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The different coordination behavior of the flexible yet sterically
demanding, hemilabile P,N ligand bis(quinoline-2-ylmeth-
yl)phenylphosphine (bqmpp) towards selected CuI, AgI and AuI

species is described. The resulting X-ray crystal structures reveal
interesting coordination geometries. With [Cu(MeCN)4]BF4, com-
pound 1 [Cu2(bqmpp)2](BF4)2 is obtained, wherein the copper(I)
atoms display a distorted square planar and square pyramidal
geometry. The steric demand and π-stacking of the ligand allow
for a short Cu···Cu distance (2.588(9) Å). CuI complex 2
[Cu4Cl3(bqmpp)2]BF4 contains a rarely observed Cu4Cl3 cluster,
probably enabled by dichloromethane as the chloride source. In

the cluster, even shorter Cu···Cu distances (2.447(1) Å) are
present. The reaction of Ag[SbF6] with the ligand leads to a
dinuclear compound (3) in solution as confirmed by 31P{1H}
NMR spectroscopy. During crystallization, instead of the
expected phosphine complex 3, a tris(quinoline-2-ylmeth-
yl)bisphenyl-phosphine (tqmbp) compound
[Ag2(tqmbp)2](SbF6)2 4 is formed by elimination of quinaldine.
The Au(I) compound [Au2(bqmpp)2]PF6 (5) is prepared as
expected and shows a linear arrangement of two phosphine
ligands around AuI.

1. Introduction

Multidentate P,N ligands stand out due to their hemilability, as
they contain two electronically different coordination atoms
(soft phosphorus and hard nitrogen). This versatile coordination
behavior is very beneficial and needed in catalysis, for the
preparation of MOFs or even luminescent materials.[1–13] Hemi-
labile tertiary phosphines are preferably used due to their
outstanding flexibility which can be modified by changing the
substituents accordingly. The modification of the substituents
can result in the adaptation of their steric and electronic
properties, their bite angle and solubility, and even chiral
phosphine ligands can be formed. These features can be used
for the complexation of a wide range of metal ions; even the
bridging of metal ions is possible with tertiary phosphines.[14–16]

Although the bridging capabilities of phosphines are nowadays
widely known in literature, they became popular only about
20 years ago.[17–19] In the meantime, further complexes have
been synthesized, wherein the tertiary phosphine adopts a

bridging position between two metal centers. In particular
coinage metals ions in combination with P,N ligands are prone
to the formation of polynuclear complexes which can even
support metallophilic interactions. These short metal-metal
contacts can strongly influence the properties of the resulting
complexes.[20–25] Nevertheless, conformation and composition of
the complexes of coinage metals with P,N ligands are rather
unpredictable due to the reactivity and diverse coordination
capabilities of such ligands.[26–28] The newly synthesized CuI, AgI

and AuI complexes of bis(quinolin-2-ylmethyl)phenylphosphine
(bqmpp), presented in the following, complement the great
variety of complexes of coinage metals and impressively
demonstrate the unique coordination behavior of P,N ligands.
The new complexes have been characterized by multinuclear
(1H, 13C, 31P, 11B, 19F) 1D and 2D NMR spectroscopy as well as by
single-crystal X-ray diffraction analysis, elemental analysis and
mass spectrometry.

2. Results and Discussion

2.1 Synthesis and Crystal Structures

The synthesis of bis(quinolin-2-ylmethyl)phenylphosphine
(bqmpp) has been previously reported by our group.[29] The
crystal structure of bqmpp is now provided in the Supporting
Information (Figure S1). For the synthesis of the copper(I)
complex, bqmpp is dissolved in dry, degassed acetonitrile
(MeCN) and the resulting mixture transferred to the equivalent
amount of [Cu(MeCN)4]BF4 dissolved in MeCN with a cannula
under inert gas. After stirring for 12 h at room temperature and
following work-up, the CuI compound 1 is obtained from the
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orange reaction solution (see experimental part) as an orange
powder (Scheme 1). The compound is recrystallized by diffusion
of diethyl ether into a solution of compound 1 in dichloro-
methane (DCM) at room temperature, yielding 74 % of orange
crystals. Surprisingly, the so-formed crystals of 1 are hardly
soluble anymore in dichloromethane. The compound should be
stored under inert gas in a sealed container to prevent any
oxidation.

