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ABSTRACT: This account reports the synthesis and structural character-
ization of the first cyclometallated platinum(II) complex that coordinates a
potassium cation in a sandwich arrangement via two 15-crown-5 ether rings
within the same molecule. The cooperation of the two small crown ether
moieties allows the entrapment of the non-ideal potassium ion. The reaction of
the parent thiosemicarbazone ligand 3,4-(C8H16O5)C6H3C(Me)�NN−
(H)C(�S)NHMe, 1, containing the crown ether ring, with K2[PtCl4], or
alternatively with PtCl2(DMSO)2, and subsequent treatment with the
diphosphanes Ph2PCH2PPh2 (dppm) and Ph2PC(�CH2)PPh2 (vdpp)
produced the double nuclear platinacycles 3a, 3b, and 4, probably via
formation of the 2a and 2b intermediates. Complex 3a with the K+ cation in a
sandwich coordination was slightly mixed with 3b lacking any K+. Alternatively,
reaction of 1 with K2[PtCl4] or with PtCl2(DMSO)2 followed by the
diphosphane Ph2PC(�CH2)PPh2 (vdpp) only gave the dinuclear phosphane-bridged compound 4; this highlights the importance
of choosing the right diphosphane ligand. Density functional theory calculations (B3LYP-D3/LANL2DZ-ECP-6.311++G**)
revealed similar affinities for both dppm and vdpp derivatives to coordinate potassium cations. Crystal structure analysis was
performed for compounds 3a and 4.

■ INTRODUCTION
Crown ethers are widely known neutral ligands which are quite
adequate for entrapping metal cations. The corresponding
complexes appear mainly in two conformations: a sole crown
ligand surrounding the cation in its equatorial plane, in a crown
style, or via the combination of two crown ligands coordinating
the metal cation from above and below, in a sandwich style. In
the former case, the coordination is size-selective, while in the
latter one, coordination of cations too large to fit in the crown
gap is possible. In both cases, an increase in the solubility in
the desired solvent of the targeted cation is achieved. Crown
ether complexes are usually fairly stable, and crown ethers are
used either alone or as part of more complex structures, with
applications in cation recognition,1−3 in the extraction of
metals,4 for phase-transfer catalysis5 in biomedical applica-
tions,6,7 or luminescent materials8 among others. In particular,
the use of crown ethers for coordinating cations provides the
driving force for the formation of gels,9 to enhance their metal
recognition capability10,11 or for “pre-organizing” in the Diels−
Alder reaction.12 On the other hand, it is well known that
cyclometallated moieties are robust scaffolds usually bench
stable with a variety of applications, with one of the most
frequent being the usage as catalytic precursors.13−16

It was in the beginning of the 21st century when
Bezsoudnova17 reported the first cyclometallated species
bearing a crown ether moiety, and since then, extensive work
in this field has been carried out trying to achieve compounds
with the ether donor in the crown style for the development of
potential sensors.18−21 Then, in 2017, we described the first
cyclometallated palladium(II) complex bearing two crown
ether rings capable of coordinating a potassium cation in a
sandwich style, and after detailed evaluation of the process
confirmed by the single-crystal X-ray structure, we could
conclude that the formation of the sandwich complex was
favored by the possible pseudo π−π interactions of the
cyclometallated moieties.22 For the 15-crown-5 ether, a
sandwiched-type geometry has been suggested for complex-
ation of the potassium cation by two 15-crown-5 ether
moieties;23 references may be found related to this sort of
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arrangement. Then, the crown ether may serve as an
entrapping agent for K+;24 to sustain K+ as the counter-
ion;25−27 and for making bis-sandwiched tetracrown com-
plexes.28

Our next approach was (a) to check on the reproducibility
of the reaction on metallacycles other than those with
palladium(II), for which platinum(II) was the alternative
choice; (b) to elucidate the mechanism of the formation of the
sandwich structure, by means of density functional theory
(DFT) calculations; (c) to study the influence of the bridging
ligand linking the two cyclometallated moieties, for which two
short-bite diphosphanes, dppm and vdpp, were considered.
Herein, we report the results of these considerations with the
preparation of the first cyclometallated platinum(II) complex
that coordinates a potassium cation in a sandwich arrangement
via two 15-crown-5 ether rings within the same molecule, fully
corroborated by the crystal structure analysis for the
platinacycle compound 3a, as well as by the corresponding
theoretical calculations.

