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Rhenium Complexes

Reactions of Schiff Base-Substituted Diselenides and -tellurides
with Ni(II), Pd(II) and Pt(II) Phosphine Complexes
Maximilian Roca Jungfer,[a] Ernesto Schulz Lang,[b] and Ulrich Abram*[a]

Abstract: The salicylidene Schiff bases of bis(2-aminophen-
yl)diselenide and -ditelluride react with [MIICl2(PPh3)2] (M = Ni,
Pt) or [PdII(OAc)2(PPh3)2] with formation of square-planar com-
plexes with the general formulae [MII(LY)(PPh3)] (M = Ni, Pd, Pt,
Y = Se, Te). The ligands coordinate to the metals as tridentate
{O,N,Se/Te} chelates. The reduction of the dichalcogenides and
the formation of the chalcogenolato ligands occurs in situ by
released PPh3 ligands. A mechanism for such reactions has been

Introduction

The interest in the chemistry of the nickel, palladium and plati-
num triad is fueled by the manifold of catalytic properties of
their complexes and their biological activities. Many easily ac-
cessible chelating ligand systems were exhaustively investi-
gated in this regard. Until today, tri- and tetradentate Schiff
bases are common ligands for nickel, palladium and platinum,
as they yield stable, flexible and easily tunable complexes due
to the modularity of the Schiff base preparation.[1–15] Hundreds
of such compounds have been characterized crystallographi-
cally.[16] The introduction of additional chalcogen donor atoms
in the form of arylchalcogenolato units is a common motif to
modulate the properties of the resulting complexes.[1,4–15] How-
ever, only a few of such complexes with aryltellurolato ligands
have been structurally characterized up to now.[16] More com-
plexes are known with arylselenolato ligands, albeit mainly de-
rived from simple diphenyldiselenide and still with very limited
accessibility compared to their sulfur and oxygen analogs. The
synthesis of the arylselenolato and -tellurolato ligands is com-
monly complicated in contrast to the corresponding phenolato
and thiophenolato ligands because the respective selenols and
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derived from the experimental data with the aid of DFT calcula-
tions. It suggests a higher polarization of the dichalcogenide
bond with partial charge separation upon coordination to a
metal centre, which therefore facilitates the cleavage of the di-
chalcogenide bond with PPh3. In accordance with the proposed
mechanism, best yields are obtained with a strict exclusion of
oxygen, but in the presence of water.

tellurols are unstable. They are commonly prepared by the re-
duction of the corresponding diorganodichalcogenides directly
before the complex formation. The reaction conditions of such
procedures must be controlled carefully in order to avoid the
parallel reduction of the transition metal ions.[17,18] Occasion-
ally, nickel, palladium and platinum complexes with organo-
chalcogenolato ligands have been prepared from the dichalco-
genides via an oxidative addition to a low-valent metal spe-
cies.[19–23] In the case of palladium, organochalcogenolato com-
plexes are also accessible via an oxidative addition to PdII with
formation of PdIV species. But often complex mixtures and
mainly polynuclear complexes are obtained following such pro-
cedures.[24–29] Overall, the methods for the preparation of com-
plexes with heavier chalcogenolates as ligands remain limited.

Recently, we reported an alternative method for the prepara-
tion of rhenium selenolato and tellurolato complexes with the
metal in the high formal oxidation state “+5”. The reduction
of the salicylidene Schiff bases of bis(2-aminophenyl)diselenide
and –telluride was performed in situ by released PPh3 ligands
from the oxido- and arylimidorhenium(V) starting materi-
als.[30,31] This methods represents a considerable progress over
the hitherto occasionally use of metal(0) species.[32]

In the present work, we demonstrate that the method used
for high-valent rhenium complexes can be extended to the
metals nickel, palladium and platinum. Thereto, we performed
reactions of [MIICl2(PPh3)2] (M = Ni, Pt) and [PdII(OAc)2(PPh3)2]
with the Schiff bases prepared from salicylaldehyde and bis-
(2-aminophenyl)diselenide ({HLSe}2) and -ditelluride ({HLTe}2).
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Results and Discussion
Reactions of the two dichalcogenide Schiff bases with
[NiCl2(PPh3)2], [PtCl2(PPh3)2] or [Pd(OAc)2(PPh3)2] show that they
are reduced and form tridentate selenolato and tellurolato li-
gands. A summary of the performed reactions and obtained
products is shown in Scheme 1. The red-orange or red-brown
complexes are stable as solids and in solution. Even their solu-
tions can be heated in the air without considerable decomposi-
tion. At room temperature, no decomposition or dichalcogen-
ide formation is noticeable even after several days in non-
degassed, wet solutions of chlorinated solvents. This is in
contrast to the instability of rhenium(V) complexes with the
same ligands we reported earlier.[30] Similarly to the reported
rhenium complexes, the 77Se signals of the selenolato ligands
appear between 197 and 326 ppm and the corresponding 125Te
resonances are found between 300 and 477 ppm. The shielding
of the chalcogen atoms decreases in the order Pd > Ni > Pt,
which has been observed in Schiff base selenolato complexes
before.[23] Unfortunately, we could not correlate this shielding
trend in the chalcogen chemical shift with any common ration-
ale such as the electronegativity of the involved elements or
the solid state geometry of the complexes. The selenium-phos-
phorus coupling constants are in the range of 21 to 77 Hz. This
is within the range of couplings, which have previously been
observed for mixed selenolato/phosphine complexes of plati-
num.[33,34] The 125Te NMR spectra of the analogous tellurolato
complexes show doublets with 2JTe,P couplings of 58–194 Hz,
which is also in accordance with the situation in previously re-
ported Pt(II) compounds.[33] Unexpectedly, the chalcogen-phos-
phorus couplings in the nickel complexes are between 77 Hz
and 194 Hz, which is four times larger than those of the plati-
num and palladium complexes. When observed, the 77Se and
125Te couplings in the respective 31P NMR spectra confirm the
coupling constants in the 77Se and 125Te spectra. A key feature
in the proton NMR spectra of Schiff base complexes is the reso-
nance of their unique aldiminic proton. It is well-separated from
the remaining aromatic resonances. As we reported for the rhe-
nium complexes of these ligands, the aldiminic protons in the
selenolato complexes are more deshielded compared to those
in the tellurolato complexes. The chemical shift of the sulfur
analogous nickel complex [NiII(LS)(PPh3)][12] follows the same
trend: the aldiminic proton of this compound is more de-
shielded than that of the selenolato complex [NiII(LSe)(PPh3)].

Scheme 1. Performed reactions and their products.
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Additionally, the aldiminic protons are more deshielded
along the series nickel-palladium-platinum. In complexes with
aldiminic and phosphine ligands, the aldiminic protons often
couple to the 31P nuclei. This is also the case in the complexes
of the present study with coupling constants in the range of 9–
15 Hz. This allows an in situ monitoring of the complex forma-
tion. The coupling constants of the selenolato complexes are
larger than those of the tellurolato complexes. The platinum
NMR resonances of the platinum complexes are observed
around –3700 ppm with a 1JPt,P coupling of ca. 3700 Hz. The
1JPt,P coupling constants are in the expected range for a phos-
phine in trans-position to a stronger σ-donor with weaker π-
accepting abilities.[35] The resonance of [PtII(LSe)(PPh3)] is more
shielded than that of [PtII(LTe)(PPh3)] and shows a larger cou-
pling to the phosphorus.