The copper(I) complex 1 crystallizes in the monoclinic space
group P21/c and a view of the molecular structure in the crystal
is shown in Figure 1. Selected bond lengths and angles of
compound 1 are listed in Table 1; crystal and structure refine-
ment data can be found in the Supporting Information. In the
cationic complex 1, two phosphine ligands bridge two copper(I)
ions, similar to the silver(I) hexafluoroantimonate compound of
the respective phosphine oxide previously reported by our
group, where oxygen takes over the coordination task of
phosphorus.[29] Similar to the previously reported phosphine

oxide ligand, the structure of the ligand in 1 can be compared
to a bird, where one ligand spreads both quinaldinyl substitu-
ents in an open-wing arrangement, whereas the other ligand
displays a closed-wing arrangement with a N3···N4 distance of
3.082(5) Å. The Cu1 atom exhibits a distorted square pyramidal
geometry with angles ranging from 83.3(1)–134.4(1)° and a τ5

value of 0.17.[30] The second copper(I) atom is tetracoordinated
by one nitrogen atom of one ligand and one nitrogen and
phosphorus atom of the other ligand and adopts a distorted
square planar geometry with angles ranging from 62.6(1)–
154.1(1)° and a τ4 value of 0.40.[31] Both copper atoms are very
close to each other (2.588(9) Å); regardless, the shortest Cu···Cu
distance in a phosphine complex was reported for a copper(I)
hexafluorophosphate complex salt of bis(pyridine-2-ylmeth-
yl)phenylphosphine with 2.488(12) Å.[32] The close proximity and
the resulting π-stacking interactions of the phenyl rings as well
as the quinaldinyl rings of the closed-wings ligand probably
allow for such close copper contacts (see also Figure S2 of the
Supporting Information). Furthermore, the Cu1� P1 (2.527(2) Å)
and Cu2� P1 distances are not equidistant and differ by 0.281 Å.
The Cu2� P2 distance of 3.333(1) Å is beyond a bonding
distance. The Cu2� P1 distance of 2.246(1) Å is typical for this
type of bond, and the same holds true for the Cu� N distances
of 1.982(4)–2.133(4) Å.

During the crystallization attempt of the latter copper(I)
compound in DCM, another compound [Cu4Cl3(bqmpp)2]BF4 (2)
with a different molecular structure formed in the crystallization
apparatus. It crystallizes in the monoclinic space group P21/n. A
view of the molecular structure of 2 in the crystal is shown in
Figure 2. How the formation of 2 occurred is still unclear. A
possible source for chloride atoms might come from the solvent
dichloromethane. In fact, in the crystal structure of 2, additional
electron density is observed, indicating the presence of
disordered dichloromethane molecules. However, the disorder
could not be resolved by an appropriate model (see Supporting

Scheme 1. Synthesis of the copper(I) compounds 1 and 2 including the
visualization of the binding mode in the crystal structures of the products.

Figure 1. Molecular structure of the dinuclear complex cation of compound
1 in the crystal; view of the asymmetric unit. Thermal ellipsoids are drawn at
50 % probability level. Dichloromethane molecules and BF4 anions are
omitted for clarity.

Figure 2. Molecular structure of cluster complex cation 2 in the crystal, view
of the asymmetric unit. Thermal ellipsoids are drawn at 50 % probability
level. Dichloromethane molecules and BF4 anions are omitted for clarity.
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Information). Selected bond lengths and angles of compound 2
are listed in Table 1, and crystal and structure refinement data
can be found in the Supporting Information.

All copper(I) atoms in the crystal structure of 2 adopt a
more or less distorted square pyramidal geometry with angles
ranging from 86.2(2)–128.5(2)° and a τ5 values between 0.04–
0.20.[30] The metal-metal distances (Cu1···Cu2 2.451(1) Å and
Cu3···Cu4 2.447(1) Å) in 2 are very short, even shorter than in
the previously mentioned copper(I) hexafluorophosphate com-
plex salt of bis(pyridine-2-ylmethyl)phenylphosphine.[32] The
coordination of both ligands in 2 occurs in an open-wing
manner. The Cu1� P1 and Cu2-P1 distances are very similar and
only differ by 0.016 Å, whereas the Cu3� P2 and Cu4� P2
distances differ by 0.138 Å. The Cu� N distances with an average
value of 2.020 Å are very similar to each other, with the
exception of Cu1� N1 (2.005 Å).

The highlight of this structure is the Cu4Cl3 distorted
triangular prism with an additional vertex on one edge (Cl1
atom). Such Cu4Cl3 clusters are very rare, and a similar structure
as observed in 2 has so far not been reported in the literature.[33]

The distortion of the triangular prism results from the
incorporation of chloride into the framework leading to diverse

Cu� Cl and Cu···Cu distances. The Cu� Cl distances (2.279(2)–
2.424(2) Å) are within the typical range for such distances. The
different units of 2 are connected through attractive π-
interactions between the quinaldinyl rings of neighboring
molecules in the crystal (see Figure S6 of the Supporting
Information).[34,35]

An analogous crystallization attempt using dibromome-
thane in order to prepare the respective bromine analogue only
yielded an orange, oily substance in the crystallization appara-
tus which was not further characterized.

