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Enrico Rotondo,*!# Archimede Rotondo,!?! Francesco Nicolo,!?! Maria Letizia Di Pietro,!?!
Maria Anna Messina,!?! and Matteo Cusumano!?!

Keywords: DNA recognition / N ligands / Nitrogen heterocycles / NMR spectroscopy / Platinum

A 'H and '3C NMR study of nine Pt" complexes of DMeDPQ
[6,7-dimethyl-2,3-bis(2-pyridyl)quinoxaline] and BDPQ [2,3-
bis(2-pyridyl)benzo[g]quinoxaline], and the crystal structure
of one of them, are reported. The results are consistent with
C, symmetry of “L-shaped square-planar complexes”. The
rigid seven-membered chelated quinoxaline ligand holds the
fused aromatic rings nearly perpendicular to the Pt coordi-
nation plane, generating the peculiar L-shaped structure.
Ancillary ligands in the residual coordination sites are: a) bi-
dentate flexible-planar 2,2'-bipyridine (bipy; complexes 1
and 2); b) bidentate rigid-planar dipyrido[3,2-a:2'3’-c]phena-
zine (dppz) or benzo[b]dipyrido[3,2-h:2’,3'-j]phenazine
(bdppz; complexes 3-6); or ¢) 3-substituted monodentate pyr-
idines (3-Rpy; complexes 7-9). The L-shaped geometry has
been exploited to gain insight into the steric and dynamic
features that regulate the noncovalent interactions of these

square-planar complexes with DNA. We have shown pre-
viously, for [Pt(bipy)(n-Rpy),]?*, that bipy twisting can be fro-
zen out on the NMR timescale below 260 K. Preservation of
the Cy symmetry at low temperature indicates a lack of bipy
fluxionality within these L-shaped structures. The static but-
terfly-like symmetric orientation of the quinoxaline pyridyl
rings accounts for the hampered twisting of Pt(bipy), which
is otherwise assisted by the synchronous “windscreen wiper”
conrotatory rocking of the ancillary pyridine rings. The L-
geometry can also be used to monitor the ancillary n-Rpy
rotation by NMR spectroscopy. The quasi-vertical quinoxa-
line pyridyl rings alignment leave room in the coordination
plane for the crossing of the opposite pyridine rings, thereby
reducing their rotational barriers about the Pt—-N bond.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

In the course of our interest in intercalative, noncovalent
interaction of square-planar Pt!" complexes with DNA du-
plex, we have recently synthesised platinum(ir) complexes of
DMeDPQ and BDPQ. These ligands display a rather flex-
ible metal-ion binding pattern often characterised by chel-
ation through the pyrazine and pyridyl nitrogen atoms to
form potentially dicompartmental five-membered ring li-
gands. Different coordination patterns, however, are also
known. On the basis of literature reports three main coordi-
nation geometries can be envisaged for these ligands: (i)
half-filled mononuclear;!!! (ii) completely filled dinuclear
(the ligand acts as a two-metal bridge);?! and (iii) a less-
common seven-membered bis(pyridyl)metal chelate ring!
(Scheme 1). One case of BDPQ three-coordination through
two pyridyl nitrogen atoms and the deprotonated hydroxy
oxygen atom of the hydrate ligand has also been reported.!
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Scheme 1. Common coordination modes adopted by BDPQ and
DMeDPQ

Most of the known DMeDPQ and BDPQ complexes
were unambiguously characterised by X-ray crystallography
as mononuclear and binuclear octahedral complexes, and
very few tetracoordinate complexes have been reported so
far.>] We have recently found that in [PdCl,(DMeDPQ)]®
and [Pt(BDPQ)(bipy)](PF¢), [l the quinoxalines coordinate
to the metal as seven-membered bis-pyridyl chelates. This
binding holds the fused aromatic rings perpendicular to the
coordination plane to give an angular “L-shaped” struc-
ture (Figure 1).

The same coordination geometry has been reported for
[PtCl,(DMeDPQ)|®! and [Pd(DPQ),](PFs),.! Saturation of
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Figure 1. Schematic drawing of [Pt(DMeDPQ)(bipy)]**

the residual coordination sites of (quinoxaline)Pt™ sub-

strates with flat bidentate ligands led to the six mixed com-
plexes 1—6, which bear two extended mutually orthogonal
planar moieties, both of which are capable of undergoing
intercalation as well as enantioselective DNA recognition.
The ambintercalating character of these complexes has been
investigated recently.[’l In this paper we report the 'H and
13C NMR spectroscopic characterisation of the ambinter-
calator complexes 1—6, and their monodentate pyridine
analogues 7—9 (see Scheme 2). The crystal structure of
[Pt(DMeDPQ)(bipy)](PFe), (1) has also been resolved by
X-ray diffraction. The unambiguous resonance assignment
and structure determination are essential steps on the way
toward intercalative mapping driven by magnetic pertur-
bation of the nuclei upon insertion into the DNA double
helix. Moreover, we designed the quinoxaline coordination
geometry to gain insight into the structural and dynamic
features regulating the noncovalent interactions of the
square-planar complexes with DNA. Despite quinoxalines’
versatility to act as a magnetic probe of the structural and
dynamic features of the ancillary ligands, NMR studies of
these L-shaped Pt complexes have, up to now, been larg-
ely neglected.

Results and Discussion

The syntheses of complexes 1—9 are discribed in the
Exp. Sect.