Single crystal structure determinations show that the six
metal complexes of this study have the same general structure
with square-planar coordination spheres of the metal ions
bound to tridentate chalcogenolato ligands. The molecular
structures of [Ni(LTe)(PPh3)], [Pd(LTe)(PPh3)] and [Pt(LSe)(PPh3)]
are shown in Figure 1 as representatives for the complexes with
the selenium- and tellurium-containing ligands. Since the gen-
eral bonding features of the other complexes are similar, their
structures are not shown here. They can be found in the Sup-
porting Information. Selected bond lengths and angles of all
complexes and the corresponding dichalcogenides[30] are com-
pared in Table 1.

Main distortions of the square-planar coordination environ-
ments of the transition metal ions come from the restrictions
caused by the size of the chalcogen atoms, the size of the metal
ions and the rigidity of the C17–N1 bonds. The two trans-
spanning angles N1–M1–P1 and O1–M1–Se1/Te1 range from
174.8° to 176.5° and from 172.2° to 179.5° respectively. The
N1–M1–Se1/Te1 angles are between 86.8° and 91.0°, while the
N1–M1–O1 angles are between 93.3° and 96.8°. The cis Se1/
Te1–M1–P1 angles are between 91.2° and 96.6°.

In general, the bonding features of the selenium- and tellu-
rium-containing complexes are very similar to the correspond-
ing compounds with the analogous sulfur-containing ligand
{LS}2–, while the respective complexes with a second phenolato
unit, {LO}2–, behave differently.[7,9,10,12,15]

The structurally similar complexes of the ligands LS, LSe and
LTe all crystallize in two similar triclinic unit cells. The packing
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Figure 1. Molecular structures of a) [Ni(LTe)(PPh3)], b) [Pd(LTe)(PPh3)] and c) [Pt(LSe)(PPh3)]. Ellipsoids are depicted at 50 % probability. Hydrogen atoms are
omitted for clarity.

Table 1. Selected bond lengths [Å] and angles (°) in the dichalcogenides {HLY}2
[30] and their nickel, palladium and platinum complexes [M(LY)(PPh3)] (Y = Se, Te).

{HLSe}2 [Ni(LSe)(PPh3)] [Pd(LSe)(PPh3)] [Pt(LSe)(PPh3)] {HLTe}2 [Ni(LTe)(PPh3)] [Pd(LTe)(PPh3)] [Pt(LTe)(PPh3)]

Y1–C1 1.929(2)/1.933(2) 1.900(1) 1.904(3) 1.896(4) 2.127(2) 2.096(3) 2.099(3) 2.11(1)
O1–C11 1.356(2)/1.349(2) 1.303(2) 1.288(3) 1.314(4) 1.356(3) 1.304(4) 1.292(3) 1.31(1)
N1–C6 1.415(2)/1.415(2) 1.438(2) 1.433(3) 1.435(4) 1.415(3) 1.448(4) 1.440(3) 1.40(2)
N1–C17 1.287(2)/1.283(2) 1.310(2) 1.292(3) 1.303(5) 1.287(3) 1.312(4) 1.289(3) 1.28(2)
M1–N1 – 1.915(1) 2.056(2) 2.061(3) – 1.865(2) 2.041(2) 2.022(8)
M1–O1 – 1.856(1) 2.031(2) 2.031(2) – 1.933(3) 2.073(2) 2.07(1)
M1–P1 – 2.1900(4) 2.2636(6) 2.2464(9) – 2.1874(9) 2.2588(6) 2.238(3)
M1–Y1 – 2.2440(3) 2.3402(3) 2.3526(4) – 2.4050(5) 2.4825(2) 2.502(1)
O1–M1–N1 – 96.46(5) 93.35(7) 93.3(1) – 96.8(1) 93.29(8) 94.2(4)
O1–M1–P1 – 80.75(3) 84.13(5) 83.34(7) – 81.01(8) 84.50(5) 81.9(3)
O1–M1–Y1 – 172.88(3) 179.14(7) 179.48(9) – 172.18(7) 178.85(5) 177.7(2)
N1–M1–P1 – 174.79(4) 176.49(6) 175.71(9) – 175.01(9) 176.22(6) 174.8(4)
N1–M1–Y1 – 90.63(4) 87.20(5) 86.75(8) – 91.02(8) 87.82(6) 88.1(3)
Y1–M1–P1 – 92.14(1) 95.35(2) 96.63(2) – 91.18(3) 94.40(2) 95.85(9)
C1–Y1–M1 – 94.35(4) 95.09(8) 95.3(1) – 89.48(9) 90.66(8) 89.9(4)

of the [Ni(LSe)(PPh3)], [Ni(LTe)(PPh3)] and [Pt(LTe)(PPh3)] in their
unit cells is more compact than that of the other complexes.
For most of the structural parameters, a linear dependence with
the size of the chalcogen or the size of the metal is observed
along the series [M(LS)(PPh3)] – [M(LSe)(PPh3)] – [M(LTe)(PPh3)].
The Pd1–Te1 and Pt1–Te1 bonds of 2.4825(2) and 2.502(1) Å are
similar to the shortest bond lengths reported in previous
studies of palladium[21,25–29,34,36–38] and platinum[39–52] phenyl-
tellurolato complexes. Remarkably and probably as a result of
the strain in the five-membered Te1–Ni1–N1 chelate ring, the
Ni1–Te1 bond length in [Ni(LTe)(PPh3)] is only 2.4050(5) Å. Com-
pared to the nickel-tellurium bond lengths in the five to date
structurally characterized aryltellurolato complexes of nickel,
which vary between 2.45 and 2.51 Å, this is surprisingly short.
The Ni–Te bonds in [Ni(TePh)Cp(PPh3)],[53] Ni(TeMes)Cp(PEt3),[54]

[W(CO)5-μ-(TePh)NiCp(PPh3)][55] and [W(CO)4-μ-{(TePh)NiCp-
(PPh3)}2][55] are relatively long with 2.48 to 2.51 Å, while the
shortest known Ni-aryltellurolato bond length reported to date
was found in [Ni(NH-C6H4-Te)2][56] with 2.4441(6) Å. Of all ca. 40
structurally characterized compounds with a Ni–Te bond,
[Ni(NH-C6H4-Te)2] as well as [(NiCpiPr4)2-μ2-(Te2)] (2.440(2) Å),[57]

[(NiCpiPr4)2-μ-( Te)2] (2.44–2.45 Å),[58] [CpFe(C5H4)-Te(I)2-
Ni(NHC)Cp] (2.4407(8) Å)[59] and (μ4-telluro)-hexakis(μ3-telluro)-
bis(μ2-bis(diphenylphosphino)methane)-bis(η5-tert-butylcyclo-
pentadienyl)-pentanickeldiniobium (2.436(5) Å)[60] show the
overall shortest Ni–Te bond lengths. The Ni–Te bond in
[Ni(LTe)(PPh3)] is therefore not only the shortest so far crystallo-
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graphically determined Ni–Te bond length for an aryltellurolato
ligand, but also the shortest Ni–Te distance observed in any
compound with a Ni–Te bond.

A more detailed structural comparison of the (almost) full
series of [M(LY)(PPh3)] complexes (M = Ni, Pd, Pt; Y = O, S, Se
Te) can be found in the Supporting information.