For an attempted targeted synthesis of the complex unit in
2, phosphine bqmpp was dissolved in dry, degassed MeCN and
the resulting mixture was transferred to two equivalents of CuCl
dissolved in MeCN under inert gas using a cannula. After stirring
for 12 h at room temperature, a yellow to orange powder was
obtained. However, this resulting powder was found very poorly
soluble and all recrystallization attempts failed. Additionally,
powder diffraction data showed no agreement with simulated
data of 2 (see Figure S3 of the Supporting Information).

The silver(I) compound 3 is synthesized by dissolving
bqmpp in dry, degassed dichloromethane and transferring the
resulting mixture to the equivalent amount of Ag[SbF6]

Table 1. Selected bond lengths [Å] and angles [°] for compounds 1 and 2.

1
P1� Cu1 2.527(2) P2� C33 1.841(5)
P1� Cu2 2.246(1) P2� C43 1.848(5)
P2� Cu1 2.256(1) Cu1� N1 2.038(4)
P1� C1 1.814(5) Cu1� N3 2.133(4)
P1� C7 1.815(5) Cu2� N2 2.101(4)
P1� C17 1.839(5) Cu2� N4 1.982(4)
P2� C27 1.809(5) Cu1···Cu2 2.588(9)

C1� P1� C7 107.0(2) P1� Cu2� N2 88.5(1)
C1� P1� C17 102.8(2) P2� Cu1� N3 83.3(1)
C7� P1� C17 98.0(2) P2� Cu1� N1 134.4(1)
C27� P2� C33 105.7(2) Cu1� P1� Cu2 65.4(4)
C27� P2� C43 103.7(2) N1� Cu1� N3 110.9(2)
C33� P2� C43 101.8(2) N2� Cu2� N4 115.9(2)
P1� Cu1� N1 83.6(1)

2
P1� Cu1 2.377(2) Cu2� Cl1 2.294(2)
P1� Cu2 2.393(2) Cu3� N3 2.020(5)
P2� Cu3 2.314(2) Cu3� Cl2 2.382(2)
P2� Cu4 2.452(2) Cu3� Cl3 2.380(2)
P1� C1 1.815(8) Cu4� N4 2.019(5)
P1� C7 1.828(6) Cu4� Cl1 2.279(2)
P1� C17 1.843(6) Cu4� Cl2 2.415(2)
Cu1� N1 2.005(5) Cl2···H15 2.849(1)
Cu1� Cl2 2.435(2) Cl3···H25 2.850(2)
Cu1� Cl3 2.383(2) Cl2···H51 2.801(2)
Cu2� N2 2.021(5) Cu1···Cu2 2.451(1)
Cu2� Cl3 2.424(2) Cu3···Cu4 2.447(1)

C1� P1� C7 104.6(4) Cu1� P1� Cu2 61.9(5)
C1� P1� C17 100.9(3) Cu3� P2� Cu4 61.7(5)
C7� P1� C17 100.0(3) Cu1� Cl3� Cu2 61.3(5)
C27� P2� C33 102.3(3) Cu3� Cl2� Cu4 61.3(5)
C27� P2� C43 103.2(3) Cu2� Cl1� Cu4 93.7(6)
C33� P2� C43 99.7(3) N1� Cu1� Cl2 114.1(2)
P1� Cu1� N1 87.4(2) N2� Cu2� Cl1 117.5(2)
P1� Cu2� N2 87.6(2) N3� Cu3� Cl2 128.5(2)
P2� Cu3� N3 88.4(2) N4� Cu4� Cl1 117.9(4)
P2� Cu4� N4 86.2(2)
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dissolved in MeCN using a cannula. After stirring at room
temperature for 12 h, the Ag(I) compound 3 is obtained as an
orange oil after removal of all volatiles. Crystallization attempts
to obtain a suitable single-crystal of 3 for X-ray diffraction have
so far proven unsuccessful. However, during one of those
attempts diffusing diethyl ether into a solution of compound 3
in MeCN, the crystal structure of the formed compound
revealed a bisphosphine as the ligand (see Scheme 2 and
Figure 3). Apparently, Ag[SbF6] can react with the phosphine in
a side reaction whereby compound 4, containing silver(I)
coordinating to tris(quinolin-2-ylmethyl)bisphenyl-phosphine
(tqmbp), is obtained. The formation of bisphosphines is very
uncommon and a similar reaction behavior was not to be found
in the literature. In this case the formation of the bisphosphine
ligand involves the elimination of quinaldine, which is con-
firmed by NMR spectroscopy (see Supporting Information).
Compound 4 is air-sensitive and should be stored under inert
gas.

