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The syntheses, characterisation and biological activities (ICsy; DNA binding) of four mononuclear Pt
oxazoline complexes are reported. These materials are the compounds cis-[PtCl,(NH;3)(Etox-k'N)] (1:
Etox = 2-ethyl-2-oxazoline), [PtCl,(anilox-k>?N,N')] (2: anilox = 4,4-dimethyl-2-[o-anilinyl]-2-

oxazoline), cis-[PtCly(Etox-k'N),] (3) and [PtCl(pyox-k*N,N'.N')] (4: pyoxH = pyridine-2-carboxyanil-
[0-{4,4-dimethyl-2-oxazolinyl}-ide]) and all four are shown to have slightly lower cytotoxicities in vitro
when compared to cisplatin against the A2780 ovarian cancer cell line. These new materials all appear
to be bio-active via the formation of DNA adducts. Complexes 1 and 2 have been further characterised

in the solid-state by X-ray diffraction methods.

Introduction

Platinum compounds containing N-donor ligands have played
a unique role in the development of both coordination and
medicinal chemistry. The serendipitous discovery (circa 1965)
and later clinical application of the simple inorganic complex
cisplatin (i.e., cis-[PtCl,(NHs),]: Fig. 1) as an anti-cancer agent
marks' an important milestone in the development of inorganic
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chemotherapy agents.'? Since that time, a number of 2nd and 3rd
generation Pt-containing reagents have been designed, tested
and/or entered clinical use.>* Modifications of the original
cisplatin scaffold have been undertaken to increase clinical effi-
cacy and/or to reduce the (toxic) side-effect profile. Synthetically,
this has focused on three main areas: (i) application of Pt
complexes with higher formal oxidation state(s) at the metal
centre (primarily Pt**) such as Satraplatin (a.k.a. JM216: Fig. 1);°
(ii) the use of non-halide formal anions within the metal coor-
dination sphere (e.g., Carboplatin; Fig. 1)** and/or (iii) replace-
ment of one or more ammine ligands with other N-donor
fragments, such as the substituted pyridine ligand found in
Picoplatin (i.e., ZD0473: Fig. 1).? These modifications come from
the very early establishment of the observed Structure—Activity
Relationship (SAR) within the general class of bio-active Pt
species.!*
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Fig. 1 Some current clinically used Pt-based drugs and the compounds
(1-4) used in this study.
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Our particular interests lie in the arena of oxazole (and 4,5-
dihydro-1,3-oxazole: i.e, 2-oxazoline)®’ coordination chemistry
and in ligand design strategies involving these heterocyclic
frameworks. Oxazoles (ox) are found in a wide variety of both
natural and synthetic products and have found a number of
diverse applications (e.g., coordination chemistry, catalysis,
etc.).5 Despite these advances, relatively few transition metal
oxazol(in)e compounds have been investigated as anti-cancer
agents and even fewer contain Pt as the metal centre.® The work
described herein details the synthesis of representatives of four
classes of Pt-ox compounds: (¢) ox analogues (1) of ZD0473
(ie., cis-[PtCl,(NH3)(2-picoline)]: Fig. 1); (b) relatives of
Oxaliplatin which contain an N,N'-chelating ox ligand (2); (¢)
bis-ox Pt-compounds devoid of an N-H bond (3) and finally (d)
a Pt complex containing a tridentate ligand of our own design
which incorporates both a pyridine and an ox fragment (4).°
These four compounds are shown schematically in Fig. 1. Hence,
the work described herein addresses the latter of the three main
areas of Pt chemotherapy design, namely the replacement of one
or more ammine ligands (vide supra). These four model
compounds will serve as indicators as to the efficacy of the four
general molecular designs (Fig. 1).

Results and discussion
Syntheses and structural characterisation

Compound 1 is obtained by employing previously established
protocols® in which cisplatin is first converted in situ to
Pt(NHj3)»(NOs),, followed by ligand metathesis with 2-ethyl-2-
oxazoline (Etox) to give Pt(Etox)(NH3)(NOs),, and finally
treatment with excess KClI to yield 1.1 Compound 2 can be
obtained by the addition of solid 4,4-dimethyl-2-(2’-anilinyl)-2-
oxazoline™?® to a stoichiometric aq. solution of K,PtCl, con-
taining a trace of ¢. H,SOy (as ligand transfer agent). Subsequent
stirring yields 2 in the form of a yellow-coloured powder.'*"* The
treatment of a methanolic suspension of the inorganic polymer
[PtCl,], with excess Etox and stirring overnight at room
temperature (RT) vyielded grey-coloured 3,'*'* and 4 was
prepared as reported previously.®

Compounds 1 and 2 have been further characterised in the
solid-state by single crystal X-ray diffraction methods.!13:15
Both materials are found to be mononuclear Pt complexes as
expected and exhibit the desired cisoidal oriented chlorido
ligands. Molecular representations of a molecule of 1 or 2 that is
found in the unit cell can be found below in Fig. 2 and 3,
respectively.