■ RESULTS AND DISCUSSION
It is well known that the cyclometallation of thiosemicarba-
zones gives rise to the formation of tetranuclear com-
plexes,16,22,29−34 where the core of the structure consists of
an eight-membered ring of alternating metal and sulfur atoms.
In the case of thiosemicarbazone ligands with crown ether
rings, one might assume that the crown rings should be able to
adopt an arrangement capable of entrapping metal cations of
the appropriate size. However, although the metallated rings
are nearly parallel, they point out in quite opposite
directions35,36 and as a consequence of this structural
disposition, the crown ether substituents on these rings are
also oriented in different directions, far from the needed
sandwich mode. Thus, hindering the possibility of enclosing
metal cations, the rigidity of the molecule imposed by the

central Pd4S4 ring impedes any approximation of the oxygen
donors.37 With this in mind, we considered it a challenging
quest to study the coordination ability of these systems in the
case of platinum(II) focusing on the dinuclear derivatives, as
well as on the preference for the proper short-bite diphosphane
ligand to bring the ether rings close together. Thus, reaction of
a suspension of K2[PtCl4] in ethanol with the ligand 1, 3,4-
(C8H16O5)C6H3C(Me)�N−N(H)C(�S)NHMe, via i, gave
a highly insoluble brown solid 2a. In a similar manner,
treatment of ligand 1 with PtCl2(DMSO)2, via ii, avoiding the
presence of the potassium cation gave, after work-up, an
orange solid 2b. The compounds were too insoluble for NMR
determination and were immediately used without further
purification. Nevertheless, the IR spectra for both showed
absence of the υ(N−H)hydrazinic stretch consistent with
NHhydrazinic deprotonation. Thus, the mentioned solids were
reacted with bis(diphenylphosphino)methane (dppm) and 1,1-
bis(diphenylphosphino)ethylene (vdpp) to give 3a, 3b, and 4,
as appropriate (see the Experimental Section). In previous
work,22 we showed that the phosphine (PCP) angle in the
bimetallic Pd/K compound was 116°, a value intermediate
between the PCP angle for dppm and vdpp, of 109.5 and 120°,
respectively. We anticipated that the greater flexibility of the
PC(sp3)P angle in dppm as opposed to the more rigid
PC(sp2)P angle in vdpp may hinder the appropriate arrange-
ment of the ether rings needed for entrapping the potassium
cation in the latter case. To shed further light on this issue, we
treated 2a and 2b, independently, with the mentioned
phosphanes. The reaction of the product labeled as 2a with
dppm (Scheme 1, via i) gave a mixture of 3a and 3b. The
31P{1H} NMR spectrum showed two singlets at 10.20 ppm and
at 30.91 ppm that were assigned to the open disposition, 3b,
and the sandwiched, 3a, species, respectively, in ca. 15:85 ratio;
attempts to fully separate both compounds were unsuccessful,
however, as crystals of the new sought for complex could be

Scheme 1. (i) K2[PtCl4] in EtOH/H2O and (ii) [Pt(DMSO)2Cl2], MeOH
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obtained, no further work was done regarding this issue. On
the other hand, the reaction of the product labeled 2b (lacking
K+ in the starting platinum salt) with dppm (Scheme 1, via ii)
gave only 3b, as confirmed by the 31P{1H} NMR spectrum that
showed only a singlet resonance at 10.20 ppm; this reactivity
trend parallels that for the palladium analogues;22 the 1H and
13C{1H} NMR data are quite in agreement with this
arrangement. However, treatment of 1 with PtCl2(DMSO)2
and subsequently with vdpp gave, after work up, red solids for
which the 31P{1H} NMR spectra were identical in all cases,
displaying a singlet resonance at 33.64 ppm, leading us to
conclude that the outcome of the reaction was the extended
structure, 4, regardless of the starting platinacycle. The 1H
NMR spectra showed absence of the H6 resonance after
metalation of the phenyl ring, as well as shift of the H5, H2,
Ha, and Hb resonances to higher field due to the shielding
effect of the diphosphane phenyl rings. Additionally, the H5
signal showed satellites from coupling to the platinum nucleus,
3J(HPt) 51.6 Hz.
Crystal Structure of Compound 3a. Single crystals of