A targeted synthesis of tqmbp was attempted using differ-
ent synthetical routes. Although NMR data indicates a success-
ful synthesis of tqmbp in one case (δ= � 14.1 ppm), so far none
of the attempted strategies yielded a satisfactory result. A
discussion on this topic can be found in the Supporting
Information.

The silver(I) compound 4 crystallizes in the triclinic space
group P= � 1 and its molecular structure in the crystal is shown
in Figure 3. Selected bond lengths and angles of compound 4
are listed in Table 2; crystal and structure refinement data can
be found in the Supporting Information. The dinuclear cationic
complex possesses an inversion center which lies in the middle
of the Ag1� Ag1i vector. The silver(I) atom Ag1 adopts a
distorted square pyramidal geometry with angles ranging from
69.8(3)–152.4(2)° and a τ5 value of 0.22.[30] The distance between
both Ag atoms (3.221(2) Å) is shorter than the sum of van der

Scheme 2. Probable synthetic route for the formation of the silver(I)
complexes 3 and 4. Visualization of the suspected binding of 3 (left) and the
actual binding mode in the crystal structure of 4 (right).

Figure 3. Molecular structure of the cationic complex of 4 in the crystal, view
of the asymmetric unit. Thermal ellipsoids are drawn at 50 % probability
level. Anions are omitted for clarity. Symmetry code: i= 2= � x, 2= � y,
1= � z.

Table 2. Selected bond lengths [Å] and angles [°] for compounds 4 and 5.

4 (symmetry code: i= 2� x, 2� y, 1� z)
P1� Ag1 2.410(4) P2� C27 1.818(1)
P2� Ag1 2.437(3) P2� C33 1.835(1)
P1� C1 1.845(1) Ag1� N1 2.676(2)
P1� C7 1.821(1) Ag1� N2 2.635(1)
P1� C17 1.865(1) Ag1···N3 3.871(8)
P2� C17 1.861(1) Ag1···Ag1i 3.221(2)

Ag1� P1� C1 114.7(4) P1� Ag1� N1 69.8(3)
Ag1� P1� C7 106.3(4) P1� Ag1� N2 131.4(2)
Ag1� P1� C17 123.5(4) N1� Ag1� N2 96.1(4)
C1� P1� C7 100.5(6) P1� Ag1� Ag1i 79.9(9)
C1� P1� C17 103.6(6) N1� Ag1� Ag1i 139.4(3)
C7� P1� C17 105.7(5) P2� Ag1� Ag1i 91.8(9)
P1� Ag1� P2 152.4(1)

5 (symmetry code: i= � x, 1� y, � z)
P1� C1 1.808(2) P1� Au1 2.306(5)
P1� C7 1.830(2) Au1···N1 3.481(2)
P1� C17 1.831(2) Au1···N2 3.610(2)

C1� P1� C7 105.5(1) C7� P1� Au1 113.0(7)
C1� P1� C17 106.1(1) C17� P1� Au1 114.8(8)
C7� P1� C17 104.1(1) P1� Au1� P1i 180.0
C1� P1� Au1 112.6(7)
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Waals radii (3.44 Å),[36] but rather long compared to standard
Ag� Ag distances, which are around 3.0 Å. In contrast, the Ag� N
bonds are within the normal range (Ag1� N1 2.676(2) Å, Ag1� N2
2.635(1) Å). The Ag1� P1 and Ag1� P2 distances are very similar
and only differ by 0.027 Å.

The Ag1···N3i distance of 3.871(8) Å and the Ag1···P1i

distance of 3.671(4) Å are beyond a bonding distance. The
different units of 4 are connected through attractive π-
interactions between the quinaldinyl rings of neighboring
molecules in the crystal with an averaged distance of 3.4 Å
(Figure S4).[34,35]

For the synthesis of gold(I) complex 5, two equivalents of
bqmpp were dissolved in dry, degassed dichloromethane and
the resulting mixture was transferred to one equivalent of
[AuCl(tht)] (tht= tetrahydrothiophene) under inert gas using a
cannula. Solid potassium hexafluorophosphate was added to
the mixture to remove chloride and to form the gold(I)
compound 5 containing the non-coordinating hexafluorophos-
phate anion (see Scheme 3 for details). After filtration, the
remaining solvent was removed and gold(I) complex 5 was
obtained as a yellow powder. Compound 5 can be recrystallized
by diffusion of diethyl ether into a solution of compound 5 in
dichloromethane yielding 80 % of crystalline 5. Compound 5
should be stored under inert gas and with exclusion of light.