ESI+ mass spectra of the complexes under study clearly show
the signals of their molecular ions [M]+ or [M + H]+ ions. In
many of the spectra also high-intensity peaks for adducts of the
type [2M + cation]+ or ions, which contain protonated, oxidized
ligands and reduced metals such as [(MH)2 + H]+, are observed.
Additional signals for ions of the composition [M + LY + H]+

with an intact, deprotonated dichalcogenide coordinating to
one or two metal ions can also be observed. The formation of
adducts, the oxidation of the ligands to the dichalcogenides
and the reduction of the metal ions occurs mainly for the tellu-
rolato complexes. The presence of such species in the ESI+ mass
spectra indicates that compounds such as [MII{LY}2], [MII

2(LY)2]
and [M0

2{HLY}2] with reformed dichalcogenides can formed
from [MII(LY)(PPh3)]. In some of the complexes, a fragment of
the phosphonium-species {Ph3PSe(C6H4)-2-N=CHC6H4-2-OH}+

(m/z = 538.0818) can be observed. This is not unexpected, since
such species are also present in the fragmentation patterns of
the rhenium complexes, we have studied recently.[30]

The yields reported in the Experimental Section are in the
range between 55 and 80 per cent and refer to the isolated
pure compounds. But it should be mentioned that the reaction
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conditions had to be optimized for parameters such as solvent,
temperature and reaction time for each individual complex.
This is in analogy to the syntheses of the rhenium(V) complexes
with the same ligands,[30] and is explained by a number of rele-
vant, competing side-reactions. Thus, the availability of the pre-
cursor molecules in the solution, the release of PPh3, its favored
oxidation to OPPh3 instead of taking part in undesired side-
reactions etc. must be controlled carefully. An illustrative exam-
ple of the requirement for an individual optimization is the re-
action of [NiIICl2(PPh3)2] with {HLSe}2. This reaction generally
works at room and elevated temperatures and without the ad-
dition of a supporting base in CH2Cl2, where it is well soluble.
However, under these conditions it is slow and gives unsatisfac-
torily low yields of [NiII(LSe)(PPh3)] (ca. 15 %). With regard to our
earlier observations, that the yield of such reactions is fre-
quently low when the starting materials are highly soluble in
the solvent used for the reaction, we changed the solvent and
used boiling acetonitrile, in which the starting materials are in-
soluble. Upon the addition of a small amount of CH2Cl2 to this
mixture, a gradual dissolution of the starting materials was ob-
served and the deposition of microcrystalline [NiII(LSe)(PPh3)]
proceeded within minutes with yields of 80 %.

Generally, we found that the presence of traces of water and
the absence of oxygen are necessary for good yields. This ob-
servation is consistent with the mechanism for the dichalcogen-
ide reduction we proposed for the formation of the related
rhenium(V) complexes.[30] Therefore, we believe the mechanism
is generally applicable to the reaction of transition metal phos-
phine complexes with dichalcogenides as is shown in
Scheme 2.

Interestingly, an exception to the strict necessity of water are
the reactions of [PdII(OAc)2(PPh3)2] with {HLY}2 (Y = Se, Te),
which work slowly at room temperature and without the addi-
tion of a supporting base in dry, degassed solvents (yield of
[PdII(LY)(PPh3)] ca. 50 %). However, also the yield of
[PdII(LY)(PPh3)] increased to the range of 80 % by the addition
of water to the reaction mixture.

To give some rational explanations for the mechanism of the
reduction of {HLSe}2 with PPh3 and to the point that it does not
proceed without the presence of metal ions,[30] we performed
a series of DFT calculations on the B3LYP level for the reactions
of free {HLSe}2 and metal-bound {HLSe}2, in the form of [Pd{LSe–

Scheme 2. Proposed mechanism for the reaction between [MX2(PPh3)2] (M = Ni,Pd,Pt) with {HLSe}2.
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HLSe}(PPh3)]+(OAc)–, with PPh3 and H2O in CH2Cl2 solution. Both,
a di(organoseleno)phosphorane and an organoselenophos-
phonium-organoselenolate ion pair were considered as possi-
ble intermediates in these reactions. However, the phosphorane
intermediates, which were stable intermediates in the gas-
phase, did not converge with the solvation model. Therefore,
we assume that the ion-pair structures resemble the intermedi-
ates in solution better. The summed relative free energies of
the respective starting materials, products and intermediates
are shown in Scheme 3. Apparently, the release of the phos-
phonium species is favored for the metal-bound reaction, while
it is energetically disfavored for the reaction of free {HLSe}2. This
is probably due to the stabilization of the complementarily re-
leased {HLSe}– anion by the coordination to the metal ion. Fur-
thermore, the energy surface in the metal-bound reaction is
much smoother, resulting in better accessible reaction interme-
diates compared to the reaction of the non-coordinated dichal-
cogenide.

To get further information about such reactions and possible
reasons for the increased reactivity upon coordination, we per-
formed gas-phase calculations on a series of diaryldiselenides
R-Se-Se-R (R = Ph, Ph-2-NMe2, Ph-2-NCMe2, 2-Py, 3-Py-2-NMe2,
3-Py-2-NCMe2) and their Pd(II) complexes [PdCl2(PR′3)-η1-{R-Se-
Se-R}] (R′= Ph, Me, CF3), where we also considered the respec-
tive chelated [PdCl(PR′3)-η2-{R-Se-Se-R}]+ cations. Generally, we
found an increase in the intensity and/or size of the σ-hole of
the Se-Se bond upon coordination to the metal. This results in
an increased polarization of the Se-Se bond and a positive par-
tial charge on the exposed surface of the non-coordinating sel-
enium atom, which bears the majority of the σ*(Se-Se) or σ-
hole. For all regarded examples, we then additionally calculated
interactions with PPh3. PPh3 acts in all (sterically accessible)
cases on the metal-bound diselenides as a donor into the σ*(Se-
Se) orbitals at the non-coordinated selenium atoms with forma-
tion of [PdCl2(PR′3)-η1-{R-Se-Se(R)←:PPh3}]-type donor-acceptor
complexes (R′=Me). They show elongated Se-Se bonds (delocal-
ization energy in second order perturbation analysis: 20–
60 kcal/mol). In some cases, an inversion of the bonding situa-
tion is observed, where the Se-Se bond is broken and a
Se–P bond is formed. The resulting selenylphosphonium ions
are stabilized in many cases by donation of the liberated sele-
nolato ligands into the σ*-Se-P orbitals: [PdCl2(PR′3)-η1-R-



Full Paper
doi.org/10.1002/ejic.202000750

EurJIC
European Journal of Inorganic Chemistry

Scheme 3. Differences in free energy between starting materials, products and intermediates suggested for the reaction between free (red) and metal-bound
(blue) {HLSe}2 with PPh3 in the presence of water in CH2Cl2 solution. The energy values were corrected by the quasi-harmonic method of Grimme.

Se:→Se(R)PPh3] (R′=Me). The likely reason for the metal-
induced reduction is therefore not only the stabilization of the
released selenolato anion, but also an increased polarization of
the Se-Se bond upon coordination. A positive charge on the
metal-diselenide complex further polarizes the non-coordi-
nated selenium atom positively and leads to an even stronger
interaction with the phosphine. This commonly results in a
cleavage of the Se-Se bond.

In contrast, the donation of PPh3 to the uncoordinated di-
selenides is very weak – no formation of donor-acceptor com-
plexes could be concluded and no break of a Se-Se bond is
found (maximum delocalization energy in second order pertur-
bation analysis: 2 kcal/mol).

The electrostatic potential maps of the phenyl diselenide
model with some further electronic information are shown in
Figure 2. Further information on the calculations can be found
in the Supporting Information.

Attempted oxidations of the metal(II) complexes with ele-
mental iodine did not result in the formation of defined
metal(IV) complexes, but gave intractable, poorly soluble prod-
ucts. Only from the reaction between [PdII(LTe)(PPh3)] and I2,
which also yields an insoluble dark red powder with low carbon
content, a small amount (approximately 10 %) of a crystalline
product could be isolated from the remaining solution. It is the
zwitterionic compound [(HO)C6H4-(CHN+H)-C6H4-TeIII2], which is
associated with one molecule OPPh3 giving a dark purple solid.
The same products can be prepared by a direct reaction be-
tween {LTe}2, I2 and OPPh3 with somewhat higher yields.