These two materials contain a Pt atom that is in essentially
a square planar coordination environment.'"*> The Pt—Cl and
Pt-N bond lengths are typical for a formally Pt(i1) metal centre
and are otherwise unsurprising."’

Biological screening

The results of the biological screening of complexes 1-4 can be
found in Table I; the results for cisplatin are also given.'® The
latter four materials show slightly lower cytotoxicity values when
compared with cisplatin. However, all are active within an order
of magnitude. These results suggest that the four representatives
of the potential classes of 2nd generation cisplatin analogues

Fig. 2 orTEP'® representation of a molecule of complex 1 showing the
atomic numbering scheme (thermal ellipsoids are shown at the 50%
probability level).

(i.e., Fig. 1) are all worthy of further investigations. Hence, the
syntheses, screening and establishment of more detailed Struc-
ture-Activity Relationships for a larger series of each class rep-
resented by 1-4 is warranted.

DNA interaction studies

The cytotoxicity associated with cisplatin and its analogues is
generally believed to arise from direct interactions with DNA.
Intracellular formation of monoaquated platinum species leads
to monofunctional adducts with DNA primarily through
attachment to guanine N7 residues. Upon further coordination
to DNA, such adducts cyclise to form guanine-guanine and
adenine-guanine cross-links. This class of modification of the

Fig. 3 ORTEP' representation of a molecule of complex 2 showing the
atomic numbering scheme (thermal ellipsoids are shown at the 50%
probability level).

Table 1 Cytotoxicity of 1-4 and cisplatin vs. the A2780 cancer cell line
(72 h incubation) and ry, values with pUC19 plasmid DNA

Compounds Inhibition ICso, uM“  Reference  ry, values
cisplatin 1.3(£0.1) this work  0.076

1 4.1(£0.3) this work ~ 0.083

2 16.9 (£ 0.5) this work ~ 0.41

3 9.9 (£ 1.0) this work  0.20

4 20.2 (£ 1.7) this work  0.81
[PtCL,(NH3)(Meox)|”  0.65 (£ 0.1) 8 —
cisplatin® 0.2 4+ (0.05) 8 —

“ Values are mean for data from at least three independent experiments
with quadruplicate readings in each experiment. ° cis-isomer; Meox =
2-methyl-2-oxazoline-k'N. ¢ n.b., 96 h exposure.
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Fig. 4 DNA unwinding assay for 1 with 800 ng pUC19 plasmid (elec-
trophoresed for 50 min on a 1% agarose gel in 1X TAE at 80 V). Lane 1,
DNA only; Lane 2, 5 uM 1; Lane 3, 10 pM 1; Lane 4, 50 uM 1; Lane 5,
100 uM 1; Lane 6, 200 uM 1; and Lane 7, 400 uM 1.

DNA tertiary structure by Pt compounds can be followed by an
electrophoretic mobility shift assay, whereby the unwinding of
covalently-closed, supercoiled plasmid DNA is monitored.?® It
has been shown previously that cisplatin unwinds supercoiled
(Form I) DNA by 13° with a bound drug-to-nucleotide ratio (r)
of 0.076, where r, corresponds to the amount of platinum
complex that is necessary for complete removal of all supercoils
from DNA.*' Experimentally, r, is measured as the coalescence
point in a titration of plasmid DNA with a platinum complex,
where the rate of migration of Form I decreases until it comi-
grates with relaxed, nicked DNA (Form II). Fig. 4 shows the
DNA unwinding assay for 1 with pUC19 plasmid DNA. The
coalescence point in a titration of 120 uM pUC19 occurs with 10
uM 1, corresponding to an r, value of 0.083, which is only
slightly larger than that measured for cisplatin. The degree of
distortion in the DNA helix induced by 1 is especially evident at
higher concentrations (Lane 7), where the gel bands disappear
because the intercalating dye used for imaging can no longer
penetrate the helix. In general, the magnitude of r, for 14
parallels the cytotoxicity observed toward the A2780 cell line,
with smaller values of ry, translating to smaller ICs, values. As
expected, platinum complexes that interact more strongly with
DNA are the most cytotoxic. An exception to this trend occurs in
the case of 3, underscoring the importance of additional factors
in predicting anticancer activity. Together these results indicate
that the Pt-oxazoline compounds interact with DNA much like
cisplatin but may offer certain advantages, including reduced
toxicity toward normal cells or higher selectivity toward cancer
cells.
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