compound 3a were obtained from an acetone solution of the
3a/3b mixture in acetone. The presence of twins was
successfully complete. In a similar manner to the sandwiched
structured with palladium,22 compound 3a crystalizes in the
triclinic system, space group P1̅. The asymmetric unit contains
two molecules of the compound (3a and 3a′) which differ in
the arrangement of the substituents on the NHMe group of the
ligand (Figure 1). In addition, this asymmetric unit contains
two chloride anions as counterions and 10 molecules of
disordered solvent. Finally, the unit cell is formed by two
asymmetric units between which no interaction is observed
(Figure S3, Supporting Information).
The platinum atom is in a square-planar coordination

environment with deviation from the mean plane between
0.010 and 0.068 Å and with rms close to zero in all cases. The
bond distances and bond angles are within the expected values
for compounds previously reported.38 Except for the longer
than expected Pt(1)−N(1), Pt(2)−N(4), Pt(3)−N(7), and
Pt(4)−N(10) bond distances due to the trans influence of the
phosphane ligand. The PCP angles are 116.26° (3a) and
117.58° (3a′), and the sum of angles at platinum is 360° in all
cases, with the angles involving the phosphorus atom wider by

ca. 10°, than those pertaining to the metallacycle and to the
coordination rings. Moreover, the N(2)C(9)S(1) (3a) angle of
the thiosemicarbazone is 129.01°, which is to the best of our
knowledge and after checking the Cambridge Data Base, the
largest value found for similar structures over the CCDC. The
metallacycle units are present at angle ca. 1.52 and 4.29°, for 3a
and 3a′, respectively, and the planes containing the crown
ether oxygen atoms at angles of ca. 5.36 and 5.61°, for 3a and
3a′ also, respectively, putting forward the nearly parallel
arrangement of both cyclometallated moieties; even more so
than that in the previously reported structure.22 The distances
between the centroids of the rings at platinum, phenyl,
metallacycle, and coordination rings gave values between 3.47
and 3.71 Å (see the Supporting Information), and the angles
between centroids and the normal to the plane of the rings
gave values ca. 17.12−26.70°. These data are in agreement
with the presence of slipping π−π stacking interactions that
contribute to increasing the stability of the molecule.39

Crystal Structure of 4. Suitable crystals were grown from
a chloroform solution of 4, although twined resolution
proceeded smoothly (Figure 2). The compound crystallizes
in the monoclinic system, space group P2/c. The asymmetric
unit consists of one-half molecule, that is, the structure is
crystallographically centrosymmetric with the inversion center
situated at the C(31) atom between the two phosphorus
atoms. The platinum atom is in a slightly distorted square-
planar coordination environment bonded to four different
atoms (C, N, S, and P), with deviation of the platinum atom
ca. 0.163 Å from the mean coordination plane. All bond
lengths and angles are within the expected values, with
allowance for lengthening of the Pd(1)−N(1) bond, 2.053(2)
Å, due to the trans influence of the phosphane ligand. The
PCP angle is somewhat greater than that expected for a C(sp2)
carbon, 123.49° versus 120°, probably due to crystal packing.
In this case, the difference between the angles involving the
phosphorus atom and those inside the rings at platinum is not
as pronounced as in the case of compound 3a. Although the
ancillary ligand is not the same, we presume that this difference
in the angles involving the phosphorus atom is due to the
lower stiffness of the open bridge structure compared to the
sandwich structure. After examining the packing, it is possible
to appreciate the dispositions of the crown ether moieties from

Figure 1. Thermal ellipsoid plot of 3 shown at the 30% probability level. Hydrogen atoms and minor disorder components have been omitted for
clarity. Selected bond lengths (Å): Pt(1)−N(1) 2.008(14); Pt(1)−C(6) 2.030(14); Pt(1)−P(1) 2.235(4); Pt(1)−S(1) 2.333(4); Pt(2)−N(4)
1.952(14); Pt(2)−C(20) 2.041(14); Pt(2)−P(2) 2.221(5); Pt(2)−S(2) 2.348(4); Pt(3)−N(7) 2.010(10); Pt(3)−C(63) 2.036(15); Pt(3)−P(3)
2.231(3); Pt(3)−S(3) 2.363(4); Pt(4)−N(10) 2.021(11); Pt(4)−C(81) 2.049(16); Pt(4)−P(4) 2.224(4); Pt(4)−S(4) 2.336(5).
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different molecules facing each other displaying hydrogen
bonds that probably stabilize the open conformation and
oppose cation encapsulation (Figure S6, Supporting Informa-
tion). Finally, it is worth mentioning that the cyclometallated
part is arranged on opposite sides, which is the common
disposition in this kind of structures.
DFT Calculations. To clarify the mechanism of potassium

