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Abstract

Well-defined, small-molecule, platinum-centered coordination compounds are of continued interest
in both basic and applied research, particularly in medicinal chemistry and pharmaceuticals (i.e.,
cisplatin). Organoplatinum(IV) complexes have been reported to exhibit substantial in vitro
cytotoxicity across a range of cancer cell lines. Compared with coordinatively unsaturated
platinum(II) species, electronically and coordinatively saturated platinum(IV) complexes are
generally more inert, reducing undesirable side reactions in plasma and cellular environments and
potentially improving their safety profiles as chemotherapeutic agents. In addition, the presence of
organic ligands can enhance lipophilicity, facilitating passive diffusion across cell membranes. Here,
we report the synthesis, structural characterization, and in vitro anticancer activity of a series of
organoplatinum(IV) complexes of the general formula Pt(CHs):I2{n,n"-dimethyl-2,2"-bipyridine} (n,n’
=4,4"; 55 6,6'). The 55- and 6,6'-dimethyl isomers were characterized by single-crystal X-ray
diffraction. All three dimethyl-substituted complexes, along with the parent compound
Pt(CHs)212{2,2'-bipyridine}, were evaluated for cytotoxic activity against a panel of 60 human cancer
cell lines. Whereas Pt(CHs)2I2{2,2"-bipyridine} and the 4,4"- and 5,5'-dimethyl derivatives displayed
limited cytotoxicity, the 6,6'-dimethyl isomer exhibited notable activity, particularly against the colon
cancer cell line HCT-116 (LCso = 8.17 uM) and the ovarian cancer cell line OVCAR-3 (LCso=7.34 uM).
The enhanced cytotoxicity of the 6,6'-dimethyl derivative is attributed, at least in part, to the relatively
facile dissociation of the 6,6-dimethyl-2,2-bipyridine ligand from the platinum(IV) center,
suggesting that sterically induced ligand lability plays an important role in modulating biological
activity in this particular compound, giving new structural activity impetus for potential drug
molecules.

Keywords: platinum(IV); ovarian cancer; colon cancer; cytotoxicity study

1. Introduction

A number of organoplatinum(IV) complexes have been reported to be cytotoxic toward a variety
of cancer cell lines.[1-4] Electronically and coordinatively saturated platinum(IV) complexes tend to
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be more inert in plasma and cellular environments than are square planar, 16-electron platinum(II)
complexes.[5] As a result, the platinum(IV) drugs undergo fewer unwanted side reactions with
proteins. Furthermore, the organic ligands bonded to the platinum center impart lipophilicity to the
drug - facilitating its diffusion through the cancer cell membrane.[6] Finally, many of the
organoplatinum(IV) anticancer drugs possess multidentate ancillary ligands that further stabilize the
drug.[7]

The organoplatinum(IV) complexes Pt(CHs)2X2{4,4’-di-tert-butyl-2,2’-bipyridine} (X = Cl, Br)[8]
exhibit potent cytotoxicity toward human breast cancer cells (cell line MCF-7)[9,10] and toward two
leukemia cell lines (Jurkat [11,12] and K562[13]). The unit cell of Pt(CHs):Br2{4,4’-di-tert-butyl-2,2’-
bipyridine} contains eight molecules.[14] The intermolecular distance between pyridine carbon atoms
in two of these molecules is 3.474 A, which is within the sum of the van der Waals radii of two carbon
atoms (ca. 3.40 A).[15] Thus, despite having two sterically demanding tert-butyl groups attached to
the bipyridine ligand, the crystallographic evidence suggests that the coordinated 4,4’-di-tert-butyl-
2,2’-bipyridine ligand is capable of intermolecular 7 — m interactions. Such interactions are important
for driving the intercalation of some chemotherapy drugs into the major and/or minor grooves of
tumor DNA.[16-19] Indeed, electronic absorption spectroscopy, circular dichroism spectroscopy,
and fluorescence experiments provide evidence that both Pt(CHs)2X2(4,4’-di-tert-butyl-2,2’-
bipyridine} (X = Cl, Br) complexes interact with DNA.8

We have described the anticancer activity of Pt(CHzs)212{2,2’-bipyridine}[20] against the human
breast cancer cell line ZR-75-1,[21] and the anticancer activity of

[Pt(CHs)s]2(p-I)2(p-adenine) against various cell lines of non-small cell lung cancer, colon cancer,
central nervous system cancer, melanoma, ovarian cancer, renal cancer, and triple negative breast
cancer.[22] Given that both 2,2"-bipyridine and 4,4’-di(tert-butyl)-2,2’-bipyridine, when coordinated
to a Pt(IV) center, can engage in intermolecular 7 — 7 interactions and possibly lead to intercalation
between tumor DNA base pairs, we were curious as to how the steric demands of alkyl-substituted
bipyridines might influence cytotoxicity. In this present work, we report the syntheses, structures,
and anticancer activities of the series of compounds Pt(CHs)22{n,n’-(CHs)2-2,2’-bipyridine} where n,n’
=4,4'; 5,5; and 6,6'. This study revealed that the anticancer properties of these complexes depend
significantly on which isomer of n,n’-(CHzs)2-2,2’-bipyridine is used.