The formation of zwitterionic compounds upon oxidation
of diarylditellurides by I2 is not without precedent and has been
observed before e.g. during the reaction of bis(pyridyl)di-
telluride with iodine.[61] The stabilization of such zwitterions by
long-range interactions with other building blocks is frequently
observed and has extensively been studied in a recent work
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Figure 2. 3D Electrostatic potential maps at the ρ = 0.004 level of the gas-
phase calculated model compounds a) (PhSe)2, b) [PdCl2(PhSe)2(PPh3)],
c) [PdCl2(PhSe)2(PMe3)] and d) [PdCl2(PhSe)2(P(CF3)3)]. Orientation along the
Se-Se bonds with the non-metal-bonded selenium atom and its σ-hole point-
ing towards the viewer (blue = positive; red = negative; color normalized to
the potential of free (PhSe)2). Donation of the PPh3 lone-pair to the σ-hole
on the Se-Se axis centered at the non-coordinating selenium atom is indi-
cated. The estimated second order perturbation energy gain from the dona-
tion (Edeloc.), the energy difference between donor and acceptor orbitals
(ΔEdonor–acceptor) and the overlap factor (Fdonor,acceptor) are given besides the
graphs.
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dealing with pyridyltellurium(II) chlorides, bromides and iod-
ides.[62] Long-range interactions play also a role in the solid-
state structure of {[(HO)C6H4-(CHN+H)-C6H4-TeI2]·OPPh3}. The
structure of the compound is shown in Figure 3 and selected
bond lengths and angles are summarized in Table 2. The
Te1–I1 and Te2–I2 distances are approximately equal and they
are bound linearly. One of the phenyl rings in the triphenyl-
phosphine oxide shows a tellurium-centroid distance of
3.771(1) Å and the corresponding Te–centroid contact aligns
linearly with the C-Te axis. The individual C=C···Te distances are
between 3.569(1) Å (C22–C23 centroid) and 4.306(1) Å (C25–
C26 centroid) and do not align with the C-Te axis. Therefore, it
cannot be finally concluded if the observed long range interac-
tion should be attributed to individual C=C···Te interactions,
Ph···Te interactions or a mixture of both. The infrared spectrum
of the zwitterion confirms the protonation of the aldiminic
nitrogen atom. A sharp N-H stretch of medium intensity is ob-
served at 3050 cm–1. The intense band for the O-H stretch is
very broad and centered at 2324 cm–1. The ESI+ mass spectrum
of {[(HO)C6H4-(CHN+H)-C6H4-TeI2]·OPPh3} is less instructive and
mainly contains peaks, which are related to triphenylphosphine
oxide.

Figure 3. Structure of {[(HO)C6H4-(CHN+H)-C6H4-TeI2]·OPPh3}. Ellipsoids are de-
picted at 50 % probability. Hydrogen atoms bonded to carbon atoms are
omitted for clarity.

Table 2. Selected bond lengths [Å] and angles (°) in {[(HO)C6H4-(CHN+H)-C6H4-
TeIII2]·OPPh3}.

Te1–I1 2.9466(9) N1–C17 1.303(4)
Te1–I2 2.969(1) P1–O2 1.497(2)
Te–Centroid 3.771(1)
C-Te1–I1 88.36(8) C-Te1–I2 89.90(8)
I1–Te1–I2 176.181(9) C-Te–centroid 179.32(8)
I1–Te1-centroid 91.84(1) I2–Te1-centroid 89.86(1)
D–H···A d(D–H) d(H···A) d(D···A) <(DHA)
N1–H17B···O1 0.80(3) 1.95(3) 2.604(3) 138(3)
O1–H1···O2 0.81(4) 1.70(4) 2.506(3) 171(4)

Conclusions
In the present communication, we extended the recently re-
ported method, in which released PPh3 acts as reducing agent
for metal-bound dichalcogenides to nickel, palladium and plati-
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num. All three group 10 elements form stable complexes with
the tridentate selenolato- and tellurolato-substituted Schiff
base ligands {HLSe}2– and {HLTe}2–, respectively. The resulting
[M(LY)(PPh3)] complexes (Y = Se, Te) have a square-planar coor-
dination geometry. Optimum yields are obtained in the pres-
ence of water and under strict exclusion of dioxygen. The inter-
mediates of the reactions of [Pd(OAc)2(PPh3)2] and {HLSe}2 as
well as {HLSe}2 with PPh3 were evaluated via DFT calculations.
Calculations about the coordination of several model diselen-
ides to a palladium(II) center reveal an increased polarization of
the Se-Se bonds upon coordination, which facilitates the nu-
cleophilic attack of PPh3. The stabilization of the {LSe}2– anion
by coordination to a metal ion results in the stabilization of an
intermediate {LSe-PPh3}+ phosphonium salt, which is less stable
without the presence of a metal. Therefore, the reduction does
not (or only very slowly) proceed without the presence of metal
ions.

Experimental Section
[NiCl2(PPh3)2],[63] [Pd(OAc)2],[64] [Pd(OAc)2(PPh3)2],[64] [PtCl2(PPh3)2],[65–67]

{HLSe}2,[30] {HLTe}2,[30] bis(2-aminophenyl) diselenide and bis-
(2-aminophenyl)ditelluride were prepared according to literature
procedures.[68–70] All other chemicals were reagent grade and used
as received. Reactions involving oxygen- or water-sensitive com-
pounds were performed with standard Schlenk technique. Large
amounts of solvents were degassed using three freeze-pump-thaw
cycles with Ar as the filling gas. Small amounts of solvents were
alternatively degassed by bubbling a strong stream of argon
through the solvent for 15–30 min immediately before use.

NMR spectra were recorded at 25 °C on JEOL 400 MHz ECS-400
or JNM-ECA400II spectrometers. Reported chemical shifts (δ) are
referenced according to the IUPAC recommendations of 2008.[71]

External reference standards: tetramethylsilane, (1H, 13C), ClCF3 (19F),
85 % phosphoric acid (31P), dimethylselenide (77Se), dimethyl-
telluride (125Te) and 1.2 M Na2[PtCl4] in D2O (195Pt).

IR-Spectra were recorded with an FT IR spectrometer (Nicolet iS10,
Thermo Scientific). Intensities are classified as vs. = very strong,
s = strong, m = medium, w = weak, vw = very weak, sh = shoulder.

Electrospray ionization mass spectrometry (ESI MS) was carried out
with the ESI MSD TOF unit of an Agilent 6210 TOF LC/MS system.
The measurements were performed in CHCl3, CH2Cl2, MeOH, DMSO
or mixtures of them.

Elemental analyses were performed using a vario EL III CHN elemen-
tal analyzer (Elementar Analysensysteme GmbH) or a vario MICRO
cube CHNS elemental analyzer. Some of the determined carbon
values of the metal complexes show slightly too low contents. This
is a systematic finding on our analyzers and might have to do with
the formation of carbides.

Single crystal X-ray diffraction data were collected on a Bruker D8
Venture or a STOE IPDS II T. Absorption corrections were carried out
by the multiscan (Bruker D8 Venture) or integration methods
(STOE IPDS II T).[72,73] Structure solutions and refinements were
done with the SHELX-2008, SHELX-2014 and SHELX-2016 program
packages.[74,75] Hydrogen atom positions at heteroatoms or the al-
diminic carbon atoms were taken from the Fourier maps when pos-
sible or placed at calculated positions and refined by a riding
model. All other hydrogen atoms were placed at calculated posi-
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tions and refined by a riding model. The visualization of the molec-
ular structures was done using the program DIAMOND 4.2.2.[76]

CCDC 2021656 (for [Ni(LSe)(PPh3)]), 2021657 (for [Ni(LTe)(PPh3)]),
2021658 (for [Pd(LSe)(PPh3)]), 2021659 (for [Pd(LTe)(PPh3)]), 2021660
(for [Pt(LSe)(PPh3)]), 2021661(for [Pt(LTe)(PPh3)]) and 2021662 (for
{[(HO)C6H4-(CHN+H)-C6H4-TeI2]·OPPh3}) contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre.