encapsulation, we sought to perform DFT calculations using
Gaussian software,40 on the assumption that encapsulation
may be favored by dppm as it is more flexible than vdpp. The
first approach was to study the influence of the phosphane in
the stabilization of the closed or the open conformations for
which five possible scenarios were evaluated using the
crystallographic structures as starting points (Figure 4).
Thus, the formation of a sandwich-type structure either both
in the presence (labelled AK) or absence (A) of cations, the
open structure with (BK) and without (B) cation coordination,
and finally, the extended structure with one K+ in each of the
crown ether rings (BKK) were proposed (see the Supporting
Information). This study separately deals with the two main
effects that can stabilize the structures found, namely, the
intramolecular interactions between the cyclometallated
moieties and the influence of the coordination to the
potassium cation. The structures were optimized using
B3LYP41-D342 at the LANL2DZ43-ECP-6.31G(d)44 level.
Hessian calculations were performed to confirm the stationary
points. Single-point calculations were performed for the
optimized structures at the LANL2DZ-ECP-6.311++G**.
The effect of the solvent was considered using the SMD45

model with acetone as the solvent.
The thermodynamic cycle (Figure 3) used to link the free

energy in solution and gas phase considers the free energies of
solvation of the different components of the mixture, whereas
the free energy of the complexation process or the conforma-
tional changes considers the difference in the free energy of
each component (Table 1).

The results show that the preferred conformer in the
absence of cations is the sandwich arrangement, that is,
structure A is more stable than B (Figure 4), both for the
dppm complex, 5.90 and 7.15 Kcal/mol, ΔGsol and ΔGgas,
respectively, as well as for the vdpp one, 7.57 and 9.86 Kcal/
mol, ΔGsol and ΔGgas, also respectively (Table 1, entry 3). The
coordination of the potassium ion in a sandwich fashion
induces a stabilization in solution and in the gas phase in both
cases, A → AK and B → AK, and the magnitude of this
stabilization is fairly the same (Table 1, entries 1 and 2). It is
worth mentioning here that this potassium encapsulation is so
favorable that it also drives the closing of the open structure,
BK → AK (Table 1, entry 4, values of ΔGdis of −35.93 and
−28.65 Kcal/mol for dppm and vdpp, respectively). The
crystal obtained in the elongated conformation may be due to
a stabilization caused by the intermolecular interactions with
neighboring molecules, as suggested once simulated the
packaging in the structure of 4 (Figure S6, Supporting
Information).
Coordination of a single cation to the open disposition (BK)

gives a variation of the free energy that is roughly half the
variation of the formation of the sandwich coordination, and
the addition of a second cation (BKK) does not stabilize the
structure further than the sandwich situation. Using the values
found for the complexation, the stability constants can be
calculated (Table 2), showing lower values for the vdpp
compound.
The calculated theoretical data could not be compared with

the experimental data; however, the present framework has
been used in the past to study similar compounds, and the
discrepancies found for the gas phase and solution energies
have been previously explained.46,47 A source of error that
could be of interest is the solution energy of the potassium
cation in acetone, but to the best of our knowledge, this value
has not been found due to the poor solubility of potassium
salts in this solvent. Thus, the DFT calculations show that both
compounds should be able to coordinate potassium cations,
provided the latter can be present in the acetone solution; the
dppm one showing a greater stability constant.
To shed further light on this issue, a simple experiment was

carried out, based on the difference in 31P NMR {1H}
resonances for the sandwich and open structures for the dppm
compounds, in the hope that it could be extrapolated to the
vdpp case as proof of potassium coordination. Accordingly, a