2. Experimental Details

General Considerations. Tetrahydrofuran, 4,4’-dimethyl-2,2’-bipyridine, 5,5'-dimethyl-2,2’-
bipyridine, and 6,6’-dimethyl-2,2’-bipyridine were purchased from commercial suppliers and were
used as received. Diiododimethylplatinum(IV)[23] and (2,2-
bipyridine)diiododimethylplatinum(IV)® were prepared by published procedures. Calf thymus
DNA (sodium salt, Type I fibers) was purchased from Sigma-Aldrich. All '"H and *C NMR spectra
were obtained at room temperature on either a Varian Mercury 300 MHz FT-NMR spectrometer at
the frequencies 300.068 MHz and 75.452 MHz, respectively, or a Bruker Ascend 600 MHz FT-NMR
spectrometer running Topspin 3.6 at the frequencies 600.164 MHz and 150.925 MHz, respectively. 'H
and *C chemical shifts are reported in parts per million relative to the resonance for SiMes (6 0) and
were referenced internally concerning the protio solvent impurity (0 1.73 ppm and 3.58 ppm for THE-
ds; © 2.75 ppm, 2.92 ppm, and 8.03 ppm for DMEF-d7) or the 1*C resonances ( 25.37 ppm and 67.57
ppm for THF-ds; d 30.53 ppm, 35.66 ppm, and 163.15 ppm for DMF-d), respectively. %Pt NMR
spectra were obtained at room temperature on a Bruker Ascend 600 MHz FT-NMR spectrometer
running Topspin 3.6 at the frequency 129.015 MHz. In the %Pt NMR spectra, peaks were referenced
externally to a solution of KoPtCls in D20 (0 = - 1620 ppm).[24] Infrared spectra were recorded as KBr
pellets on a Nicolet Magna-IR 560 spectrometer. Ultraviolet-visible absorption spectra were recorded
on a Jasco V-730 spectrophotometer. Elemental analyses were carried out by Atlantic Microlab, Inc.
(Norcross, GA). Unless otherwise noted, all reactions and manipulations were carried out in the
presence of air. All reagents and solvents were obtained from commercial suppliers and were used
without further purification.
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1. Syntheses of the Pt(CHs):12{2,2"-bipyridine-n,n’-(CHs)2} Isomers.

Pt(CHs)212{2,2’-bipyridine-4,4’-(CHs)2} shall be abbreviated as 4;

Pt(CHs)212{2,2’-bipyridine-5,5"-(CHs)z}, as 5; and

Pt(CHs)212{2,2’-bipyridine-6,6’-(CHs)2}, as 6.

A general synthetic procedure for all three products 4, 5, and 6 follows.

An orange heterogeneous mixture of [Pt(CHs)2I2]x (50.0 mgs, 0.104 mmol) and a n,n’-(CHs)2-2,2’-
bipyridine isomer (19.0 mgs, 0.104 mmol) in tetrahydrofuran (8 mL) was stirred magnetically in a

glass bomb at 75°C for 6 hours.
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In the case of compound 4, the reaction mixture, appearing as a dull yellow suspension, was

cooled to room temperature. The THF suspension was concentrated to a volume of approximately

0.5 mL by slow evaporation of the solvent at room temperature. The remaining THF supernatant was

removed from the product, a dull greenish yellow powder, and the product was air-dried. Yield =