Our experimental evidence is consistent with DMeDPQ
and BDPQ acting as bidentate seven-membered dipyridyl
chelates. The ancillary ligands in the residual coordination
sites of the nine complexes studied here belong to three dif-
ferent classes: a) bidentate-planar with a certain degree of
flexibility (bipy; complexes 1 and 2); b) more rigid biden-
tate-planar phenazine (dppz and bdppz; complexes 3—6);
¢) monodentate pyridines (3-Rpy, R = H, CHj3; complexes
7-9). 2-D representations of the ligands and schematic
formulae for complexes 1—9 are given in Scheme 2.
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2 [PBDPQ)(bipy)](PFe), 8 [PtBDPQ)(py)oJ(PFe)y

3 [P(DMeDPQ)(dppz)](PFg), 9 [P{DMeDPQ)(3-Mepy),1(PFe),
4 [P{DMeDPQ)(bdppz)|(PFe),

5 [PBDPQ)(dppz)](PFe),

6 [Pt{BDPQ)(bdppz)I(PFe)

Scheme 2. 2D representation of ligands and schematic formulae
1-9

The solid-state structure, solved by X-ray diffraction, un-
equivocally shows the L-shaped nature of 1. The same coor-
dination has previously been found for analogous
substrates,®~° meaning that “L-shaped” is the preferred
structure for square-planar (quinoxaline)Pt" and -Pd"
complexes. This geometry has C, symmetry due to a vertical
mirror plane (g,) intersecting the metal atom. The high-
resolution NMR spectra are consistent with this symmetry
element, as single signals are detected for every pair of nu-
clei interchanged by the symmetry operation. Standard 1-
and 2-D NMR techniques were employed for thorough res-
onance assignment (Tables 1 and 2).

Discrimination between the quinoxaline pyridyl and the
2,2'-bipyridine proton resonances of 1 and 2 was achieved
by heteronuclear long-range C-7'/3'-H coupling, which al-
lowed the assignment of 3'-H and thus the whole set of
pyridyl resonances. Analogously, the phenazine pyridyl res-
onances could be assigned due to the heteronuclear long-
range C-7/4-H coupling (C-7 signal at higher field than C-
7' signal). Together with other data, dipolar 10-H/4-H
coupling of the planar phenazine protons, which is not
found between 10’-H and 3'-H or 10’-H and 4’-H of the
bent quinoxaline, confirmed the heteronuclear long-range
coupling assignments of 3—6. A peculiar, previously re-
ported '"H NMR spectral feature of [Pt(bipy)(n-Rpy),]*" is
a strong diamagnetic shift experienced by the 6-H protons
of the bipy ligand because of the anisotropic ring current of
the quasi-perpendicular n-Rpy group.!'®! We found a similar
effect in 1 and 2, where the seven-membered chelates hold
the bis(pyridyl) vertical rings just above 6-H of bipy. This
diamagnetic shift is less in rigidly planar phenazine com-
plexes 3—6, and even more so in the 3-Rpy derivatives 7—9.
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Table 1. Selected '"H NMR resonances of complexes 1—9 in [Dglacetone at 298 K

2-H 3-H 4-H 5-H 6-H 10-H 11-H 12-H 13-H 3'-H 4-H 5-H 6'-H 10'-H 12'-H 13’-H
1 - 8.67 853 7.83 818 — - - - 8.29 8.57 814 946  8.05 2.58 -
2 - 8.65 853 7.85 822 - - - - 8.39  8.61 8.18 9.52 898 8.34 7.78
3 - - 10.01 833 871 8.47 8.21 - - 8.36 8.63 8.21 9.60  8.05 2.54 -
4 - - 9.88 829 8.65 892 - 8.14 7.55 839 865 823 9.62 8.09 2.54 -
5 - - 999 833 873 843 8.17 - 845 8.66 829 9.65 8.96 8.31 7.73
6 - - 9.86 829 8.66 8.88 - 8.11 7.52 848 8.68 829 9.67 9.00 8.29 7.71
7 892 7.62 807 7.62 892 — - - - 8.21 837 7.86 924  8.19 2.70 -
8 894 7.62 8.07 7.62 894 — - - - 8.31 8.40 7091 929 9.12 8.46 7.88
9 880 — 786 747 871 819 835 786 922 8.20 2.70 -
Table 2. Selected '*C{'H} NMR resonances of complexes 1—9 in [Dg]acetone at 298 K

C-2 C-3 C-4 C-5 C-6 C-7 C-2' C-3' Cc-4' C-5' C-6' C-7 C-9 C-10’
1 157.5 125.6 143.7 129.8 150.9 - 158.8 131.0 143.9 130.2 153.2 147.4 145.2 129.2
2 157.6 125.6 143.9 129.8 150.9 - 158.6 131.3 144.0 130.4 153.3 148.7 138.4 129.6
3 151.1 131.7 139.5 129.3 152.9 143.7 159.0 131.2 143.9 130.3 153.4 147.6 145.5 129.2
4 151.5 131.8 139.4 129.6 152.9 140.0 159.0 131.2 144.0 130.4 153.5 147.6 145.6 129.1
5 151.1 131.6 139.5 129.5 152.9 143.7 158.8 131.4 144.1 130.6 153.5 148.6 138.3 129.3
6 151.4 131.8 139.4 129.5 152.9 140.0 158.8 131.5 144.1 130.6 153.6 148.6 138.4 129.5
7 152.7 128.8 142.5 128.8 152.7 - 158.6 130.9 143.2 128.9 152.1 147.6 145.2 129.5
8 152.7 128.8 142.6 128.8 152.7 - 158.5 131.1 143.4 129.1 152.3 148.7 138.9 129.7
9 152.0 139.2 142.6 127.7 149.5 17.9 158.3 130.5 142.9 128.5 151.8 147.5 145.2 129.3