The gold(I) compound 5 crystallizes in the triclinic space
group P= � 1 with one formula unit in the unit cell (Figure 4).

Selected bond lengths and angles of compound 5 are listed in
Table 2; crystal and structure refinement data can be found in
the Supporting Information. The cationic complex of 5
possesses an inversion center at Au1. The gold(I) atom is
coordinated by the two phosphorus atoms in a linear arrange-
ment. The Au1� P1 distance 2.306(5) Å falls within the normal
range.

The Au1···N distances of 3.481(2) Å and 3.610(2) Å are
beyond a bonding distance. The different units of 5 are
connected through attractive π-interactions between the
quinaldinyl rings of neighboring molecules in the crystal with
an averaged distance of 3.7 Å (Figure S5).[34,35]

2.2. Characterization of the Compounds by NMR
Spectroscopy

Due to different solubilities, NMR spectra of the complexes
were recorded in different solvents. The 31P{1H} NMR spectrum
of 1 in CD3CN shows only one signal at � 14.0 ppm. The
coordination of the ligand seems not to affect δ31P of the latter
(δ31P= � 14.0 ppm) and only results in a strong broadening of
the signal (Δν1/2 =300 Hz). Coordination of the ligand to
copper(I) becomes evident in the splitting pattern of the
diastereotopic protons of the CH2 groups in the 1H NMR
spectrum (Figure 5). The CH2 group in 1 shows larger 2JPH

Scheme 3. Synthesis of the gold(I) compound 5 and visualization of the
binding mode in the crystal structure of the product.

Figure 4. Molecular structure of the complex cation of compound 5 in the
crystal, view of the centrosymmetric molecule present in the unit cell.
Thermal ellipsoids are drawn at 50 % probability level. The PF6 anion is
omitted for clarity. Symmetry code: i= = � x, 1 = � y, = � z.

Figure 5. Comparison of the signals for the CH2 group in the 1H NMR spectra
of the free ligand (top) and 1 (bottom) in CD3CN.
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couplings (6 and 8 Hz), which is in accordance with the
increased coordination number of phosphorus, in comparison
to the ligand, which shows a 2JPH coupling of 1.4 Hz.

The 31P{1H} NMR spectrum of 3 in CD3CN shows a
phosphorus resonance at 12.2 ppm (Δν1/2 =60 Hz) and is shifted
to higher frequencies when compared to the free ligand (Δδ=

22.8 ppm). However, the 31P{1H} NMR spectrum of 3 in CD2Cl2
shows a phosphorus resonance at 6.8 ppm (Δν1/2 =400 Hz;
shifted to higher frequencies when compared to the free ligand
by Δδ=17.4 ppm). When lowering the temperature to � 80 °C,
the signal of the silver(I) complex in the 31P{1H} NMR in CD2Cl2 is
split into a triplet (Figure 6, left). The splitting of the signal
becomes already visible at RT (see Supporting Information) and
is caused by the coupling of phosphorus to silver(I) with a
coupling constant of 1JPAg =250 Hz at � 80 °C. The fine coupling
to both NMR-active nuclei of silver (107Ag and 109Ag) is not
resolved; only the averaged signal is visible due to the dynamics
of compound 3 in solution.

This silver-phosphorus coupling constant indicates a tetra-
coordinated silver(I) cation in solution of which a possible
structure is shown in Figure 6.[37–39]

The 31P{1H} NMR spectrum of 4 in CD3CN shows a
phosphorus resonance at 11.4 ppm (Δν1/2 =66 Hz; Δδ=

22.8 ppm compared to the free ligand).
For the gold(I) compound 5 in CD2Cl2, the 31P{1H} NMR

spectrum displays a phosphorus resonance at 36.4 ppm (Δν1/2 =

45 Hz). Compared to the free ligand, the signal is shifted to
higher frequencies (Δδ=50.4 ppm). This change in chemical
shift is common for gold(I) complexes of phosphines.[40]

All complexes show a broad phosphorus resonance in the
31P NMR spectrum at room temperature, indicating a dynamic
behavior in solution similar to the complexes of the respective
phosphine oxide published previously by our group.[29] The
reason for the dynamics can be explained similarly and is most
likely due to a rapid movement of the quinaldinyl rings in

solution at room temperature. The corresponding variable
temperature NMR spectra of compounds 1, 3 and 5 are shown
in the Supporting Information.