0.059 g (86%)
Table 1. NMR Spectroscopic Data for Products 4, 5, and 6.
1H NMR Spectroscopic Assignments
4 (DMF-d») 5 (THF-ds) 6 (THF-ds)
2.35 ppm 2.35 ppm 2.58 ppm
1 195 1 195 1 195
Pt— CH: (s 'VVIth Pt | (s ‘w1th Pt | (s 'VVIth Pt
satellites), satellites), satellites),
peu=73 Hz Tpu=73 Hz peu=75Hz
Eﬂs dgroups bonded to bipyridyl 268 ppm (s) 2.50 ppm (s) 2.56 ppm (s)
gan
.| 7.79 ppm (d)
Hydrogens bonded to aromatic | =~~~
carbons in Bipy-Re Juu=5 Hz N/A
cG)-H N/A
7.94 ppm (d) 7.54 ppm (d)
Jun=8 Hz
uu=8 Hz
c@-H 8.80 ppm (s)
7.95 ppm (d of d)
8.38 ppm (d)
3Ju-u=8 Hz
Jun=8 Hz
c®)-H 8.90 ppm
(d with 19Pt | 877 ppm 8.24 ppm (d)
. . 3Ju-n=8 Hz
C6)-H satellites) (s with 1Pt
= =5 Hz satellites) N/A
pen=13 Hz pu=14 Hz
1BC{1H} NMR Spectroscopic Assignments
4 (DMF-d») 5 (THF-ds) 6 (THF-ds)
—14.8 ppm —-10.2 ppm
1 195 1 195
Pt— CH: (s fN1th Pt | (s 'VVIth Pt
satellites) satellites)
Jprc=519 Hz Tpec=520 Hz
CHs groups attached to bipyridyl
ligand 18.5 ppm 26.2 ppm
124.2 ppm 122.1 ppm
Carbons in aromatic rings of bipy-Rz 1384 ppm 128.7 ppm
(R=H or CH) 140.9 ppm 139.9 ppm
’ 148.8 ppm 160.3 ppm
154.0 ppm 163.3 ppm
195Pt NMR Spectroscopic Assignments
| 4 (DMF-dy) | 5 (THF-ds) | 6 (THF-ds)
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‘ - 3691 ppm — 3740 ppm — 3487 ppm

Table 2. Infrared absorption data (cm™, KBr pellets). vs = very strong absorption; s = strong absorption; m =

medium intensity absorption; w = weak absorption.

Compound | Infrared Absorption Frequencies

4 3433 (m), 2961 (m), 2901 (s), 2813 (w), 1613 (vs), 1558 (m), 1483 (s), 1442 (m), 1416
(m), 1373 (w), 1301 (m), 1246 (s), 1229 (w), 1218 (m), 1136 (w), 1118 (w), 1075 (m),
1026 (s), 920 (m), 891 (w), 836 (s), 554 (m), 520 (w), 486 (w), 419 (w).

5 3436 (s), 3039 (w), 2973 (m), 2898 (s), 2810 (w), 1630 (m), 1607 (s), 1575 (w), 1500 (w),
1480 (vs), 1392 (w), 1313 (m), 1248 (m), 1234 (m), 1163 (m), 1150 (w), 1064 (m), 1052
(m), 1002 (w), 836 (s), 727 (w), 695 (w).

6 3437 (s), 3078 (w), 2984 (w), 2918 (m), 1631 (w), 1601 (s), 1569 (m), 1464 (m), 1443 (s),
1375 (m), 1322 (w), 1249 (w), 1244 (m), 1222 (w), 1175 (w), 1120 (m), 1104 (w), 1034
(w), 1008 (m), 899 (w), 887 (w), 815 (w), 790 (vs), 732 (w), 706 (w), 643 (w), 617 (w).

For the products 5 and 6, the orange homogeneous reaction mixtures were cooled to room
temperature and concentrated to a volume of approximately 0.5 mL by slow evaporation at room
temperature. Orange crystalline blocks of 5 and red crystalline blocks of 6 were found to have
precipitated from the solutions. The crystals were then isolated and air-dried. Yield of 5 = 0.055 g
(80%). Yield of 6 = 0.015 g (22%).

Anal. Calc. for C1sH1sI2N2Pt: C, 25.35%; H, 2.74%; N, 4.22%. For 4, found: C, 25.72%; H, 2.53%; N,
4.22%. For 5, found: C, 26.30%; H, 2.53%; N, 4.20%. For 6, found: C, 25.83%; H, 2.55%; N, 4.16%.

2. Reactions Involving 2,2’-Bipyridine and 5 and 6.

A mixture of 5 (0.0050 g, 7.5 umol) and 2,2’-bipyridine (0.0012 g, 7.7 umol) in THF-ds (~ 0.75 mL)
was created in an NMR tube. After 24 hours at room temperature, 'H NMR showed a mixture of only
the starting materials in the solution.

A mixture of 6 (0.0050 g, 7.5 umol) and 2,2’-bipyridine (0.0012 g, 7.7 umol) in THF-ds (~ 0.75 mL)
was created in an NMR tube. After 24 hours at room temperature, 'H NMR showed a mixture of only
Pt(CHs)al2{2,2’-bipyridine}? and free 6,6’-(CHs)2-2,2"-bipyridine in the NMR tube. Little to no
unreacted 6 or 2,2"-bipyridine was found to be remaining.