Figure 2. Thermal ellipsoid plot of 4 shown at the 30% probability.
Hydrogen atoms and minor disorder components have been omitted
for clarity. Selected bond lengths (Å) and angles (°): Pt(1)−N(1)
2.016(10); Pt(1)−C(2) 2.053(13); Pt(1)−P(1) 2.230(3); Pt(1)−
S(1) 2.344(4); N(1)−Pt(1)−C(6) 79.2(5); N(1)−Pt(1)−P(1)
176.8(3); C(6)−Pt(1)−P(1) 97.6(4); N(1)−Pt(1)−S(1) 84.2(3);
C(6)−Pt(1)−S(1) 163.1(4); P(1)−Pt(1)−S(1) 98.81(12); C(31)−
P(1)−Pt(1) 113.33(18); C(9)−S(1)−Pt(1) 93.0(5); C(7)−N(1)−
Pt(1) 118.2(9); N(2)−N(1)−Pt(1) 122.1(8).

Figure 3. Schematic representation of the thermodynamic cycle used
for the DFT calculations; free potassium ions are omitted for clarity.
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small amount of the compound bearing the bridging vdpp
phosphane was dissolved in a saturated solution of potassium
nitrate in acetonitrile and the solution subjected to sonication
action for 1 h, left to stand for a further 4 h, and then, the
solvent was removed. The resulting orange-red residue was
redissolved in deuterated acetone, and the ensuing 31P NMR
{1H} spectrum showed a shift to higher field of the phosphorus
resonance, ca. 6 ppm, with respect to the spectrum of the
parent compound 4. In the absence of appropriate crystal
structural analysis, we believe that this may be indicative of an
incipient coordination of the potassium cation which could

lead to a sandwich solution. Further experiments are currently
underway in order to clarify this process.

■ EXPERIMENTAL SECTION
X-ray Structure Determination. Crystallographic data of

the structures described in this work were collected on a
Bruker Kappa Apex II diffractometer (Mo Kα radiation, λ =
0.71073 Å) equipped with a graphite monochromator by the
method of the ω and φ scans at 293 K, integrated and
corrected for absorption and solved and refined using routine
techniques. All non-hydrogen atoms were refined anisotropi-
cally; hydrogen atoms were included in calculated positions
and refined in the riding mode.
General Procedures. Solvents were used without previous

purification. Chemicals were of reagent grade. The diphos-
phanes Ph2PCH2PPh2 (dppm) and PH2PC(�CH2)PPh2
(vdpp) were purchased from Sigma-Aldrich. Elemental

Table 1. Calculated ΔG (Kcal/mol) for the Different Transformations between the Assumed Structures at 298 K

dppm ΔGdis ΔGgas vdpp ΔGdis ΔGgas

A → AK −60.40 −96.97 A → AK −53.62 −85.72
B → AK −66.30 −104.12 B → AK −61.19 −95.58
A → B 5.90 7.15 A → B 7.57 9.86
BK → AK −35.93 −46.44 BK → AK −28.65 −38.77
AK → BKK 6.97 8.40 AK → BKK 0.43 0.33
BK → BKK −28.96 −38.04 BK → BKK −28.22 −38.43
B → BKK −59.33 −95.72 B → BKK −60.76 −95.25

Figure 4. Relative energies of the different situations, taking into account the free cations as needed. The main differences can be observed in the
sandwich form, where the dppm compound (blue) shows a lower energy, and in the open structure, where the vdpp (orange) shows a higher
energy.

Table 2. Calculated Stability Constants for of the
Complexes with a K+ Coordinated in the Sandwich Mode

dppm log Kdis log Kgas vdpp log Kdis log Kgas

A → AK 44.27 71.08 A → AK 39.31 62.84
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analyses were carried out on a thermo Finnigan, model flash
1112. Ir spectra were recorded with a Jasco FT/IR-4600
spectrometer equipped with an ATR, model ATR-PRO ONE.
1H NMR spectra in solution were recorded in CDCl3 or
acetone-d6 at room temperature on an Varian Inova 400
spectrometer. 13C NMR {1H} spectra were recorded at 100
MHz on a Bruker AMX 400 spectrometer. 31P NMR {1H}
spectra were recorded at 162 MHz on a Bruker AMX 400
spectrometer. All chemical shifts are reported downfield from
standards, TMS using the solvent signal (CDCl3, δ 1H = 7.26
ppm and acetone-d6 δ1H = 2.09) as reference and for 31P
relative to external H3PO4 (85%). All the NMR experiments
were carried out using 5 mm o.d. tubes. The ESI mass spectra
were recorded using a QSTAR Elite mass spectrometer, using
acetonitrile or dichloromethane/ethanol as solvents. Potassium
was determined by flame atomic emission spectrometry
(PerkinElmer 3110 spectrometer) using the 766.5 nm
emission wavelength (slit of 0.4 nm). The samples were
digested with HNO3/H2O2; the potassium standards were
purchased from Scharlau. 4′-acetylbenzo-15-crown-5-ether
thiosemicarbazone (1) has been synthetized following the
literature.22

