMI-1640 medium (10 mL) for 24 h. The medium was replaced with drug-
containing medium and the cells were incubated for 2 h. The drug-containing medium was
removed and the cells were washed thrice with warm PBS. Cells were trypsinized with
0.25% trypsin-EDTA (ATCC), harvested and centrifuged (1000 rpm, room temperature, 5
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min). After removal of trypsin by washing with RPMI-1640 medium and addition of PBS,
the cells were counted automatically (Bio-Rad TC10 automated cell counter), followed by
centrifugation and removal of any remaining buffer. Cell pellets were stored at 4 °C. For
digestion, cell pellets were treated with concentrated HNO3 (300 L; 69%, TraceSELECT,
Sigma—Aldrich, USA) at 100°C for 2 h in Wheaton glass vials with PTFE-faced rubber-
lined caps. The digested samples were further diluted with deionized water to a final HNO3
concentration of 5% (v/v) and were filtered through 0.2 pm syringe filters. The platinum
content of the samples was determined by ICP-MS (PerkinElmer model ELAN DRC 11, see
Supporting Information); if necessary, the samples were further diluted. The total cell
accumulation of platinum was calculated as pg Pt/108 cells. All uptake assays were
performed in triplicate.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cellular platinum accumulation in tumor cell lines upon incubation with cisplatin or

conjugates 3, 4, 5 or 6 (20 um, 2 h). Values are the meanz-standard deviation of triplicates.
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Scheme 1.
Synthetic routes for conjugates 1 and 2. Reagents and conditions: a) RICOOH, N,N’-bis(2-

oxo-3-oxazolidinyl)phosphinic chloride (BOP-CI), EtsN, CH,Cl,, RT, 3 d, 37%; b)
Ag,CO3, H,0, RT, 2.5 d, (not isolated); ¢) RRCOOH, H,0, 55°C, 14 h, 10%.
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Table 1

Reduction potentials of platinum(IV) conjugates 3-6.

Compd g pvjlal  Compd g, pylal
3 _ozeltl 5 -0.52
4 —0.eslbl 6 056

[a]
[b]

Normalized vs. normal hydrogen electrode (NHE) in DMF; values are the mean of triplicates with standard deviation <5 %.

As determined previously.[g]
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Table 2

Page 22

Inhibitory activities of conjugates 1-6: COX inhibition as determined for COX-1 and COX-2; cytotoxicity as
determined in proliferation assays for tumor cell lines HCT 116 and MDA-MB-231 for an incubation time of

72 h.
Compd 1Csp [um]
ocox-1la  mcox-2lfl HcT 116l MDA-MB-2311d]

cisplatin - - 12.0l€l 20.0l€]
1 1.033 0.563 53.0 39.8
1lfl - - 56.0 47.4
2 >25 >25 66.4 455
3 410€ 0.045€] 1.1l€l 1.65(€]
4 >25(€] >250€] 0.065(€] 0.05[€]
5 0.745 >25 13 055
6 >25 >25 0.31 033

[al Ovine COX-1.

(o] Murine COX-2.
[d]

(d]
]
(f

dissolved in DMSO before dilution with culture medium. Cisplatin was directly dissolved in culture medium.[]

Colorectal carcinoma (no COX-2 expression).
Breast adenocarcinoma (COX-2 expression).

As determined previously.[g]

Pre-incubation of stock in DMSO for 24 h before dilution with medium. For the proliferation assays, all compounds except cisplatin were

Values are the mean of duplicates (COX assay) or six replicates (proliferation assay), with standard deviation <10% (and <5% for 95% of the

values).
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