3. X-Ray Diffraction Studies. Orange blocks of 5 and red blocks of 6 were crystallized by the slow
evaporation of the THF solvent from concentrated solutions at room temperature. X-ray intensity
data were collected using a Bruker D8 Venture diffractometer equipped with a graphite
monochromator and a Mo  a microfocus INCOATEC Ims 3.0 sealed tube at 0.71073 A. Data sets were
corrected for Lorentz and polarization effects as well as absorption. The criterion for the observed
reflections is I > 20(I). Lattice parameters were determined from least squares analysis and reflection
data. Empirical absorption corrections were applied using SADABS.[25] The structure was solved by
direct methods and refined by full-matrix least squares analysis of F? using X-Seed[26] equipped with
SHELXT.[27] All non-hydrogen atoms were refined anisotropically by full-matrix least squares on F2
using the SHELXL? program. Hydrogen atoms were included in idealized geometric positions with
Uiso = 1.2 Ue of the atom to which they are attached (Uiso = 1.5 Ue for methyl groups). The hydrogen
atoms attached to nitrogen or oxygen were located in difference maps and assigned 1.2 x Ue. The
frames were integrated with the Bruker SAINT software package version 8.40 using a narrow-frame
algorithm. The structure was solved and refined using the Bruker SHELXTL software package
version 2018/2, and the cell data and refinement parameters are summarized in Table 3.

Table 3. Crystal and intensity collection data for Products 5 and 6.

Compound Number 5 6

Chemical formula C1aHisLN2Pt CiaHisLN2Pt
molecular weight, g mol~! 663.19 663.19
temperature, K 100(2) 100(2)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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wavelength, A 0.71073 0.71073

lattice orthorhombic orthorhombic

space group Pbca Pbca

cell constants

a, A 12.7995(8) 14.7706(10)

b, A 14.4289(10) 13.6001(10)

c, A 18.0758(11) 16.4126(12)

a, deg. 90 90

B, deg. 90 90

y, deg. 90 90

volume, A3 3338.3(4) 3297.0(4)

V4 8 8

p (calc.) g cm?3 2.639 2.672

absorption coefficient, mm! 12.095 12.247

F(000) 2400 2400

crystal size, mm? 0.266 x 0.138 x 0.055 0.231 x0.177 x 0.134

0 range 2.253 to 30.526° 2.384 to 30.564°

index ranges —18<h<+18 -19<h<+21
-20<k<+20 -19<k<+19
-23<] <+25 -23<] <+23

reflections collected 111,168 60,295

independent reflections 5101 [Rint = 0.0626] 5039 [Rint = 0.0699]

coverage, independent | 99.9% 99.9%

reflections

Absorption correction Multi-scan Multi-scan

max. & min. transmission 0.746 and 0.375 0.7461 and 0.2833

refinement method Full matrix least squares on | Full matrix least squares on
F2 F2

data/restraints/parameters 5101/8/186 5039/0/176

goodness-of-fit on F2 1.146 1.117

Final R indices [I > 20(I)] R1=0.0208 wR2 = 0.0475 R1=0.0363 wR2 = 0.0917

R indices (all data) R1=0.0245 wR> = 0.0486 R1=0.0398 wR2 = 0.0942

largest difference peak and hole | 1.252 & —1.723 e A3 2542 & —4.484 e A3

4. Ultraviolet — Visible Absorption Studies. A stock solution was prepared by dissolving 6 in
tetrahydrofuran (THF) to give a concentration of 10 mg mL™ (=151 mM) and stored at room
temperature. Working solutions (1 mM and 100 uM) were prepared by dilution of the stock solution
with THF and were used for all binding experiments. Calf thymus DNA (ct-DNA, sodium salt, Type
I fibers) was prepared at 1 mg mL- in 1x sodium saline citrate buffer (1x SSC). DNA fibers were
allowed to dissolve overnight at 37 °C to ensure complete hydration. DNA concentration was
determined spectrophotometrically using €0 = 6600 M~ cm™,[28] and is reported in nucleotide
phosphate (P) units. For binding studies, the DNA concentration was adjusted to 15 ug mL (= 45
uM in P units), and this concentration was held constant while the platinum concentration was
varied.