Synthesis of [K−[Pt{3,4-(C8H16O5)C6H3C(Me)�NN�C(S)-
NHMe}]2dppm]Cl 3a Via i. Ethanol (20 cm3) was added to a
stirred solution of potassium tetrachloroplatinate (37.3 mg,
0.09 mmol) in water (3 cm3). The solution was treated with
3,4-(C8H16O5)C6H3C(Me)�NN(H)C(�S)NHMe, 1 (40.0
mg, 0.10 mmol) and stirred for 24 h at 30 °C. The brown
precipitate (2a) was filtered off, washed with water, dried, and
added in acetone (10 cm3). To the resulting suspension, the
diphosphane dppm (319.34 mg, 0.101 mmol) was added
(based on 1), and the mixture was stirred for 24 h at 50 °C.
Then, the solvent was removed under vacuum, and the product
was recrystallized from dichloromethane/n-hexane. Yield 45.6
mg, 65% (based on 1). (assuming 85:15 3a/3b ratio, see the
text). 1H NMR (400 MHz, acetone-d6): 7.98 (m, 4H, m-Ph),
7.70 (m, 6H, p-Ph, o-Ph), 6.75 (s, 1H, H2), 5.91 (s, 1H, H5),
4.04 (m, 2H, Ha′), 3.79 (m, 2H, Hb′), 3.62 (m, 8H, Hc), 3.50
(m, 2H, Hb), 3.20 (m, 2H, Hb), 3.17 (d, 3H, NHMe,
3J(NHMe) = 4.5 Hz), 3.04 (m, 2H, PCH2P), 2.83 (s, 3H,
MeC�N). 31P{1H} NMR (162 MHz, acetone-d6): δ 30.91 (s,
1P, dppm). IR cm−1: 3325 Υ(N−H), 1517 υ(C�N). Anal.
Found: C, 44.5; H, 4.3; N, 5.0; S, 3.9; K, 2.3%
C61H72ClKN6O10P2Pt2S2 (1640.06 g/mol) requires C, 44.7;
H, 4.4; N, 5.1; S, 3.9; K, 2.4%. 3b 31P NMR {1H} (162 MHz,
acetone-d6): δ 10.20 (s, 2P, dppm).
Synthesis of [Pt{3,4-(C8H16O5)C6H3C(Me)�NN�C(S)-

NHMe}]2dppm] 3b via ii. 3,4-(C8H16O5)C6H3C(Me)�NN-
(H)C(�S)−NHMe, 1 (51.5 mg, 0.13 mmol) was added to a
solution of PtCl2(DMSO)2 (49.7 mg, 0.11 mmol) in methanol
(20 cm3). The resulting mixture was stirred for 1 h under
reflux. Then, the reaction was cooled to 30 °C, and NaAcO
(11.1 mg, 0.13 mmol) was added. The mixture was stirred for
further 24 h at 30 °C, after which the solvent was removed, the
residue (2b) was washed with water, dried, and added in
acetone (10 cm3). To the resulting suspension, the
diphosphane dppm (38.68 mg, 0.101 mmol) was added
(based on 1), and the mixture was stirred for 24 h at 50 °C.
Then, the solvent was removed under vacuum, and the product
was recrystallized from dichloromethane/n-hexane. Yield 74.04
mg, 73% (based on 1). 1H NMR (400 MHz, acetone-d6): 7.85
(m, 4H, m-Ph), 7.71 (m, 6H, p-Ph, o-Ph), 6.71 (s, 1H, H2),
5.86 (d, 1H, H5), 4.09 (m, 2H, Ha′), 3.67 (m, 2H, Hb′), 3.55