DFT calculations were performed on the high-performance comput-
ing systems of the Freie Universität Berlin ZEDAT (Curta) using the
program packages GAUSSIAN 09 and GAUSSIAN 16.[77,78] The gas
phase and solution geometry optimizations were performed using
coordinates derived from the X-ray crystal structures using GAUSS-
VIEW.[79] The polarizable continuum model (PCM) with the integral
equation formalism variant (IEFPCM) was used to implicitly simulate
the solvent dichloromethane. The calculations were performed with
the hybrid density functional B3LYP.[80–82] The double-� pseudo-
potential LANL2DZ basis set with the respective effective core po-
tential (ECP) was applied to Ni, Pd and Pt.[83] The Stuttgart relativis-
tic large core basis set RLC with the corresponding ECP was applied
to I.[84] The Stuttgart relativistic large core basis set RLC with the
corresponding ECP and an extension by STO-3G* polarization func-
tions was applied to Te.[84,85] The 6-31G* basis set was applied for
all other atoms excluding H.[86–90] For H, the 6-31G basis set was
applied.[91] All basis sets as well as the ECPs were obtained from the
EMSL database.[92] Frequency calculations after the optimizations
confirmed the convergence. No negative frequencies were obtained
for the given optimized geometries of all compounds. The entropic
contribution to the free energy was corrected for low-energy modes
using the quasi-harmonic approximation of Grimme[93] as imple-
mented in the freely accessible python code GoodVibes of Funes-
Ardoiz and Paton with a cut-off at 500 cm–1.[94] Further analysis of
orbitals, charges, 2D ESP mapping, QTAIM, etc. was performed with
the free multifunctional wavefunction analyzer Multiwfn.[95] Vizuali-
sation of the electrostatic potential maps was done with GAUSS-
VIEW.[79] To verify the suitability of the employed methods, the
structures of all [M(LY)(PPh3)] (M = Ni, Pd, Pt; Y = O, S, Se, Te) were
calculated in the gas-phase. The calculated bonding parameters
match the determined crystal structures, where they were available,
on average within 0.036 Å. The deviations are highest with an aver-
age elongation of 0.054 Å for the coordination sphere of the metals,
which is expected for a gas phase calculation. The latter is most
prominent in the metal tellurium distances with an average elonga-
tion of 0.115 Å compared to the solid-state structures.

[Ni(LSe)(PPh3)]. [NiCl2(PPh3)2] (66 mg, 0.1 mmol) and {HLSe}2

(22 mg, 0.04 mmol) were suspended in degassed CH3CN (6 mL).
and heated to reflux. CH2Cl2 (1 mL) was added and the color of the
suspension changed from dark green to dark brown. After 5 min,
the solution was cooled to room temperature. Diethyl ether (24 mL)
was added to the yellow solution with a brown precipitate. The
mixture was left in the freezer overnight to finish the precipitation.
The brown-red microcrystals were filtered off, washed with diethyl
ether and dried in vacuo. A second crop of crystals was obtained
by evaporation of the combined filtrates and washing solutions.
The product can be recrystallized from CH2Cl2/diethyl ether or
CH2Cl2/EtOH. Brown-red microcrystals or red-green dichroic cubes.
Yield: 36 mg (76 %).

Elemental analysis: Calculated for C31H24NNiOPSe: C 62.6, H 4.1, N
2.4 %; Found C 62.0, H 4.1, N 2.3 %. IR (cm–1): ν̃ = 3058 (w), 1605
(m) C=N, 1580 (m), 1564 (m), 1523 (m), 1478 (m), 1455 (m), 1431
(s), 1377 (m), 1366 (m), 1332 (m), 1307 (w), 1262 (m), 1248 (m), 1225
(m), 1169 (m), 1157 (m), 1145 (m), 1123 (m), 1100 (sh), 1092 (s),
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1038 (m), 1025 (m), 997 (m), 976 (vw), 950 (w), 926 (m), 841 (m),
806 (m), 756 (sh), 744 (vs), 715 (sh), 702 (sh), 690 (vs), 618 (w), 609
(m), 555 (s), 548 (m). ESI+ MS (m/z): 538.0856 (calc. 538.0843) [HLSe

+ PPh3]+, 596.0193 (calc. 596.0191) [M + H]+, 618.0017 (calc.
618.0010) [M + Na]+, 633.9753 (calc. 633.9750) [M + K]+. 1H NMR
(CD2Cl2, ppm): 8.86 (1H, d, 4JH,P = 9.29 Hz, H17CR=NR), 7.96–7.79
(6H, m, m-P-ArH), 7.62 (1H, d, 3JH15,H14 = 8.31 Hz, LArH15), 7.56–7.48
(3H, m, p-P-ArH), 7.56–7.48 (8H, m, 6 o-P-ArH, LArH2 [ca. 7.44],
LArH12 [ca. 7.41]), 7.17 (1H, m, LArH4), 7.09 (1H, m, LArH14), 6.98
(1H, m, LArH13), 6.64 (1H, m, LArH3), 6.33 (1H, d, 3JH5,H4 = 8.31 Hz,
LArH5). 13C NMR (CD2Cl2, ppm): 164.4 (d, 3JC,P = 1 Hz, LCAr6), 157.1
(s, HC17R=NR), 152.5 (d, 3JC,P = 10 Hz, LCAr11), 135.7 (d, 4JC,P =
14 Hz, LCAr16), 134.9 (d, 3JC,P = 10 Hz, m-P-CAr), 134.7 (s, LCAr2),
134.6 (s, LCAr4), 130.9 (d, 4JC,P = 3 Hz, p-P-CAr), 130.6 (d, 3JC,P = 2 Hz,
LCAr1-Se), 129.8 (d, 1JC,P = 46 Hz, P-CAr), 128.4 (d, 2JC,P = 10 Hz,
o-P-CAr), 127.0 (s, LCAr13), 123.5 (s, LCAr14), 121.6 (d, 4JC,P = 1 Hz,
LCAr5), 119.8 (s, LCAr12), 116.5 (s, LCAr15), 115.7 (s, LCAr3). 31P NMR
(CD2Cl2, ppm): 22.1 (s). 77Se NMR (CD2Cl2, ppm): 233.0 (d, 2JSe,P =
77 Hz).

[Ni(LTe)(PPh3)]. [NiCl2(PPh3)2] (66 mg, 0.1 mmol) and {HLTe}2 (22 mg,
0.08 mmol) were suspended in degassed EtOH (2 mL). and heated
to reflux. NEt3 (3 drops) was added and the mixture was heated
under reflux for further 15 min. After cooling to room temperature,
the dark precipitate was filtered off and washed with water, diethyl
ether and hexane. It was dried in vacuo. A second crop of crystals
was obtained by layering the combined filtrate and washing solu-
tions with hexane. Brown-red microcrystals or red-green dichroic
cubes. Yield: 40 mg (59 %).