Aliquots of the platinum working solutions were added to the DNA solution to achieve
phosphate-to-platinum (P/Pt) ratios of 40, 20, 10, 5, 2, and 1. The final platinum concentrations in the
primary experiments were maintained at an absorbance within the linear range of the
spectrophotometer and to facilitate accurate baseline correction. After mixing, samples were
incubated for 30-60 min at room temperature prior to measurement. Electronic absorption spectra
were recorded in 1 cm pathlength quartz cuvettes. Control spectra of ct-DNA alone (at the
corresponding concentrations) and 6 alone (at matched concentrations in THF/SSC) were collected
and used for baseline subtraction and comparison.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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5. In vitro Sulforhodamine B Assays. In vitro assays involving sixty human tumor cell lines were
carried out by staff members in the National Cancer Institute’s Developmental Therapeutics Program
following a standardized procedure.[29-31]

3. Results

Pt(CHs)212{4,4’-(CHs)2-2,2’-bipyridine} shall be abbreviated as 4; Pt(CHs)al2{5,5'-(CHs)2-2,2'-
bipyridine}, as 5; and Pt(CHs)2I2{6,6"-(CHzs)2-2,2’-bipyridine}, as 6. Products 4, 5, and 6 are formed by
the reaction between the Lewis acid [Pt(CHs)al2]x and the appropriate dimethyl-bipyridine isomer.
While 4 was insoluble in THF, 5 and 6 were both soluble. Products 5 and 6 were structurally
characterized by single crystal X-ray diffraction. Figure 1 shows the thermal ellipsoid plots (each 50%
probability) of 5 and 6 with the non-hydrogen atoms labeled.

Table 3 shows the crystal and intensity collection data, whereas Table 4 shows select metrical
data for both complexes.

Figure 1. Thermal ellipsoid plots (each 50%) from the X-ray structures of Pt(CHs)2I2{5,5"-(CH3)2-2,2"-bipyridine}
(left) and Pt(CHs)212{6,6"-(CHs)2-2,2"-bipyridine} (right).

Bond distances and bond angles found in 5 are very similar to the corresponding bond distances
and bond angles in 6, and to those in Pt(CHzs)2I2{2,2"-bipyridine} and in Pt(CHzs)212{4,4’-(CO2H)2-2,2’-
bipyridine}.?0 In the structure of 5, there was some disorder. The atom in the position of C(14) refined
as a carbon atom (96%) and as an iodine atom (4%), resulting from co-crystallization with an isomer
in which the two iodo ligands are cis to one another. Interestingly, such co-crystallization was not
observed in the structures of 6, Pt(CHs)I2{2,2"-bipyridine}, or Pt(CHs):12{4,4-(COH)2-2,2’-

bipyridine}.?0
Table 4. Select metrical data (A, deg.) for 5 and 6.

Compound Number 5 6
Bond Lengths (A)
Pt-1(1) 2.6500(3) 2.6453(4)
Pt-1(2) 2.6429(3) 2.6634(4)
Pt-1(3) 2.539(8)
Pt - C(13) 2.064(3) 2.063(5)
Pt-C(14) 2.065(5) 2.058(5)
Pt - C(14A) 2.065(5)
Pt - N(1) 2.154(3) 2.200(4)
Pt-N(2) 2.163(2) 2.218(4)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Bond Angles (deg.)

I(1) - Pt-1(2) 178.905(8) 177.727(13)
C(13) - Pt - N(2) 174.38(12) 173.95(19)
C(14) - Pt - N(1) 176.15(16) 173.93(19)
I(1) - Pt - C(13) 90.38(11) 86.60(16)
I(1) - Pt — C(14) 89.26(15) 87.90(15)
1(1) - Pt - N(1) 90.29(7) 87.77(11)
I(1) - Pt— N(2) 91.81(7) 88.36(10)
C(13) -Pt-C(14) 85.83(17) 83.8(2)
C(13) -Pt—N(1) 98.00(11) 100.2(2)
C(14) - Pt - N(2) 99.37(16) 99.34(18)
N(1) - Pt — N(2) 76.82(10) 76.29(15)
Pt - N(1) - C(5) 115.33(19) 110.7(3)
Dihedral Angle (deg.)

N(1) - C(5) - C(6) -N(2) -2.5(4) 5.8(6)
Pt—-N(1)-C(1)-C(2) -178.6(2) 162.0(4)

The unit cell of 5 contains 8 molecules, and the closest intermolecular distance between the
aromatic carbon atoms of one molecule and the aromatic carbon atoms in another is ca. 3.59 A, which
is very close to the sum of the van der Waals radii of two carbon atoms (ca. 3.40 A).15 Thus, there may
be some weak intermolecular t — 7 interactions in the unit cell of 5. Similarly, the unit cell of 6
contains 8 molecules, and the closest intermolecular distance between the aromatic carbon atoms of
one molecule and the aromatic carbon atoms in another is ca. 3.58 A. There may be weak
intermolecular 7t — 7t interactions in the unit cell of 6 as well. If 5 and 6 are capable of intermolecular
1 — 1 interactions in their unit cells, then it seems reasonable to propose that these complexes may
also engage in intermolecular 7 — 7t interactions with the nucleobases of tumor DNA.