A total dissociation of the metal complexes can be ruled out
as no signal for the free ligand can be observed in the NMR
spectra. However, the structure of the complexes in solution
might not be the same as in the solid state. Interestingly, the
line spacing of the isotopic patterns of 1 and 3 in the
corresponding high-resolution mass spectra suggests a mono-
nuclear form for both compounds, respectively (Figures S4 and
S5). In addition, the peaks for both complexes with one
additional molecule of acetonitrile (for 1 [C26H21CuN2P]+ :
496.10018 m/z; for 3 [C26H22

109AgN2P+MeCN]+ : 540.07557 m/z)
can be detected. This might indicate a mononuclear form for 1
and 3 in MeCN with solvent molecules occupying the free
coordination sites. For the DCM solution of complex 3, however,
a mononuclear form would imply a very unusual coordination
geometry around the AgI core (CN of 2 or 3) with large
repulsion between both quinaldinyl rings of the ligand. There-
fore, the triplet in the 31P{1H} NMR spectrum of 3 in CD2Cl2
comes as no surprise.

3. Conclusion

The new compounds 1–5, that were formed utilizing CuI, AgI

and AuI salts, demonstrate the coordination versatility of the
bis(quinoline-2-ylmethyl)phenylphosphine (bqmpp) ligand to-
wards coinage metals. With this ligand, very short Cu···Cu
distances in the copper(I) complexes are supported. The steric
demand and the possibility of π-stacking of the quinaldinyl
rings facilitate the existence of these short contacts. Compound
2 contains a rarely observed Cu4Cl3 cluster unit with a distorted
trigonal prism, in which one edge is capped by a chlorido
ligand. The formation of 2 is probably induced by the presence
of DCM as the solvent. The unexpected formation of
tris(quinoline-2-ylmethyl)bisphenyl-phosphine (tqmbp) during
the synthesis of the silver(I) compound 4 impressively shows
the manifold reaction possibilities offered by the bqmpp ligand.
A first step was made towards a targeted synthesis of the
observed bisphosphine. In 4, a weak argentophilic interaction is
observed between the two silver(I) ions. The Au(I) compound 5
completes the series of coinage group one complexes with
bqmpp and shows the usually expected composition and
molecular geometry of similar constituted gold(I) complexes.

Experimental Section
General Procedures: All compounds were handled under exclusion
of moisture and oxygen in a protecting argon atmosphere using
Schlenk techniques. Unless otherwise specified, all reagents and
solvents were purchased from commercial sources and used as
received. Complex [AuCl(tht)][41] and ligand C26H21N2P

[29] were
prepared according to literature procedures. The solvents used
were dried, freshly distilled and degassed prior to use. As drying
agents SICAPENT® was used for acetonitrile and sodium for diethyl
ether. DCM was distilled from CaH2 under a nitrogen atmosphere.

Figure 6. 31P NMR spectrum of 3 in CD2Cl2 at � 80 °C visualizing the coupling
of phosphorus to both silver(I) atoms (left) and a possible molecular
structure of 3 in solution (right).
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The deuterated solvents CD2Cl2 and CD3CN were distilled and
stored over molecular sieves under an argon atmosphere. NMR
spectra were recorded with a Bruker Avance III spectrometer
operating at 400.1 MHz (1H), 376.4 MHz (19F), 161.9 MHz (31P),
128.4 MHz (11B) and 100.6 MHz (13C). Chemical shifts are referenced
to TMS (1H, 13C), 85 % H3PO4 (31P), CCl3F (19F) and BF3 in Et2O (11B) as
external standards. All spectra were measured, if not mentioned
otherwise, at 25 °C. The assignment of the signals is based on 2D
(1H1H-COSY, 1H13C-HSQC and 1H13C-HMBC) NMR experiments. Cou-
pling constant (J) values are given in Hertz (Hz). The multiplicity of
each resonance observed in the NMR spectra is reported as s=

singlet; d= doublet; t= triplet; q= quartet; m= multiplet. ESI meas-
urements were conducted using a Thermo Finnigan LTQ FT Ultra
Fourier Transform Ion Cyclotron Resonance Mass Spectrometer.

Synthesis

[Cu2(bqmpp)2](BF4)2 (1): A solution of bis(quinoline-2-ylmeth-
yl)phenyl-phosphine (bqmpp) (0.286 g, 0.728 mmol) in dry
acetonitrile (20 mL) was added to [Cu(MeCN)4]BF4 (0.229 g,
0.728 mmol) and stirred for 12 h. The solution turned orange. The
solvent was removed and the remaining residue dissolved in dry,
degassed dichloromethane. After removal of all volatiles, 1 was
obtained as an orange powder. Crystallization from DCM yielded an
orange microcrystalline solid. Crystalline yield: 0.291 g, 74 %.