Elemental analysis: Calculated for C31H24NNiOPTe: C 57.8, H 3.8,
N 2.2 %; Found C 57.5, H 3.8, N 2.1 %. IR (cm–1): ν̃ = 3060 (w), 1606
(m) C=N, 1581 (m), 1563 (m), 1522 (m), 1479 (m), 1453 (m), 1431
(s), 1381 (m), 1365 (m), 1337 (m), 1259 (m), 1247 (m), 1222 (m), 1169
(m), 1156 (m), 1146 (s), 1126 (m), 1101 (s), 1091 (s), 1044 (w), 1028
(m), 997 (m), 952 (w), 926 (m), 841 (m), 805 (m), 758 (sh), 744 (vs),
715 (sh), 701 (sh), 690 (vs), 618 (w), 604 (m), 555 (s), 546 (m), 528
(s). ESI+ MS (m/z): 706.8907 (calc. 706.8890) [Ni{HLTe}2 + H], 728.8723
(calc. 728.8709) [Ni{HLTe}2 + Na], 744.8459 (calc. 744.8447) [Ni{HLTe}2

+ K], 1410.7711 (calc. 1410.7700) [2Ni{HLTe}2 + H], 1432.7522 (calc.
1432.7519) [2Ni{HLTe}2 + Na], 1448.7282 (calc. 1448.7257) [2Ni{HLTe}2

+ K], 1526.7746 (calc. 1526.7091) [2Ni{HLTe}2 + Ni(OAc)]. 1H NMR
(CDCl3, ppm): 8.47 (1H, d, 4JH,P = 8.23 Hz, H17CR=NR), 7.87–7.66
(6H, m, m-P-ArH), 7.46 (1H, d, 3JH15,H14 = 7.58 Hz, LArH15), 7.40–7.09
(11H corrected for CHCl3, m, p-P-ArH, o-P-ArH, LArH2, LArH12), 6.99
(2H, m, LArH4, LArH14), 6.79 (1H, m, LArH13), 6.45 (1H, m, LArH3),
6.10 (1H, d, 3JH5,H4 = 8.58 Hz, LArH5). 13C NMR (CDCl3, ppm): 164.8
(s, LCAr6), 159.9 (s, HC17R=NR), 158.6 (s, LCAr11), 135.3 (s, LCAr2),
134.8 (s, LCAr4), 134.7 (d, 3JC,P = 6 Hz, m-P-CAr), 134.7 (overlapped s
(in the middle of the d for m-P-CAr), LCAr16), 132.2 (d, 4JC,P = 10 Hz,
LCAr16), 130.6 (s, p-P-CAr), 130.6 (d, 1JC,P = 48 Hz, P-CAr), 128.2 (d,
2JC,P = 10 Hz, o-P-CAr), 126.6 (s, LCAr13), 125.2 (s, LCAr14), 121.9 (s,
LCAr5), 120.1 (s, LCAr12), 118.1 (s, LCAr15), 115.3 (s, LCAr3), 112.4 (d,
3JC,P = 11 Hz, LCAr1-Te). 31P NMR (CDCl3, ppm): 25.6 (s), 25.5 (d,
2JP,Te = 191 Hz, P-Ni-125Te). 125Te NMR (CDCl3, ppm): 338.6 (d, 2JTe,P =
194 Hz).

[Pd(LSe)(PPh3)]. [Pd(OAc)2(PPh3)2] (112 mg, 0.15 mmol) was dis-
solved in a degassed mixture of CH2Cl2 (3 mL) and water (3 drops).
{HLSe}2 (83 mg, 0.15 mmol) was added as a solid. The color of the
solution turned from yellow to red immediately and the mixture
was stirred vigorously for 3 h. It was layered with diethyl ether
(18 mL) and left in the freezer. After 3 days, large red crystals had
formed, which were filtered off, washed with diethyl ether and dried
in vacuo. A second crop of crystals was obtained by evaporation
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of the combined filtrate and washing solutions. Orange-red plates.
Yield: 76 mg (78 %).

Elemental analysis: Calculated for C31H24NOPPdSe: C 57.9, H 3.8,
N 2.1 %; Found C 56.8, H 3.9, N 2.1 %. IR (cm–1): ν̃ = 3047 (w), 3015
(w), 1967 (w), 1911 (w), 1605 (m) C=N, 1587 (m), 1571 (m), 1522
(m), 1482 (m), 1457 (m), 1433 (s), 1387 (m), 1364 (m), 1332 (m), 1308
(w), 1306 (w), 1263 (w), 1250 (w), 1219 (w), 1191 (m) 1171 (m), 1148
(s), 1125 (m), 1098 (s), 1037 (sh), 1028 (m), 997 (m), 948 (w), 929
(m), 850 (w), 838 (w), 800 (w), 748 (sh), 736 (vs), 709 (sh), 693 (vs),
642 (w), 616 (w), 607 (m), 577 (vw), 565 (w), 551 (s), 531 (s). ESI+ MS
(m/z): 643.9895 (calc. 643.9888) [M + H]+, 665.9718 (calc. 665.9707)
[M + Na]+, 681.9452 (calc. 681.9446) [M + K]+, 944.0577 (calc.
944.00364) [M + PPh3 + K]+, 1308.9532 (calc. 1308.9536) [2M + Na]+,
1324.9274 (calc. 1324.9274) [2M + K]+. 1H NMR (CD2Cl2, ppm): 8.94
(1H, d, 4JH,P = 14.98 Hz, H17CR=NR), 7.85–7.73 (6H, m, m-P-ArH),
7.69 (1H, d, 3JH15,H14 = 7.89 Hz, LArH15), 7.60–7.41 (11H corrected
for CHCl3, m, p-P-ArH, o-P-ArH, LArH2 [ca. 7.48], LArH12 [ca. 7.44]),
7.32 (1H, m, LArH4), 7.14 (1H, m, LArH13), 7.03 (1H, m, LArH12),
6.70–6.62 (2H, m, LArH3 [ca. 6.64], LArH5 [ca. 6.62]). 13C NMR
(CD2Cl2, ppm): 165.6 (s, LCAr6), 156.3 (s, HC17R=NR), 151.2 (d, 3JC,P =
2 Hz, LCAr11), 136.6 (s, LCAr2), 135.8 (s, LCAr4), 135.0 (d, 3JC,P = 11 Hz,
m-P-CAr), 134.9 (s, LCAr16), 131.3 (d, 4JC,P = 3 Hz, p-P-CAr), 131.3 (d,
3JC,P = 1 Hz, LCAr1-Se), 129.8 (d, 1JC,P = 51 Hz, P-CAr), 128.5 (d, 2JC,P =
11 Hz, o-P-CAr), 127.3 (s, LCAr13), 123.8 (s, LCAr14), 122.0 (d, 4JC,P =
2 Hz, LCAr5), 119.7 (s, LCAr12), 116.9 (d, 5JC,P = 1 Hz, LCAr15), 115.1
(s, LCAr3). 31P NMR (CD2Cl2, ppm): 25.6 (s). 77Se NMR (CD2Cl2, ppm):
326.4 (dd, 2JSe,P = 21 Hz, J = 6 Hz).

[Pd(LTe)(PPh3)]. [Pd(OAc)2(PPh3)2] (72 mg, 0.1 mmol) was dissolved
in a degassed mixture of CH2Cl2 (1 mL) and water (1 drop). {HLTe}2

(64 mg, 0.1 mmol) was added as a solid. The color of the solution
turned immediately from yellow to brown. The mixture was stirred
vigorously for 3 h. It was layered with diethyl ether (18 mL) and left
in the freezer overnight. The large deep red crystals, which formed,
were filtered off. They were washed with diethyl ether and hexane
and dried in vacuo. A second crop of crystals was obtained by evap-
oration of the combined filtrate and washing solutions. Dark red
blocks. Yield: 52 mg (75 %).