An alternative view of the thermal ellipsoid plot of 6 is shown in Figure 2. This view clearly
shows that the bipyridine plane is not coplanar with the plane defined by the platinum atom and the
two nitrogen atoms. Indeed, the Pt - N(1) — C(1) — C(2) dihedral angle is ca. 162.0%, a full 18.0° from
co-planarity. (For comparison, the same dihedral angle in 5 is nearly planar at — 178.6°.) Unfavorable
steric interactions between the methyl groups attached to platinum and the methyl groups attached
to bipyridine are most likely responsible for distorting the coordination of the 6,6’-(CHs)>-2,2’-
bipyridine ligand. The distances between C(12) and C(14) and between C(11) and C(13) are 3.220 A
and 3.178 A, respectively. Both distances are within the sum of the van der Waals radii of two carbon
atoms (ca. 3.40 A),’5 which supports the notion that steric repulsions exist between these respective
methyl groups. Interestingly, the intramolecular, non-bonding distance between C(14) and C(13) is
2.752 Ain 6, and 2.811 A in 5.

The steric repulsions involving the methyl groups in 6 imply that the 6,6’-(CHs)2-2,2’-bipyridine
ligand does not bond to the platinum(IV) center as strongly as 2,2’-bipyridine does, or as the other
dimethyl-bipyridine ligands do. Indeed, as shown in Table 4, the Pt — N bond distances in 6 are
slightly longer than those in 5. The weaker coordination of the 6,6’-(CHs)>-2,2"-bipyridine ligand
suggests that this ligand can dissociate from the platinum center. To test for ligand dissociation, 6
underwent reaction with one equivalent of 2,2’-bipyridine in THF-ds solution, as shown in Figure 3.
'H NMR spectroscopy revealed that 6 reacts with 2,2’-bipyridine to form a mixture of Pt(CHs)2I>{2,2’-
bipyridine}? and free 6,6’-(CHs)2-2,2’-bipyridine. The reaction was complete within 24 h at room
temperature. Analysis by 'H NMR spectroscopy also revealed that there is no chemical reaction
between 5 and 2,2’-bipyridine in THF-ds solution after 24 hours at room temperature.
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Figure 2. Alternative view of the thermal ellipsoid plot of 6, showing the distortion of the coordinated 6,6'-
(CHs)2-2,2’-bipyridine ligand.

CH,
N~
[Pt(CH,),L],  + N X
P
CHj

Figure 3. Reaction between 6 and 2,2’-bipyridine.

Given that the 6,6'-dimethyl-2,2"-bipyridine ligand dissociates from the platinum center more
readily than the other bipyridine ligands examined in this study, complex 6 may interact with tumor
cell DNA through a distinct mechanism. To investigate this possibility, the interaction of 6 with calf
thymus DNA (ct-DNA) was evaluated by ultraviolet-visible absorption spectroscopy. A
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representative portion of the electronic absorption spectra recorded at varying DNA:6 ratios is shown
in Figure 4.

DNA base pairs exhibit a characteristic absorption band at 260 nm (& = 6600 M' cm™).28 As the
DNA:6 ratio decreases, a progressive increase in absorbance at this wavelength is observed. This
hyperchromic effect[32] is consistent with disruption of the native double-helical structure, leading
to partial strand unwinding and increased exposure of nucleobases to ultraviolet radiation. These
results indicate that complex 6 interacts directly with DNA. The spectrum obtained at a DNA:6 ratio
of 1:1 exhibits a bathochromic shift of less than 1 nm relative to DNA alone, which suggests that
intercalation of 6 with the nucleobases is unlikely.[33]

Calf Thymus DNA Titrated with Compound 6

0.4

0.35

DNA:Pt =20

0.3

/

DNA Onlv

0.25

DNA:Pt=2

0.2 DNA:Pt =40 o~ DNA:Pt=1

0.05

240 250 260 270 280 290 300
Wavelength (hm)

Figure 4. Electronic absorption spectrum, from 240 to 300 nm, of calf thymus DNA titrated with compound 6,
clearly showing a hyperchromic effect.