Coordinated bipy is usually thought of as a perfectly flat
fragment; however, we have previously proposed a slight
propeller-like torsion of the ligand in [Pt(bipy)(n-Rpy),]*"
cations on the basis of both low-temperature NMR spec-
tral’® and X-ray crystal structures.[!'l Indeed, in order to
minimize intramolecular bumping, these complexes un-
dergo a slight bipy-propeller distortion concerted to an
about 10° conrotation of the quasi-vertical n-Rpy. NMR
spectra consistent with time-averaged C,, symmetry are due
to fast bipy twisting synchronous to windscreen wiper rock-
ing of n-Rpy. Locked propeller structures can be witnessed
by low-temperature resonance splitting observed for non-
fluxional molecules devoid of C, symmetry axis.'” In this
sense the lack of C, symmetry and the static
configuration makes the (DMeDPQ)Pt and (BDPQ)Pt
fragments excellent NMR probes of the ancillary bipy dis-
tortion. Despite the presence of many nuclei suitably posi-
tioned for magnetic monitoring of bipy distortion, we could
not detect any 'H or '3C resonance splitting at 210 K for
solutions of 1 and 2 (or for any of the other complexes
studied here). This is a strong indication of planar bipy,
which is not allowed to break the L-shaped molecular C;
symmetry. In agreement with this, the X-ray diffraction data
of 1 show a perfectly planar Pt(bipy) skeleton. The disparity
between the coordinated bipy geometry and fluxionality
can be attributed to a slight but crucial difference in the
orientation adopted, respectively by the n-Rpy of [Pt(bi-
py)(n-Rpy),]*", and quinoxaline pyridyl rings of 1 and 2.
Molecular models based on crystallographic data show, in
fact, that the symmetrically disrotated quinoxaline pyridyl
wings of [Pt(DMeDPQ)(bipy)]** and [Pt(BDPQ)(bipy)]*"

4712 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

(rigid butterfly-like configuration) hamper, unlike the con-
rotated pyridine rings of [Pt(bipy)(n-Rpy),]*", twisting of
the opposite bipy (Figure 2). Therefore, the bipy moieties of
the L-shaped cations are forced into the same rigid planar
structure as dppz and bdppz. Indeed, low-temperature
NMR spectra of [Pt(dppz)(n-Rpy).]** and [Pt(dppz)(n-
Rpy),J*>*, as the L-shaped cations, do not show resonance
splitting.[*?]

The monodentate 3-substituted pyridines 3-Rpy are the
ancillary ligands in 7—9. In 9 we introduced a methyl sub-
stituent on the pyridine ring to gain clues concerning ge-
ometry and monitoring of the dynamics, as hindered ro-
tation of 3-Mepy would lead to an NMR-detectable s-cis/
s-trans rotamer equilibrium.['% Solutions of 9 actually show
resonances of a single compound. This could either mean
a much greater thermodynamic stability of one rotamer, or
a low rotational barrier for 3-Rpy (fast exchange). Very ac-
curate selective NOED spectra indicate a spatial 2-H/6-H
connectivity attributable to the neighbouring pyridine rings.
This excludes the unique presence of an s-cis rotamer, but
is consistent with both a static s-trans rotamer and fast ro-
tation. Positive NOEs for 9 were also detected between the
quinoxaline 6'-H and both 2-H and 6-H of the pyridyl moi-
eties. Indeed, dipolar couplings by themselves suggest 3-
Mepy rotation leading to transient 2-H/6-H contacts be-
tween nuclei of the neighbouring 3-Mepy; and also 2-H and
6-H temporarily alternate their proximity to 6’-H of the
static quinoxaline pyridyl rings (Figure 3). This conclusion
is further supported by the 'C-'H relaxation-time con-
stants of 7 and 9. Under decoupling conditions, for a pure
dipolar relaxation in the extreme narrowing limit (neglect-
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Figure 2. Allowed or hampered distortion of Pt(bipy) cations

ing contributions of unattached protons and considering
the C—H distance to be constant), the aromatic '3C-'H
relaxation time can be taken as a measure of the anisotropic
spin diffusion.!"3! The rotation of rings anchored to a bulk
matrix slows down the relaxation rates of the ortho- and
meta-carbon atoms without altering the para-carbon atom,
whose proton-attached dependent local field is not affected
by the rotational diffusion. The increased relaxation-time
constants shown by the ortho- and meta-carbon atoms rela-
tive to the para-carbon atom are thus consistent with fast
3-Rpy rotation (Table 3).

Figure 3. Remarkable dipolar couplings detected for 9 by NOESY
NMR spectroscopy

The low-temperature NMR spectra of 9 in acetone at
210 K do not show evidence of 3-Mepy freezing, in agree-
ment with a low rotational barrier of the pyridine ring. On
the contrary, the corresponding [Pt(bipy)(3-Mepy),]>* cat-
ion shows s-cis and s-framns rotamers interconverting at
320 K with AG* of 68.5 kJ-mol~1.['% This difference can be
attributed to the quasi-vertical orientation of quinoxaline

Eur. J. Inorg. Chem. 2004, 4710—4717 www.eurjic.org

Table 3. Selected relaxation-time constants [s] of the aromatic '3C-
H carbon atoms in [Dglacetone at 298 K; standard deviations are
less than 5%

DMeDPQ 3-Rpy
C3 C4 C5 C6 Cl00 C2 C3 C4 C5 C-6
7 079 0.78 0.84 0.81 0.88 1.31 1.35 090 1.35 1.31
9 0.74 0.72 0.80 0.75 0.85 121 - 0.85 1.28 1.16

pyridyl rings which remove hindrance from the coordi-
nation plane. Analogous conclusions can be drawn from the
NMR spectra of 7 and 8 showing, also at 210 K, three
pyridine resonances (for the four ortho, four meta and two
para nuclei, respectively) due to symmetry averaging about
the coordination plane prompted by fast pyridine rotation.