Elemental analysis: Calculated for C31H24NOPPdTe: C 53.8, H 3.5, N
2.0 %; Found C 53.6, H 3.6, N 2.0 %. IR (cm–1): ν̃ = 3048 (w), 1605
(m) C=N, 1582 (m), 1566 (sh), 1558 (m), 1518 (m), 1505 (sh), 1480
(m), 1450 (m), 1431 (s), 1390 (m), 1368 (m), 1335 (m), 1308 (w), 1287
(vw), 1259 (m), 1244 (m), 1215 (w), 1182 (m), 1164 (m), 1157 (sh),
1146 (s), 1128 (m), 1102 (s), 1093 (sh), 1069 (w), 1044 (w), 1027 (m),
997 (m), 969 (w), 953 (w), 926 (m), 841 (m), 794 (w), 757 (sh), 743
(vs), 716 (m), 716 (sh), 703 (vs), 637 (vw), 618 (w), 602 (m), 573 (vw),
550 (m), 530 (s). ESI+ MS (m/z): 693.9772 (calc. 693.9771) [M + H]+,
715.9657 (calc. 715.9591) [M + Na]+, 731.9346 (calc. 731.9328) [M +
K]+, 944.0577 (calc. 944.00364) [M + PPh3 + K]+, 1152.8675 (calc.
1152.8998) [{Pd0(PPh3)(HLTe)-(HLTe)Pd0H2} + Na]+. 1H NMR (CD2Cl2,
ppm): 8.72 (1H, d, 4JH,P = 14.09 Hz, H17CR=NR), 7.83–7.72 (6H, m,
m-P-ArH), 7.46 (1H, dd, 3JH15,H14 = 7.64 Hz, 4JH15,H12 = 1.32 Hz,
LArH15), 7.56–7.48 (3H, m, p-P-ArH), 7.48–7.39 (8H, m, 6 o-P-ArH,
LArH2, LArH12), 7.29 (1H, ddd, 3JH4,H5 = 8.64 Hz, 3JH4,H3 = 6.78 Hz,
4JH4,H2 = 1.88 Hz, LArH4), 7.20 (1H, m, LArH14), 6.96 (1H, m, LArH13),
6.61 (1H, ddd, 3JH3,H2 = 7.95 Hz, 3JH3,H4 = 6.78 Hz, 4JH3,H5 = 1.14 Hz,
LArH3), 6.54 (1H, d, 3JH5,H4 = 8.64 Hz, LArH5). 13C NMR (CD2Cl2, ppm):
166.6 (s, LCAr6), 159.6 (s, HC17R=NR), 157.3 (d, 3JC,P = 2 Hz, LCAr11),
137.2 (s, LCAr2), 136.4 (s, LCAr4), 136.1 (d, 4JC,P = 1 Hz, LCAr16), 135.2
(d, 3JC,P = 11 Hz, m-P-CAr), 131.5 (d, 4JC,P = 3 Hz, p-P-CAr), 131.0
(d, 1JC,P = 52 Hz, P-CAr), 128.8 (d, 2JC,P = 11 Hz, o-P-CAr), 127.3
(s, LCAr13), 125.7 (s, LCAr14), 122.2 (d, 4JC,P = 2 Hz, LCAr5), 120.1 (s,
LCAr12), 118.9 (d, 5JC,P = 1 Hz, LCAr15), 115.1 (s, LCAr3), 112.1 (d,
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3JC,P = 6 Hz, LCAr1-Te). 31P NMR (CD2Cl2, ppm): 21.7 (s), 21.7 (d,
2JP,Te = 53 Hz, P-Pd-125Te). 125Te NMR (CD2Cl2, ppm): 476.5 (d, 2JTe,P =
61 Hz).

[Pt(LSe)(PPh3)]. [PtCl2(PPh3)2] (80 mg, 0.1 mmol) and {HLSe}2

(44 mg, 0.08 mmol) were suspended in a degassed mixture of EtOH
(1 mL) and CH2Cl2 (1 mL). The yellow-beige solution was heated to
reflux and NEt3 (3 drops) was added, which resulted in a color
change to orange-red. After 30 min, the mixture was cooled to
room temperature, the bright orange precipitate was filtered off
and washed with diethyl ether and hexane. It was dried in vacuo.
The product can be recrystallized by slow diffusion of diethyl ether
into a CH2Cl2 solution. Bright orange-red powder or orange-red
needles. Yield: 55 mg (75 %).

Elemental analysis: Calculated for C31H24NOPPtSe: C 50.9, H 3.3,
N 1.9 %; Found C 50.8, H 3.4, N 1.9 %. IR (cm–1): ν̃ = 3047 (w), 1605
(m) C=N, 1587 (m), 1573 (m), 1524 (m), 1482 (m), 1459 (m), 1434
(s), 1387 (m), 1366 (m), 1329 (m), 1297 (w), 1264 (w), 1250 (w), 1221
(w), 1191 (w), 1172 (m), 1149 (m), 1126 (m), 1099 (s), 1049 (w), 1038
(w), 1028 (m), 996 (w), 960 (vw), 945 (vw), 931 (sh), 921 (w), 867 (w),
850 (w), 837 (w), 804 (w), 749 (sh), 735 (vs), 709 (sh), 694 (vs), 644
(vw), 616 (m), 585 (w), 567 (vw), 556 (m), 538 (vs), 526 (s). ESI+ MS
(m/z): 754.0342 (calc. 754.0304) [M + Na]+, 770.0092 (calc. 770.0043)
[M + K]+, 1486.0782 (calc. 1486.0738) [2M + Na]+, 1503.0516 (calc.
1503.0476) [2M + K]+. 1H NMR (CDCl3, ppm): 9.20 (1H, d, 4JH,P =
13.29 Hz, H17CR=NR), 9.20 (dd, 3JH,Pt = 42.98 Hz, 4JH,P = 11.08 Hz,
H17CR=NR), 9.20 (dd, 1JC17,H17 = 161.48 Hz, 4JH,P = 12.69 Hz,
H17CR=NR), 7.85–7.75 (6H, m, m-P-ArH), 7.70 (1H, dd, 3JH15,H14 =
7.72 Hz, 4JH15,H13 = 1.48 Hz, LArH15), 7.57 (1H, dd, 3JH12,H13 =
8.01 Hz, 4JH12,H14 = 1.83 Hz, LArH12), 7.53–7.38 (11H, m, p-P-ArH,
o-P-ArH, LArH2, LArH14), 7.09 (1H, ddd, 3JH13,H12 = 8.38 Hz,
4JH13,H14 = 6.81 Hz, 4JH13,H15 = 1.53 Hz, LArH13), 7.02 (1H, ddd,
3JH4,H3 = 8.08 Hz, 4JH4,H5 = 7.04 Hz, 4JH4,H2 = 1.18 Hz, LArH4), 6.75–
6.90 (2H, m + ddd, 3JH3,H4 = 7.93 Hz, 3JH3,H2 = 6.77 Hz, 3JH3,H5 =
1.15 Hz, LArH5, LArH3). 13C NMR (CDCl3, ppm): 163.1 (s, LCAr6), 153.3
(s, HC17R=NR), 150.8 (d, 3JC,P = 1 Hz, LCAr11), 135.3 (s, LCAr2), 135.0
(s, LCAr4), 134.6 (d, 3JC,P = 11 Hz, m-P-CAr), 133.3 (d, 4JC,P = 7 Hz,
LCAr16), 131.0 (d, 3JC,P = 1 Hz, LCAr1-Se), 130.8 (d, 4JC,P = 3 Hz, p-P-
CAr), 129.2 (d, 1JC,P = 61 Hz, P-CAr), 127.9 (d, 2JC,P = 11 Hz, o-P-CAr),
126.6 (s, LCAr13), 123.1 (s, LCAr14), 122.0 (d, 4JC,P = 1 Hz, LCAr5),
119.3 (s, LCAr12), 116.7 (5JC,P = 1 Hz, LCAr15), 115.6 (s, LCAr3). 31P
NMR (CDCl3, ppm): 8.1 (s), 8.2 (d, 1JP,Pt = 3719 Hz, P1̄95Pt). 77Se NMR
(CDCl3, ppm): 196.8 (d, 2JSe,P = 31 Hz). 195Pt NMR (CDCl3, ppm):
–3675 (d, 1JPt,P = 3772 Hz).