Compounds 4, 5, 6, and Pt(CHs)212{2,2’-bipyridine} were submitted to the National Cancer
Institute’s Developmental Therapeutics Program (NCI/DTP) for in vitro cell viability assays using
their panel of 60 human cancer cell lines. These 60 cell lines consisted of 6 breast, 6 central nervous
system, 7 colon, 6 leukemia, 9 melanoma, 9 non-small cell lung, 7 ovarian, 2 prostate, and 8 renal
cancer cell lines. NCI typically runs a one-dose test first, in order to determine whether there is any
anticancer activity at all against any of the 60 cell lines. If an experimental drug shows some
appreciable anticancer activity, then that drug is selected for further testing in a five-dose trial. In the
five-dose trial only, three important parameters are measured: (a) the lethal concentration needed to
kill 50% of the cancer cells (LCso), (b) the drug concentration needed to cause 50% growth inhibition
(GIs), and (c) the concentration of drug needed for total growth inhibition (TGI).

Compounds 4 and 5 were not selected for the five-dose test due to low cytotoxicity toward all
60 cell lines. Although we previously found that Pt(CHs)2I2(2,2"-bipyridine} was more cytotoxic than
cisplatin against the human breast cancer cell line ZR-75-1,% this compound was not sufficiently
active in the NCI assay to be selected for the five-dose test. Among the compounds tested here, only
6 was sulfficiently active to be selected for the five-dose assay. Those assays in which 6 showed some
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cytotoxicity are summarized in Table 5. For comparison, the results involving cisplatin against the
same cell lines are also included in Table 5, as values in parentheses.

Compound 6 was especially cytotoxic toward colon cancer cell line HCT-116[34] (LCso = 8.17
puM), but completely inactive toward the other colon cancer cell lines COLO-205,[35] HCC-2998,[36]
HCT-15,[37] HT29,[38] KM12,[39] and SW-620,[40] with LCso values > 100 uM in each case. HCT-116,
HCT-15, and KM12 cells are high-frequency microsatellite unstable with impaired DNA mismatch
repair,[41] while the other colon cancer cell lines are microsatellite stable with proficient mismatch
repair. HCT-116 differs from HCT-15 and KM12 in that the high-frequency microsatellite instability
arises from biallelic Mut L Homolog 1 promoter methylation.[61]

Table 5. In Vitro Cytotoxicity of 6 and Cisplatin (Values in Parentheses) Against Some Human Cancer Cell Lines.

Cell Line, | Type of Cancer GlIso, pM TGI, pM LCso, uM
Reference

CCRF-CEM,[42] | Leukemia 5.42 (1.47) 18.0 (> 100) 42.5 (> 100)
HL-60(TB),[43] Leukemia 3.98 (4.12) 16.0 (75.1) 40.5 (> 100)
K-562,13 Leukemia 4.62 19.3 60.2
MOLT-4,[44] Leukemia 5.53 (2.75) 18.0 (> 100) 42.8 (> 100)
RPMI-8226,[45] | Leukemia 2.50 (6.44) 11.2 (> 100) 33.6 (> 100)
SR, [46] Leukemia 4.19 (0.496) 16.2 (16.0) 40.5 (> 100)
EKVX,[47] Non-Small Cell Lung 1.41 (6.54) 4.52 (62.9) 79.5 (> 100)
HOP-62,[48] Non-Small Cell Lung 3.40 (1.54) 18.4 (13.2) 82.2 (> 100)
NCI-H226,[49] Non-Small Cell Lung 10.1 (4.42) 29.0 (25.6) 83.1 (> 100)
NCI-H460,[50] Non-Small Cell Lung 8.75 (0.455) 22.7 (78.2) 53.4 (> 100)
NCI-H522,[51] Non-Small Cell Lung 3.05 16.5 41.2
HCT-116,% Colon Cancer 1.79 (9.24) 3.83 (>100) 8.17 (> 100)
SF-539,[52] Central Nervous System 7.93 (0.600) 23.6 (7.67) 58.9 (> 100)
U251,[53] Central Nervous System 11.6 (1.57) 26.0 (24.7) 58.5 (> 100)
SK-MEL-2,[54] Melanoma 2.54 11.6 50.9
UACC-62,[55] Melanoma 6.77 (1.34) 22.9 (9.39) 60.1 (37.2)
IGROV-1,[56] Ovarian Cancer 2.07 (1.70) 5.10 (7.05) 42.6 (> 100)
OVCAR-3,[57] Ovarian Cancer 1.69 (1.93) 3.52 (4.27) 7.34
OVCAR-§,[58] Ovarian Cancer 12.3 (4.09) 29.1 (> 100) 68.7 (> 100)
PC-3,[59] Prostate Cancer 2.53 (4.08) 7.82 (>100) 73.0 (> 100)
MCE-7,910 Breast Cancer 4.24 (2.66) 19.5 (79.3) 91.5 (>100)
BT-549,[60] Breast Cancer 13.7 (3.36) 32.5(44.9) 77.0 (> 100)