Despite all our efforts we were not able to prepare 2-
Mepy quinoxaline complexes. It is likely that coordination
is inhibited by the steric hindrance between the ortho-
methyl substituent and the hetroaromatic rings.

Molecular Structure of {[Pt(DMeDPQ)(bipy)|[PFl,}
0.5{(DMeDPQ)(CH;0H)}

The 6,7-dimethyl-2,3-bis(2-pyridyl)quinoxaline ligand
(DMeDPQ) crystallises with the platinum salt in a 3:2
ratio. The crystal contains a discrete complex
[Pt(DMeDPQ)(bipy)]>" cation with the hexafluorophos-
phate ions as counterions (ratio 1:2), and co-crystallised un-
coordinated ligand and methanol solvent (both in a 2:1 ra-
tio). This solid-state aggregate is stabilized by strong -
stacking (3.6 A) between the planar quinoxaline fragment
of the alternate free and coordinated ligands along the ¢
axis: the anions and the methanol molecules are retained
between these parallel columns by hydrogen-bonding inter-
actions. The 3-D packing arrangement is very ordered and
shows an overall symmetry (expressed by the adopted crys-
tallographic space group) higher than the single compound
moieties, which causes an important symmetry disorder for
the free ligand and one PF¢™ anion.

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 4713
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The coordinated quinoxaline ligand shows the same ar-
rangement as adopted in a previous Pd compound
[PACl,(DMeDPQ)J®! showing a slight conjugation between
the aromatic bicyclic system and the pyridine ring, as evi-
denced by the N2—Cl0—Cl11—-Cl1" torsion angles
[—52.9(5)° vs. the average value of 57.5(4)°] that is similar
to the corresponding value in the free disordered ligand
[—48(1)°]. This typical butterfly arrangement, which allows
the nitrogen lone pairs to be oriented out of the ligand
plane towards the metal atom in the coordinated quinoxa-
line, is also observed in the uncoordinated ligand.['¥ The
steric requirements of the ligand bite may also be respon-
sible for the significant deformations from planarity of the
quinoxaline!’>! and the enlargement of the pyridine sub-
stituent angles up to 130° (protonated free ligand).['®]

The pyridyl orientation causes the quinoxaline mean
plane to be normal to the platinum coordination plane con-
taining the bipyridyl ligand, with a dihedral angle between
them of 81.09(9)°. The angle of 71.4(2)° between the quin-
oxaline pyridine rings and the Pt coordination plane may
indicate a possible interaction of the m-orbitals of both rings
with the d,., d,. and d,, orbitals of the metal atom.!'”) The
DMeDPQ and bipy Pt—N bond Ilengths are similar
[2.027(4) vs. 2.013(3) A, respectively], the angular distortion
from the regular square-planar Pt coordination geometry
being mainly due to the different bite size of the two li-
gands (Figure 4).

Figure 4. View of the cation of complex 1, which lies on a mirror
plane, with its labelling scheme; empty atoms represent the sym-
metric half moiety generated by the x, —y + 1, z operation; anions,
co-crystallised uncoordinated ligand and methanol moieties have
been omitted for clarity; thermal ellipsoids are drawn at 30% prob-
ability while the hydrogen-atom size is arbitrary; selected bond
lengths [A] and angles [°]: Pt—N1 2.013(3), Pt—N2 2.027(4),
NI1-C1 1.365(5), C1-C1’ 1.457(8), N2—C10 1.341(5), C10—Cl11
1.480(6), CI1-CI11" 1.42509), CI11-N3 1.330(5), N3-Cl12
1.368(6), C12—C12" 1.42(1); N1—-Pt—N2 97.0(1), N1'—Pt—N1
80.7(2), N2—Pt—N2' 85.2(2), NI-C1—-C1’ 114.9(2), C2—C1-C1’
124.3(3), N3—C11—-C10 113.4(4), C11'=C11—-C10 124.9(2)

Conclusions

Quinoxalines lead to L-shaped Pt'" complexes of C; local
symmetry. The rigid butterfly-like structure gives these

4714 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

complexes stereochemical properties, which can be ex-
ploited for studying geometry and fluxionality of several
ancillary ligands. The prochiral character of coordinated
quinoxaline could pave the way to enantioselective synthesis
and new classes of chiral compounds.

Experimental Section

General Remarks: 'H and '3C{'H} NMR spectra were recorded
with a Bruker ARX 300 spectrometer, at 300.13 and 75.47 MHz,
respectively. The 'TH NMR spectra were calibrated against the re-
sidual proton signals of the solvent as internal reference ([Dglace-
tone, 6 = 2.04 ppm), the '*C{'H} spectra were calibrated against
the septuplet signals of the solvent ([Dglacetone 6 = 29.80 ppm).

Synthesis: Complexes 1 and 2 were prepared by dissolving
DMeDPQ (Aldrich) or BDPQI8! (2.5 mmol), respectively, in
100 mL of CH3;0H, adding H,O to give a 1:1 CH3;0H/H,O mix-
ture and suspending a slight excess (5%) of [PtCl,(bipy)]"?! with
respect to the stoichiometric ratio in it. The mixture was then
heated to boiling and kept refluxing for 1/2 h until almost complete
dissolution of the platinum complex. After filtration to eliminate
the traces of solid material, NH4,PF¢ was added and the resulting
complexes 1 and 2 precipitated as yellow solids, which were recrys-
tallised from CH;OH. Yields: 75% (1), 83% (2).