(m, 8H, Hc), 3.43 (m, 2H, Hb), 3.15 (m, 2H, Hb), 3.17 (d,
3H, NHMe, 3J(NHMe) = 4.3 Hz, 3.1 (m, 2H, PCH2P), 2.80
(s, 3H, MeC�N). 13C{1H} NMR (100 MHz, acetone-d6):
158.4 (C�S), 159.5 (C�N), 143.7 (C1), 142.6 (C2), 117.2
(C3), 149.1 (C4), 149.5 (C5), 115 (C6), 71−68 (CH2), 34.7
(PCH2P) 29.1 (NHMe), 15.8 (Me), 14.93. 31P{1H} NMR
(162 MHz, acetone-d6): δ 10.20 (s, 2P, dppm). IR cm−1: 3321
υ(N−H), 1520 υ(C�N). Anal. Found: C, 46.5; H, 4.4; N,
5.2; S, 4.0% C61H72N6O10P2Pt2S2 (1565.6 g/mol) requires C,
46.8; H, 4.6; N, 5.4; S, 4.1%. ESI−MS m/z: = 1564
[{LH)Pt}2(dppm)]+.
Synthesis of [[Pt{3,4-(C8H16O5)C6H3C(Me)�NN�C(S)-

NHMe}]2vdpp] 4. Compound 4 was prepared in a similar
fashion from 3,4-(C8H16O5)C6H3C(Me)�NN−(H)C(�
S)NHMe, 1 (40 mg, 0.10 mmol) and PtCl2(DMSO)2 (46.45
mg, 0.11 mmol). Yield 43.0 mg, 54% (based on 1). 1H NMR
(400 MHz, acetone-d6): δ 7.86 (m, 4H, m-Ph), 7.60 (m, 2H, p-
Ph), 7.38 (m, 4H, o-Ph), 6.62 (d, 1H, H2), 6.21 (m, 1H, C�
CH2), 5.66 (d, 1H, H5, 4J(H2P) = 2.0 Hz), 4.02 (m, 2H, Ha′),
3.81 (m, 2H, Hb′), 3.66 (m, 8H, Hc), 3.58 (m, 2H, Hb), 3.42
(m, 2H, Ha), 3.13 (d, 3H, NHMe, 3J(NHMe) = 4.8 Hz), 2.61
(d, 3H, MeC�N). 13C{1H} NMR (100 MHz, acetone-d6):
159.7 (C�S), 158.5 (C�N), 144.1 (C1), 142.0 (C2), 116.9
(C3), 149.2 (C4), 149.8 (C5), 128.1 (PC(�CH2)P), 116
(C6), 110.3 (PC(�CH2)P), 70−68 (CH2), 29.1 (NHMe),
15.8 (Me), 14.93. 31P{1H} NMR (162 MHz, acetone-d6): δ
33.64 (s, 2P, vdpp). IR cm−1: 2866 υ(N−H), 1517 υ(C�N).
Anal. Found: C, 47.2; H, 4.6; N, 5.2; S, 4.1%;
C62H73N6O10P2Pt2S2 (1578.53 g/mol) requires C, 47.2; H,
4.7; N, 5.3; S, 4.1%. ESI−MS m/z: = 1577 [{(LH)-
Pt}2(vdpp)]+.

■ CONCLUSIONS
In conclusion, we have expanded the chemistry related to the
synthesis of dinuclear phosphane-bridged thiosemicarbazone
metallacycles containing 15-crown-5 ether rings capable of
coordinating the K+ cation in a sandwich mode between the
two ether rings, extending its reproducibility to other metals, in
particular platinum. In addition, experiments with the
diphosphanes dppm and vdpp have been carried out to
evaluate the effect of the ancillary ligand in the formation of
the desired structure. It seems likely that the lower rigidity of
dppm as opposed to vdpp allows for the formation of the
sandwich potassium species with potassium in the former case.
To better understand this process, DFT calculations were
performed. From a thermodynamical point of view, com-
pounds with both diphosphanes should present affinity toward
the cation and coordinate it effectively, although the situation
is somewhat more favorable for those with dppm; suggesting
that choice of the diphosphane could influence the outcome.
Also, the presence of potassium or of other cations in the
media prior to the formation of the cyclometallated
compounds must be avoided in order to obtain the open
structures needed for further reaction as these cations will
trigger the formation of sandwich coordinated species. Further
studies concerning these issues are currently underway.
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