1H NMR (CD3CN, 400 MHz): δ [ppm]= ABX spin system (A=B=H,
X= P) 3.81 (dd, 2H, 2JBX = 5.8 Hz, 2JAB = 15.3 Hz, H11), 4.08 (dd, 2H,
2JAX =8.0 Hz, 2JAB =15.4 Hz, H11), 7.32 (d, 2H, 3JHH =8.5 Hz, H9), 7.37
(t, 2H, 3JHH =7.4 Hz, H2), 7.45 (m, 3H, H14, H2), 7.52 (t, 2H, 3JHH =

7.5 Hz, H1), 7.64 (t, 2H, 3JHH =8.7 Hz, H13), 7.75 (dd, 2H, 3JHH = 8.1 Hz,
4JHH =1.6 Hz, H3), 7.78 (d, 2H, 3JHH = 8.5 Hz, H6), 8.07 (d, 2H, 3JHH =

8.4 Hz, H10). 13C{1H} (CD3CN, 101 MHz) δ [ppm] =38.5 (d, 1JCP =

15.4 Hz, C11), 123.7 (d, 3JCP = 3.7 Hz, C9), 127.5 (s, C2), 127.9 (d,
2JCP = 1.3 Hz, C8), 128.9 (s, C3), 129.1 (s, C6), 129.9 (d, 3JCP = 9.1 Hz,
C14), 131.1 (s, C1), 131.5 (d, 4JCP =1.0 Hz, C15), 133.3 (d, 2JCP =

15.6 Hz, C13), 138.5 (s, C10), 147.5 (s, C5), 159.0 (s, C4). A signal for
C12 could not be observed. 31P{1H} (CD3CN, 162 MHz) δ [ppm]=

� 14.0 (s). 11B{1H} (CD3CN, 128 MHz) δ [ppm] = � 1.4 (s). +ESI HRMS
(CH3CN/H2O) for [C26H21CuN2P]+ : calcd. 455.0738 m/z; found
455.0733 m/z.

[Ag2(bqmpp)2](SbF6)2 (3): A solution of bqmpp (0.224 g,
0.570 mmol) in dry acetonitrile (15 mL) was added to solid AgSbF6

(0.196 g, 0.570 mmol) and the resulting mixture was stirred for 12 h.
The solution turned orange and cloudy. After removal of all
volatiles under vacuum, 3 was obtained as a light orange oil. Yield:
0.341 g, 84 %.

1H NMR (CD3CN, 400 MHz): δ [ppm]= ABX spin system (A=B=H,
X= P) 4.17 (dd, 2H, 2JBX = 8.8 Hz, 2JAB = 14.4 Hz, H11), 4.26 (dd, 2H,
2JAX =7.9 Hz, 2JAB = 14.4 Hz, H11), 7.21 (t, 2H, 3JHH =7.4 Hz, H1), 7.35
(t, 2H, 3JHH =7.2 Hz, H2), 7.48 (m, 3H, H14, H9), 7.55 (d, 3H, 3JHH =

7.8 Hz, H6, H15), 7.73 (d, 2H, 3JHH =8.2 Hz, 4JHH =1.1 Hz, H3), 7.82 (m,
2H, H13), 8.21 (d, 2H, 3JHH =8.4 Hz, H10). 1H NMR (CD2Cl2, 400 MHz):
δ [ppm] =ABX spin system (A= B=H, X =P) 4.33 (d, 2H, 2JAB =

13.8 Hz, H11), 4.49 (d, 2H, 2JAB =13.0 Hz, H11), 7.11 (t, 2H, 3JHH =

7.3 Hz, H1), 7.32 (t, 2H, 3JHH =7.7 Hz, H2), 7.49 (t, 2H, 3JHH = 6.6 Hz,
H9), 7.65 (d, 2H, 3JHH =8.2 Hz, H3), 7.70 (m, 2H, H6), 8.12 (d, 2H,
3JHH =8.3 Hz, H10). 13C{1H} (CD3CN, 101 MHz) δ [ppm]= 38.7 (d,
1JCP = 14.8 Hz, C11), 124.3 (d, 3JCP = 3.3 Hz, C9), 128.0 (d, 6JCP = 0.8 Hz,
C2), 128.2 (d, 2JCP =2.6 Hz, C8), 128.6 (d, 6JCP =0.6 Hz, C6), 129.0 (d,
1JCP = 68.1 Hz, C12), 129.1 (d, 5JCP = 0.8 Hz, C3), 130.4 (d, 3JCP =