Complexes 3—6 were synthesised starting from the corresponding
phenazine (dppz?”! or bdppz?!) dichloride, obtained as follows:
The phenazine ligand (2.5 mmol) was dissolved in 100 mL of warm
(ca. 50 °C) DMSO and added dropwise and with stirring to an
equivalent amount of [PtCl,(DMSO),],?? also dissolved in 100 mL
of warm DMSO. After a few minutes, the red (phenazine)platinum
dichloride, initially yellow in the case of [PtCly(dppz)], precipitated.
To facilitate its coagulation, the mixture was stirred for 1 h, then
filtered, washed with H,O and a few drops of CH3OH to eliminate
the DMSO, and air-dried. A slight excess of the dichloride thus
obtained was then suspended in a CH3;0H/H,O (2:1) mixture
(300 mL) in which the quinoxaline ligand (DMeDPQ or BDPQ;
2.5 mmol) had been previously dissolved. To facilitate the dissol-
ution of the sparingly soluble phenazine dichloride complex, a few
drops of DMSO were added and the mixture was heated to boiling
and kept refluxing for 3 d. After cooling, insoluble material was
separated by centrifugation, and the final product precipitated from
the coloured solution (yellow for the complexes with dppz and or-
ange-red for the ones with bdppz) by addition of an excess of
NH,PF;. Since the yield of the reaction was very low, especially
for the two complexes with bdppz, it was necessary to recover the
unchanged (dppz)- and (bdppz)platinum dichloride from the bot-
tom of the test tubes, and to repeat 2—3 times, under the same
conditions, the treatment with the corresponding quinoxaline li-
gand. The ivory [Pt(DMeDPQ)(dppz)](PFs),, the reddish
[Pt(DMeDPQ)(bdppz)](PF¢),, the orange-brown [Pt(BDPQ)-
(dppz)](PFg), and the brick-red [Pt(BDPQ)(bdppz)](PFg), were all
recrystallised from CH;CN. Yields: 61% (3), 27% (4), 69% (5),
20% (6).

For the synthesis of complexes 7—9 it was necessary to prepare the
corresponding (DMeDPQ)- or (BDPQ)platinum dichloride. To this
end, the quinoxaline ligand (2.5 mmol) was dissolved in warm (ca.
50 °C) DMSO (100 mL) and added dropwise with stirring to an
equivalent amount of [PtCl,(DMSO),],[?? also dissolved in DMSO
(100 mL). After a few minutes, an off-white product, in the case
of [PtCl,(DMeDPQ)], or a deep yellow one, for [PtCl,(BDPQ)],
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precipitated. Since the chloro complexes were very powdery and so
very difficult to filter, after 5h a few drops of H,O were added to
facilitate their coagulation and then filtered through a water pump.
The product was washed with H,O and a few drops of CH;OH to
eliminate the DMSO, and air-dried. The dichloride complex thus
obtained was then suspended in H>O in the presence of the appro-
priate pyridine (5% excess with respect to the stoichiometric 1:2
ratio) and heated to boiling. After dissolution of the complex,
NH4PF was added and the resulting complexes 7—9 precipitated
as light-yellow solids, which were washed with H,O and a few drops
of CH3;OH, and air-dried. The complexes were then recrystallised
from CH3;OH. Yields: 67% (7), 70% (8), 68% (9).

All complexes were characterised by elemental analysis and 'H and
13C NMR spectroscopy (see Scheme 3 for atom numbering). The
structure of [Pt(DMeDPQ)(bipy)](PFs), was determined by a
single-crystal X-ray analysis of {[Pt(DMeDPQ)(bipy)|[PFgl,}*
0.5{(DMeDPQ)(CH,0)}.

4 5 5

Scheme 3. General numbering scheme

[Pt(DMeDPQ)(bipy)I(PF), (1): 'H NMR (300 MHz, [DgJacetone):
5=9.46(d, 3 = 5Hz, 2 H, 6'-H), 8.67 (d, 3/ = 6 Hz, 2 H, 3-H),
8.57(td,3J = 7,47 = 1 Hz, 2 H, 4'-H), 8.53 (td, 3/ = 7, %/ = 1 Hz,
2 H, 4-H), 8.29 (d, *J = 6 Hz, 2 H, 3'-H), 8.18 (d, 3/ = 8 Hz, 2 H,
6-H), 8.14 (m, 2 H, 5'-H), 8.05 (s, 2 H, 10’-H), 7.83 (td, 3J = 6,
47 = 1Hz 2 H, 5-H), 2.58 (s, 6 H, 12'-H) ppm. 3C{'H} NMR
(75 MHz, [Dglacetone): & = 158.8 (2 C, C-2'), 157.5 (2 C, C-2),
153.2 (2 CH, C-6'), 150.9 (2 CH, C-6), 147.4 (2 C, C-7'), 145.2 (2
C, C-9'), 143.9 (2 CH, C-4"), 143.7 (2 CH, C-4), 141.5 (2 C, C-11"),
131.0 (2 CH, C-3'), 130.2 (2 CH, C-5'), 129.8 (2 CH, C-5), 129.2
(2 CH, C-10'), 125.6 (2 CH, C-3), 20.4 (2 CH,, C-12') ppm.
C30Ha4F 12NGP,Pt (954): caled. C 37.79, H 2.54, N 8.81; found C
37.70, H 2.58, N 8.88.