Compound 6 was also especially cytotoxic toward ovarian cancer cell line OVCAR-3% and
displayed more limited activity toward the ovarian cancer cell lines OVCAR-8% and IGROV-1.%
Compound 6 was inactive toward the ovarian cancer cell lines OVCAR-4,[62] OVCAR-5,%2 NCI/ADR-
RES,[63] and SKOV-3.3* OVCAR-3 and OVCAR-8 are high-grade serous ovarian cancer cells deficient
in DNA repair made possible by homologous recombination.[64] Although IGROV1 cells have a
BRCA1 mutation, their homologous recombination mechanism is proficient.[65]

4. Discussion

The 6,6'-dimethyl-2,2"-bipyridine ligand in complex 6 dissociates from the platinum center and
can be displaced by an alternative bidentate donor. This substitution behavior suggests that ligand
dissociation is certainly feasible in a cellular environment. Accordingly, complex 6 is more
appropriately regarded as a platinum(IV) prodrug rather than an intrinsically active chemotherapy
drug.

To evaluate this hypothesis further, a trial reaction between 6 and one equivalent of glutathione
was conducted in a 1:1 (v/v) THF-ds/D20 mixture. After incubation for 24 h at 37 °C, analysis by 'H
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NMR spectroscopy confirmed that a chemical reaction had occurred. The spectrum displayed signals
corresponding to unreacted 6 and a single, as yet unidentified product in approximately a 1:1 ratio.
Notably, free 6,6'-dimethyl-2,2"-bipyridine was not detected. Isolation and structural characterization
of the product were not pursued, as the objective of this preliminary experiment was solely to
determine whether reaction with glutathione would occur. A more comprehensive investigation of
the reactivity of 6 and [Pt(CHs):L2]. toward glutathione will be reported separately.

Complex 6 demonstrably interacts with DNA, indicating that it may exert genotoxic effects in
cancer cells. However, the propensity of the 6,6'-dimethyl-2,2"-bipyridine ligand to dissociate from
the platinum center suggests that 6 is capable of engaging in additional substitution reactions with
other intracellular nucleophiles. Consequently, its cytotoxic activity is unlikely to arise solely from
DNA damage. Rather, the biological effects of compound 6 arise plausibly from the molecule
engaging in both genotoxic and non-genotoxic pathways.

Cell viability assays conducted by the National Cancer Institute (Bethesda, MD) demonstrated
that complex 6 exhibits pronounced cytotoxicity toward the human colon cancer cell line HCT-116
and the high-grade serous ovarian cancer cell line OVCAR-3. Both lines are characterized by defects
in DNA repair pathways: HCT-116 is deficient in mismatch repair, whereas OVCAR-3 exhibits
impaired homologous recombination. However, compromised DNA repair alone does not fully
account for the observed activity profile, as several other repair-deficient cell lines displayed minimal
or no sensitivity to 6. Notably, 6 produced lower LCs values than cisplatin in all but one assay, the
melanoma cell line UACC-62. Collectively, these data suggest that while DNA repair deficiencies
may contribute to susceptibility, additional determinants likely influence the cytotoxic response to
Complex 6.

5. Conclusions

The four organoplatinum(IV) complexes Pt(CHs)212{2,2"-bipyridine}, Pt(CHs):I2{4,4'-dimethyl-
2,2-bipyridine} (4), Pt(CHs)2I2{5,5"-dimethyl-2,2"-bipyridine} (5), and Pt(CHs)212{6,6'-dimethyl-2,2'-
bipyridine} (6) were synthesized, isolated, and comprehensively characterized. Samples of each
compound were subsequently submitted to the National Cancer Institute’s Developmental
Therapeutics Program for in vitro evaluation using the 60-human cancer cell line screening panel. In
the initial single-dose screen, the first three complexes — those bearing unsubstituted, 4,4'-dimethyl-,
and 5,5'-dimethyl-2,2"-bipyridine ligands — did not demonstrate sufficient antiproliferative activity to
warrant progression to the five-dose assay. In contrast, compound 6 met the criteria for further
evaluation and was advanced to the full five-dose screen. This analysis revealed pronounced
cytotoxicity against the colon carcinoma cell line HCT-116 and the high-grade serous ovarian
carcinoma cell line OVCAR-3. The enhanced cytotoxic activity of 6 is most plausibly attributed to the
comparatively labile 6,6'-dimethyl-2,2'-bipyridine ligand, whose steric encumbrance likely facilitates
dissociation from the platinum(IV) center, thereby promoting the formation of biologically active
species.
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