10.1 Hz, C14), 131.6 (s, C1), 133.0 (d, 4JCP =1.9 Hz, C15), 134.1 (d,
2JCP = 16.3 Hz, C13), 140.0 (s, C10), 147.5 (s, C5), 158.1 (d, 4JCP =

1.2 Hz, C4). 13C{1H} (CD2Cl2, 101 MHz) δ [ppm]= 39.6 (s, C11), 124.1
(s, C9), 127.6 (s, C2), 127.8 (s, C8), 127.9 (s, C6), 128.7 (s, C3), 128.9
(d, 1JCP =17.4 Hz, C12), 130.2 (s, C14), 131.6 (s, C1), 133.1 (s, C15),
133.5 (s, C13), 140.4 (s, C10), 146.2 (s, C5), 157.1 (s, C4). 31P{1H}
(CD3CN, 162 MHz) δ [ppm] =12.2 (s). 31P{1H} (CD2Cl2, 162 MHz) δ
[ppm] =6.8 (t, 1JPAg =218 Hz, 200 Hz). 19F{1H} (CD3CN, 376 MHz) δ
[ppm] = � 125.6 (m, 1JFSb =1935 Hz). +ESI HRMS (CH3CN/H2O) for
[C26H22

109AgN2P]+ : calcd. 501.0490 m/z; found 501.0486 m/z. An EA
measurement was not possible due to the presence of Sb.

[Ag2(tqmbp)2](SbF6)2 (4): 31P{1H} (CD3CN, 162 MHz) δ [ppm] =11.4
(s). + ESI HRMS (CH3CN/H2O) for [C42H33

107AgN3P2]
+ : calcd.

748.1201 m/z; found 748.1685 m/z. An EA measurement was not
possible due to the presence of Sb.

[Au2(bqmpp)2]PF6 (5): [AuCl(tht)] was prepared according to
literature procedures.[33] A solution of bqmpp (0.100 g, 0.250 mmol)
in dry dichloromethane (2 mL) was added to [AuCl(tht)] (0.040 g,
0.125 mmol) dissolved in dichloromethane (1 mL). After stirring for
20 min, KPF6 (0.023 g, 0.125 mmol) was added to the solution to
precipitate KCl. The reaction mixture was filtered and the solvent
was removed in vacuo. A yellow solid was obtained. Crystallization
from DCM yielded a yellow microcrystalline solid. Crystalline yield:
0.146 g, 80 %.

1H NMR (CD2Cl2, 400 MHz): δ [ppm]= ABX spin system (A=B=H,
X=P) 3.97 (d, 2H, 2JAB =15.1 Hz, H11), 4.26 (d, 2H, 2JAB =15.1 Hz,
H11), 7.09 (s, 2H, H9), 7.29 (t, 2H, 3JHH = 7.5 Hz, H2), 7.44 (m, 2H, H1),
7.49 (m, 2H, H13), 7.52 (s, 3H, H3, H15), 7.67 (m, 4H, H6, H14), 7.83
(d, 2H, 3JHH =8.3 Hz, H10). 13C{1H} (CD2Cl2, 101 MHz) δ [ppm] =37.4
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(s, C11), 122.4 (s, C9), 127.1 (d, 2JCP = 8.5 Hz, C8), 128.1 (s, C6), 128.6
(s, C15), 128.7 (s, C3), 129.5 (s, C2), 130.3 (s, C1), 132.6 (s, C13), 133.7
(s, C14), 137.2 (s, C10), 147.5 (s, C5), 154.7 (s, C4). A signal for C12
could not be observed. 31P{1H} (CD2Cl2, 162 MHz) δ [ppm]= 36.4 (s),
� 143.8 (sept, 1JPF =710 Hz, PF6

-). 19F{1H} (CD2Cl2, 376 MHz) δ [ppm]=

� 73.6 (d, 1JPF =710 Hz). + ESI HRMS (CH3CN/H2O) for [C26H21AuN2P]+

: calcd. 981.2550 m/z; found 981.2567 m/z.

X-ray Crystallographic Studies: Detailed crystal and structure
refinement data as well as additional figures are provided in the
Supporting Information. Deposition Numbers href=https://
www.ccdc.cam.ac.uk/services/structures?id=doi: 10.1002/
open.202100224 2084633 (for bqmpp), 2072267 (for 1), 2072269
(for 2), 2072268 (for 3), 2072266 (for 5) contain the supplementary
crystallographic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe href=http://www.ccdc.cam.a-
c.uk/structures Access Structures service.

Associated Content: Structure refinement data, NMR spectra of
compounds 1, 3, 4 and 5.
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