[Pt(BDPQ)(bipy)I(PFs), (2): '"H NMR (300 MHz, [Dglacetone):
0 =9.52(d, 3 = 5Hz, 2 H, 6/-H), 8.98 (s, 2 H, 10’-H), 8.65 (d,
3] = 8 Hz, 2 H, 3-H), 8.61 (td, 3J = 7,%J = 1 Hz, 2 H, 4'-H), 8.53
(td, 3J = 7,4 = 1 Hz, 2 H, 4-H), 8.39 (d, 3J = 7Hz, 2 H, 3’-H),
8.34 (m, 2 H, 12'-H), 8.22 (d, 3 = 6 Hz, 2 H, 6-H), 8.18 (m, 2 H,
5'-H), 7.85 (m, 2 H, 5-H), 7.78 (m, 2 H, 13’-H) ppm. *C{'H}
NMR (75 MHz, [Dglacetone): 0 = 158.6 (2 C, C-2), 157.6 (2 C,
C-2), 153.3 (2 CH, C-6'), 150.9 (2 CH, C-6), 148.7 (2 C, C-7"),
144.0 (2 CH, C-4"), 143.9 (2 CH, C-4), 1384 (2 C, C-9'), 136.2 (2
C, C-11"), 131.3 (2 CH, C-3"), 130.4 (2 CH, C-5"), 129.8 (2 CH, C-
5), 129.6 (2 CH, C-10"), 129.4 (4 CH, C-13', C-12), 125.6 (2 CH,
C-3) ppm. C3,H»,F,NgP,Pt (976): caled. C 39.40, H 2.27, N 8.61;
found C 39.21, H 2.38, N 8.56.

[Pt(DMeDPQ)(dpp2)|(PFs)> (3): 'H NMR (300 MHz, [DjJace-
tone): 6 = 10.01 (dd, 3J = 8, 4J = 1 Hz, 2 H, 4-H), 9.60 (d, 3J =
6 Hz, 2 H, 6'-H), 8.71 (dd, 3/ = 5,4J = 1 Hz, 2 H, 6-H), 8.63 (td,
3J =8,4 = 1Hz, 2 H, 4-H), 8.47 (m, 2 H, 10-H), 8.36 (m, 2 H,
3'-H), 8.33 (dd, 3/ = 8, 3/ = 5Hz, 2 H, 5-H), 8.21 (m, 4 H, 5'-H
and 11-H), 8.05 (s, 2 H, 10’-H), 2.54 (s, 6 H, Me) ppm. 3C{'H}
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NMR (75 MHz, [Dglacetone): 0 = 159.0 (2 C, C-2'), 153.4 (2 CH,
C-6"), 152.9 (2 CH, C-6), 151.1 (2 C, C-2), 147.6 (2 C, C-7"), 145.5
(2 C, C-9), 1439 (2 CH, C4'), 1437 2 C, C-7), 1414 (2 C, C-
11"), 139.6 (2 C, C-9), 139.5 (2 CH, C-4), 134.0 (2 CH, C-11), 131.7
(2 C, C-3), 131.2 (2 CH, C-3’) 130.6 (2 CH, C-10) 130.3 (2 CH, C-
5"), 129.3 (2 CH, C-5), 129.2 (2 CH, C-10"), 20.4 (2CH3, C-12")
ppm. CigH,sF,NgP,Pt (1080): caled. C 42.27, H 2.43, N 10.38;
found C 42.13, H 2.45, N 10.26.

[Pt(DMeDPQ)(bdppz)(PFy), (4): '"H NMR (300 MHz, [DgJace-
tone): 0 = 9.88 (d, 3 = 9 Hz, 2 H, 4-H), 9.62 (d, 3J = 5 Hz, 2 H,
6'-H), 8.92 (s, 2 H, 10-H), 8.65 (m overlapped, 4 H, 6-H and 4'-
H), 8.39 (m, 2 H, 3'-H), 8.29 (m, 2 H, 5-H), 8.23 (m, 2 H, 5'-H),
8.14 (m, 2 H, 12-H), 8.09 (s, 2 H, 10’-H), 7.55 (m, 2 H, 13-H), 2.54
(s, 6 H, 12’-H) ppm. '*C{'H} NMR (75 MHz, [D¢Jacetone): § =
159.0 (2 C, C-2'), 153.5 (2 CH, C-6"), 152.9 (2 CH, C-6), 151.5 (2
C, C-2), 147.6 2 C, C-7'), 145.6 (2 C, C-9"), 144.0 (2 CH, C-4"),
1414 2 C, C-11"), 140.0 (2 C, C-7), 139.4 (2 CH, C-4), 139.1 (2 C,
C9), 136.0 (2 C, C-11), 131.8 (2 CH, C-3), 131.2 (2 CH, C-3"),
130.4 (2 CH, C-5"), 129.6 (2 CH, C-5), 129.3 (2 CH, C-12, C-13),
129.2 (2 CH, C-10), 129.1 (2 CH, C-10"), 20.4 (2CHs, C-12") ppm.
CoHasF1,NgP,Pt (1130): caled. C 44.65, H 2.50, N 9.92; found C
44.47, H 2.56, N 9.88.

[PtBDPQ)(dpp2)I(PF,), (5): 'H NMR (300 MHz, [DgJacetone):
6 =999 (dd, 3J = 8,4 = 1Hz, 2 H, 4-H), 9.65 (d, 3J = 5Hz, 2
H, 6'-H), 8.96 (s, 2 H, 10’-H), 8.73 (td, 3/ = 6, %/ = 1 Hz, 2 H, 6-
H), 8.66 (td, 3J = 8, %/ = 1 Hz, 2 H, 4'-H), 8.44 (m, overlapped 4
H, 3’-H and 10-H), 8.33 (m, 2 H, 5-H), 8.31 (m, 2 H, 12'-H), 8.29
(m, 2 H, 5'-H), 8.17 (dd, 3J = 6, *J = 3 Hz, 2 H, 11-H), 7.73 (dd,
3] = 6,4 = 3Hz, 2 H, 13'-H) ppm. *C{'H} NMR (75 MHz,
[DgJacetone): & = 158.8 (2 C, C-2'), 153.5 (2 CH, C-6'), 152.9 (2
CH, C-6), 151.1 2 C, C-2), 148.6 (2 C, C-7') 144.1 (2 CH, C-4),
143.7 (2 C, C-7), 139.6 (2 C, C-9), 139.5 (2 CH, C-4), 138.3 (2 C,
C-9), 136.2 (2 C, C-11"), 134.0 (2 CH, C-11), 131.6 (2 C, C-3),
131.4 (2 CH, C-3"), 130.6 (4 CH, C-10, C-5"), 129.5 (2 CH, C-5),
1294 (2 CH, C-13"), 1293 (4 CH, C-10’, C-12') ppm.
CaoHasF1,NgP,Pt (1102): caled. C 43.61, H 2.20, N 10.17; found C
43.65, H 2.11, N 10.07.