[Pt(LTe)(PPh3)]. [PtCl2(PPh3)2] (80 mg, 0.1 mmol) and {HLTe}2 (52 mg,
0.08 mmol) were suspended in a degassed mixture of EtOH (1 mL)
and CH2Cl2 (3 mL). The clear orange-red solution was heated to
reflux and NEt3 (1 drop) was added, which resulted in a color-
change to dark red-brown. The heating was continued for 3 days.
Then, the CH2Cl2 was distilled off and the remaining solution was
cooled to room temperature. The addition of an excess of a 1:1
mixture of EtOH and hexane (ca. 60 mL) induced precipitation. The
light red precipitate was filtered off and washed with EtOH, diethyl
ether and hexane. The dark red powder was dried in vacuo. The
product can be recrystallized by slow evaporation of a CH2Cl2/di-
ethyl ether mixture. Dark red powder or orange-red needles.
Yield: 43 mg (55 %).

Elemental analysis: Calculated for C31H24NOPPtTe: C 47.7, H 3.1,
N 1.8 %; Found C 47.5, H 3.2, N 1.8 %. IR (cm–1): ν̃ = 3048 (w), 1605
(m) C=N, 1584 (m), 1569 (m), 1523 (m), 1482 (m), 1455 (m), 1435
(s), 1390 (m), 1366 (m), 1331 (m), 1263 (w), 1248 (w), 1216 (w), 1191
(w), 1170 (m), 1148 (s), 1127 (m), 1099 (s), 1047 (w), 1028 (m), 997
(w), 951 (vw), 931 (w), 839 (w), 801 (w), 738 (vs), 709 (sh), 693 (vs),



Full Paper
doi.org/10.1002/ejic.202000750

EurJIC
European Journal of Inorganic Chemistry

617 (sh), 610 (m), 580 (w), 556 (m), 538 (vs). ESI+ MS (m/z): 781.0349
(calc. 798.0324) [M]+, 798.0332 (calc. 798.0324) [M + OH]+, 812.0551
(calc. 812.0481) [M + OMe]+. 1H NMR (CDCl3, ppm): 8.9 (1H, d, 4JH,P =
12.65 Hz, H17CR=NR), 8.9 (dd, 3JH,Pt = 43.94 Hz, 4JH,P not deter-
mined due to overlap with the main signal of the aldiminic proton,
H17CR=NR), 7.86–7.73 (7H, m, m-P-ArH, LArH15), 7.54–7.39 (11H, m,
6 o-P-ArH, 3 p-P-ArH, LArH2, LArH12), 7.16–7.10 (2H, m, LArH4,
LArH14), 6.92 (1H, m, LArH13), 6.71–6.58 (2H, m, LArH3, LArH5). 13C
NMR (CDCl3, ppm): 168.6 (s, LCAr6), 164.2 (s, HC17R=NR), 157.4 (d,
3JC,P = 4 Hz, LCAr11), 136.3 (s, LCAr2), 136.2 (s, LCAr4), 136.2 (d, 4JC,P =
1 Hz, LCAr16), 135.1 (d, 3JC,P = 11 Hz, m-P-CAr), 131.4 (d, 4JC,P = 3 Hz,
p-P-CAr), 130.8 (d, 1JC,P = 62 Hz, P-CAr), 128.5 (d, 2JC,P = 11 Hz, o-P-
CAr), 127.1 (s, LCAr13), 125.2 (s, LCAr14), 122.3 (d, 4JC,P = 1 Hz, LCAr5),
120.2 (s, LCAr12), 119.4 (d, 5JC,P = 1 Hz, LCAr15), 116.1 (s, LCAr3),
110.6 (d, 3JC,P = 6 Hz, LCAr1-Te). 31P NMR (CDCl3, ppm): 4.8 (s), 4.8
(d, 1JP,Pt = 3712 Hz, P1̄95Pt), 4.5 (d, J = 1559 Hz). 125Te NMR (CDCl3,
ppm): 300.1 (d, 2JTe,P = 58 Hz). 195Pt NMR (CDCl3, ppm): –3895 (d,
1JPt,P = 3651 Hz).

{[(HO)C6H4-(CHN+H)-C6H4-TeI2]·OPPh3}. A solution of elemental
iodine (25 mg, 0.1 mmol) in CH2Cl2 (2 mL) was added dropwise to
a dry, degassed solution of OPPh3 (28 mg, 0.1 mmol) and {HLTe}2

(32 mg, 0.05 mmol) in CH2Cl2 (4 mL). A red precipitate formed from
the green-brown solution immediately. The mixture was stirred at
room temperature for 3 h. The precipitate was filtered off and ex-
tracted with CH2Cl2 (3 × 4 mL), diethyl ether (10 mL) and hexane
(10 mL). The combined filtrates and extract solutions were slowly
evaporated. The formed black-violet crystals were filtered off,
washed with diethyl ether and dried in vacuo. Black-violet blocks.
Yield: 19 mg (22 %).

Elemental analysis: Calculated for C31H26I2NO2PTe: C 43.5, H 2.9,
N 1.6 %; Found C 42.8, H 3.1, N 1.6 %. IR (cm–1): ν̃ = 3050 (m) N-H,
2324 (br) O-H, 1737 (br), 1624 (s) C=N, 1606 (s), 1584 (s), 1571 (s),
1502 (w), 1476 (w), 1434 (s), 1380 (m), 1360 (m), 1294 (w), 1242 (m),
1185 (m), 1160 (sh), 1141 (vs), 1120 (vs), 1086 (vs), 1069 (s), 1026
(m), 995 (vs), 944 (w), 905 (m), 876 (m), 852 (m), 784 (vw), 748 (vs),
722 (vs), 691 (vs), 632 (vw), 616 (w), 573 (w), 557 (m), 538 (vs). ESI+

MS (m/z): 301.0600 (calc. 301.0758) [OPPh3 + Na]+, 579.1396 (calc.
579.1619) [(OPPh3)2 + Na]+, 666.0842 (calc. 666.0695) [M – 2HI – H
+ CH3CN + Na]+, 857.2221 (calc. 857.2479) [(OPPh3)3 + Na]+. 1H NMR
(CD2Cl2, ppm): 8.76 (1H, s, H17CR=NR), 8.38 (d, 2JH,P = 7.79 Hz,
RO-H1···OPPh3), 7.79–7.69 (21H, m, 6 m-P-ArH, LArH15, 3 p-P-ArH,
6 o-P-ArH, LArH2, LArH12, LArH5, LArH14, LArH15), 7.37 (1H, m,
LArH3), 7.28 (1H, m, LArH4), 7.09 (1H, m, LArH13). 31P NMR (CD2Cl2,
ppm): 32.6 (s).

Deposition Numbers 2021656, 2021657, 2021658, 2021659,
2021660, 2021661 and 2021662 contain the supplementary crystal-
lographic data for this paper. These data are provided free of charge
by the joint Cambridge Crystallographic Data Centre and Fach-
informationszentrum Karlsruhe Access Structures service
www.ccdc.cam.ac.uk/structures.
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