[Pt(BDPQ)(bdppz)(PF), (6): 'H NMR (300 MHz, [D¢Jacetone):
5 =986 (d, 3] = 9 Hz, 2 H, 4-H), 9.67 (d, >J = 5 Hz, 2 H, 6'-H),
9.00 (s, 2 H, 10'-H), 8.88 (s, 2 H, 10-H), 8.68 (m, 2 H, 4'-H), 8.66
(d, 3] = 6 Hz, 2 H, 6-H), 8.48 (d, 3/ = 9 Hz, 2 H, 3'-H), 8.29
(overlapped m, 6 H, 5-H, 5'-H, 12'-H), 8.11 (m, 2 H, 12-H), 7.71
(dd, 3J = 6, %] = 3Hz, 2 H, 13'-H), 7.52 (dd, 3J = 6, “J = 3 Hz,
2 H, 13-H) ppm. BC{'H} NMR (75 MHz, [DgJacetone): 5 = 158.8
(2 C, C-2"),153.6 (2 CH, C-6"), 152.9 (2 CH, C-6), 1514 (2 C, C-
2), 148.6 (2 CH, C-7'), 144.1 (2 CH, C-4'), 140.0 (2 C, C-7), 139.4
(2CH, C-4), 139.1 (2C, C-9), 1384 (2 C, C-9), 136.2 (2 C, C-11"),
1359 (2 C, C-11), 131.8 (2 C, C-3), 131.5 (2 CH, C-3'), 130.6 (2
CH, C-5), 129.5 (6 CH, C-5, C-10', C-12"), 129.4 (2 CH, C-13"),
1293 (4 CH, C-10, C-12), 129.1 (2 CH, C-13) ppm.
CasHagF1,NgP,Pt (1152): caled. C 45.88, H 2.28, N 9.73; found C
45.81, H 2.22, N 9.65.

[Pt(DMeDPQ)(py):l(PFy), (7): 'H NMR (300 MHz, [DJacetone):
§=924(d,3 = 6Hz 2 H, 6/-H), 8.92 (dd, 3 = 7, *J = 2 Hz, 4
H, 2-H = 6-H), 8.37 (td, 3/ = 8, *J = 1 Hz, 2 H, 4'-H), 8.21 (dd,
3] =17,4 = 1Hz, 2 H, 3'-H), 8.19 (s, 2 H, 10’-H), 8.07 (tt, 3J =
7,4] = 2 Hz, 2 H, 4-H), 7.86 (td, 3J = 8, *J = 1 Hz, 2 H, 5'-H),
7.62 (m, 4 H, 3-H = 5-H), 2.70 (s, 6 H, 12'-H). '*C{'H} NMR
(75 MHz, [Dglacetone): § = 158.6 (2 C, C-2'), 152.7 (4 CH, C-2 =
C-6), 152.1 (2 CH, C-6'), 147.6 (2 C, C-7'), 145.2 (2 C, C-9'), 143.2
(2 CH, C-4'), 142.5 (2 CH, C-4), 141.9 (2 C, C-11"), 130.9 (2 CH,
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C-3'), 129.5 (2 CH, C-10"), 128.9 (2 CH, C-5"), 128.8 (4 CH, C-3
to C-5), 20.6 (2 CHs) ppm. CsoHaF12NGP,Pt (956): caled. C 37.71,
H 2.74, N 8.79; found C 37.66, H 2.89, N 8.67.

[Pt(BDPQ)(py)l(PF¢) (8): 'H NMR (300 MHz, [DgJacetone): § =
9.29 (d,3J = 6 Hz, 2 H, 6'-H), 9.12 (s, 2 H, 10’-H), 8.94 (dd, 3J =
7,4] = 2Hz, 4 H, 2-H = 6-H), 8.46 (dd, *J = 6, *J = 3Hz, 2 H,
12'-H), 8.40 (dd, 3J = 8,%J = 2 Hz, 2 H, 4-H), 8.31 (dd, 3J = 7,
4] = 1Hz, 2 H, 3'-H), 8.07 (m, 2 H, 4-H), 7.91 (m, 2 H, 5'-H),
7.88 (dd partially overlapped with 5'-H, 3J = 6, J = 3 Hz, 2 H,
13'-H), 7.62 (dd, 3J = 7,4J = 2 Hz, 4 H, 3-H = 5-H) ppm. 3C{'H}
NMR (75 MHz, [Dglacetone): 0 = 158.5 (2 C, C-2'), 152.7 (4 CH,
C-2—C-6), 152.3 (2 CH, C-6'), 148.7 (2 C, C-7"), 143.4 (2 CH, C-
4"), 142.6 (2 CH, C-4), 138.9 (2 C, C-9'), 136.3 (2 C, C-11"), 131.1
(2 CH, C-3'), 129.7 (4 CH, C-10', C-12"), 129.4 (2 CH, C-13'),
1291 (2 CH, C-5), 1288 (4 CH, C3 = C-5) ppm.
C3oHoyF15NgP,>Pt (978): caled. C 39.32, H 2.47, N 8.58; found C
39.17, H 2.41, N 8.67.

[Pt(DMeDPQ)(3-Mepy),|(PF), (9): 'H NMR (300 MHz, [DgJace-
tone): 6 = 9.22 (d, 3J = 6 Hz, 2 H, 6’-H), 8.80 (s, 2 H, 2-H), 8.71
(d, 3J = 6 Hz, 2 H, 6-H), 8.35 (td, 3J = 8, *J = 1 Hz, 2 H, 4'-H),
8.19 (m overlapped, 4 H, 10’-H and 3'-H), 7.86 (m overlapped, 4
H, 4-H and 5'-H), 7.47 (dd, 3J = 8, 3J = 6 Hz, 2 H, H- 5), 2.70 (s,
6 H, 12'-H), 2.26 (s, 6 H, 3-Me) ppm. '3C{'H} NMR (75 MHz,
[Dglacetone): 6 = 158.3 (2 C, C-2"), 152.0 (2 CH, C-2), 151.8 (2
CH, C-6'), 149.5 (2 CH, C-6) 147.5 (2 C, C-7"), 145.2 (2 C, C-9"),
142.9 (2 CH, C-4'), 142.6 (2 CH, C-4), 141.8 (2 C, C-11"), 139.2 (2
C, C-3), 130.5 (2 CH, C-3"), 129.3 (2 CH, C-10"), 128.5 (2 CH, C-
5", 127.7 (2 CH, C-5), 20.2 (2 CH;, C-12'), 17.9 (2 CH3, 3-Mepy)
ppm. C3,H30F,NgP,Pt (984): caled. C 39.07, H 3.07, N 8.54; found
C 39.16, H 2.99, N 8.67.

X-ray Crystallographic Study of [Pt(DMeDPQ)(bipy)|(PFs),
0.5{(C59H,N4)(CH40)}: Suitable crystals of the title complex were
obtained by slow solvent evaporation from a methanol solution of
1. Diffraction data were collected with a Siemens P4 automatic
four-circle diffractometer. A summary of the crystallographic data
and the structure refinement is reported in Table 4. No crystal de-
terioration was evidenced by monitoring of three standard reflec-
tion measurements. The reflection intensities were evaluated by a
learnt-profile procedure??l among 20 shells and then corrected for
Lorentz-polarisation effects. Absorption correction was applied by
fitting a pseudo-ellipsoid to the azimuthal scan data (0—360° range
by a 10° step) of 15 high reflections.”*! Data collection and re-
duction were performed with the SHELXTL?3! package. The dif-
fraction data did not allow us to determine uniquely the crystal
packing symmetry and the structure modellisation was carried out
in all the three possible monoclinic space groups C2, Cm and C2/m.
The refinement in the two acentric space groups was seriously
hampered by several very strong parameter correlations (> 0.9)
while the centrosymmetric one shows incompatibility between the
crystallographic point symmetries and the compound moieties in
special positions. The structure was solved in C2/m by a combi-
nation of standard direct methods??®! and Fourier synthesis, and
refined by minimizing the function Tw(F2 — F2)> with the full-
matrix least-squares technique based on all independent F, with
SHELXL-97.271 All non-hydrogen atoms were refined aniso-
tropically. Hydrogen atoms were included in the model refinement
with the “riding model” method with the X—H bond geometry and
isotropic displacement parameter depending on the parent atom X.
The co-crystallised methanol and uncoordinated quinoxaline mol-
ecules were placed in crystallographic special positions having a
higher symmetry than these molecules. This generates a significant
symmetry disorder. Further, one hexafluorophosphate anion shows
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the usual rotational disorder evidenced by the overlap of two sym-
metric orientations related by the intersecting mirror plane. All at-
tempts to represent the biggest ellipsoids as adjacent atomic partial
occupancies were unsuccessful. The final geometrical calculations
and drawings were carried out with the PARST program® and
the XPW utility of the Siemens package, respectively.
CCDC-237593 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: + 44-1223-336-033; E-mail:
deposit@ccdc.cam.ac.uk].

Table 4. Crystallographic data for 1

Empirical formula {[C30H24N¢Pt][PFg],}
0.5{(CyH6N4)(CH40)}
1125.79

0.32 X 0.25 X 0.19 mm
yellow, irregular
monoclinic

C2/m (no. 12)

a =30431(5) A

b =12.6372) A

Formula mass
Crystal size

Crystal colour, form
Crystal system
Space group

Unit cell dimensions

c=11.9232) A
f = 90.84(1)°
V 4585(1) A3
zZ 4
F(000) 2212
Pcaled 1.631 g/cm?
n 3.219 mm™!
A (graphite-monochromated) 0.71073 A (Mo-K,)
20 range 4.3—54°
No. of data collected (20-®) 5294

No. of data independent (refined)
No. of data observed

5197 (R = 0.0214)
3931 [1 = 26(1)]

No. of variables 344

Completeness to 26 = 50° 0.987%

R111 (observed/refined data)l! 0.0353/0.0782
wR2! (observed/refined data) 0.0544/0.0822
GOF™ (observed/refined data) 0.951/0.951 .
Max. diff. peak and hole 0.752/-0.555 A3
Max. and mean shift/esd 0.007/0.001

[ R = [Z||F| — |FIVZIF|. ™ R, = {Z[w(F,> — FVEw(E)]
1 GOF = {E[W(Fo2 - Fcz)z/(Nobs - Nvar)]}llzv
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