
Binuclear Complexes Supported by a Tetrapyridyl Ligand with a
Bending Anthraquinodimethane Linker
Takahiro Iwamoto,* Yuta Sotome, and Youichi Ishii*

Cite This: ACS Org. Inorg. Au 2023, 3, 305−311 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: A tetrapyridyl ligand with a bending anthraquinodimethane linker
has been synthesized, and its complexation with coinage metals has been
examined. The treatment of the ligand with Ag(I) and Au(I) cations afforded
binuclear complexes, wherein the two metal centers were in close proximity to the
inside space of the ligand. X-ray analyses corroborated with theoretical calculations
indicated that the ligand has reasonable flexibility toward a bending deformation of
the linker moiety to provide a ligand pocket suitable for the proximal binuclear
complexes, even though such deformations accompany a non-negligible amount of
energetic cost. On the other hand, treatment with 2 equiv of Cu(I) salt afforded a binuclear complex, in which both copper atoms
were coordinated at the periphery of the ligand.
KEYWORDS: binuclear complex, gold, silver, copper, anthraquinodimethane

■ INTRODUCTION
Binuclear complexes containing two metal atoms in close
proximity have gained considerable attention due to their
potential to enable unique molecular transformations, which
are otherwise infeasible, through synergistic metal−metal
effects.1 Studies on binuclear systems have been performed
for decades in transition metal chemistry, and many of them
have made use of binucleating ligands with μ-coordinating
atoms/functionalities or a macrocyclic pocket to accumulate
metal atoms.2 More recent investigations from a synthetic
viewpoint have been focused on bimetallic systems based on
the design of elaborated binucleating ligands. One prevailing
ligand design is construction of a well-organized ligand pocket
to hold a binuclear center, thereby leading to the emergence of
useful ligands for robust yet reactive proximal binuclear
systems (Figure 1).1e Ligands based on 1,8-naphthyridine
bearing donor units at the 2,7-positions represent one of the
most useful scaffolds to create a variety of binuclear complexes
including hetero-binuclear systems, and these complexes were
found to exhibit unusual reactivity by cooperation of two
metals.3−5 Other recent examples include bidentate ligands
with a p-terphenyl linker, which feature a arene−metal
interaction stabilizing a binuclear core with a range of
electronic states.6 Furthermore, redox-active pyridinediimine
ligands bridged by alkyl linkers have been reported, and the
flexible alkyl linkers allow for dynamic changes in metal−metal
distances.7 These studies highlighted that the linker design is
crucial not only for the construction of defined binuclear
systems but also as a tunable factor to affect the extent of the
metal−metal interaction and directly perturb the properties of
the metal centers.

Overcrowded ethylenes have long been known to show out-
of-plane structural deformation caused by severe steric
hindrance. Tetraaryl-substituted anthraquinodimethane deriv-
atives are among this type of compounds, most of which adopt
a boat-like folded conformation in their ground state.8 Such
nonplanar bending geometries would provide an attractive
scaffold to construct a three-dimensional coordination environ-
ment consisting of a conjugated system. However, to the best
of our knowledge, no example has been known for binucleating
ligands using an anthraquinodimethane linker. In this study, we
have designed tetrapyridyl ligand 1 possessing an anthraqui-
nodimethane linker (Figure 1b). Its complexations with
coinage metals have been examined as a benchmark study to
reveal the ability to construct a proximal binuclear system.

■ RESULTS AND DISCUSSION
The synthesis of ligand 1 was carried out by Stille coupling of
11,11,12,12-tetrabromo-9,10-anthraquinodimethane with 2-
(tributylstannyl)pyridine (for details, see the Experimental
Section).8 An X-ray diffraction study revealed that ligand 1 has
a bent geometry for the anthraquinodimethane unit, in which
the bent angles of 140.7(1) and 141.3(1)° are comparable with
those of similar types of tetraarylanthraquinodimethanes
(Figure 2). As a result of the bending geometry of the
anthraquinodimethane unit, two nitrogen atoms (N1, N3) of
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the pyridyl groups pointing inward are located 4.910(2) Å
apart from each other. One of the pyridyl rings in each
(pyridyl)2C end group points inward, and the other outward in
the solid state. On the other hand, in solution, the sharp and
C2v symmetric 1H NMR spectrum of 1 indicates free rotation
of the pyridyl groups.
Ligand 1 was first subjected to complexation with AgOTf in

acetonitrile. Treatment of ligand 1 with 2 equiv of AgOTf in
acetonitrile provided a single product judging from 1H NMR
analysis. In the 1H NMR spectrum of the resulting complex,
four pyridyl groups were observed equivalently, and signals for
the hydrogen atoms H1, H2, and H3 (the atom labeling is
shown in Figure 3) were shifted to a lower magnetic field by
0.17−0.24 ppm in comparison with those of the parent ligand.
Recrystallization from (CH3)2CO/Et2O afforded complex
2(OCMe2) as colorless crystals. Crystals of 2(OCMe2) gave
off the acetone molecule on drying under vacuum, and the 1H
NMR spectrum of the dried sample revealed the absence of
coordinated molecules such as acetone and water.
Single crystals suitable for X-ray analysis were obtained by

layering an acetone solution of the complex with chlor-
obenzene (Figure 4a). The solid-state structure featured two
silver atoms in close proximity, which are supported inside the
ligand scaffold. Argentophilic interaction was corroborated by
the Ag−Ag distance of 3.155(4) Å, which was shorter than the

sum of their van der Waals radii (3.44 Å) and lie within the
range of previously observed argentophilic interaction (2.71−
3.65 Å).9 A disordered silver atom was observed on the site of
one silver atom (Ag1) with an occupancy of 8% (see the
Supporting Information), and the Ag1disordered−Ag2 distance
was 3.50(3) Å. Each silver atom is coordinated with two
pyridyl moieties in a pseudo-trans fashion (N−Ag−N angles =
157.2(1) and 145.6(2)°), and the resulting binuclear core is
bridged by one acetone molecule. Moreover, one silver atom
(Ag1) was coordinated with the counteranion. There is little
interaction between the silver centers and the anthraquinodi-
methane unit, judging from the shortest Ag−C distance of
3.121(5) Å.10 This complexation inside the ligand scaffold
induces deformation of the anthraquinodimethane core; the
bent angles were found to be 137.9(3) and 138.3(3)° in
complex 2(OCMe2), which are smaller than those of the free
ligand (right side). Such deformation results in the decrease of
the distances between two pyridine units (N···N = 4.297(3)
and 4.227(4) Å), which allows for the present coordination in
a pseudo-trans fashion.
The above-mentioned type of μ2-solvent coordination

toward a binuclear silver core has been known in several
reports,11 some of which showed that the solvent bridge
helped to hold the Ag2 core. To clarify the effect of solvent
coordination on the formation of the present bimetallic
complex, we examined the synthesis of a bimetallic Ag

Figure 1. Ligand pockets for bimetallic complexes containing two metals in close proximity.

Figure 2. Solid-state structure of ligand 1 with thermal ellipsoids at
50% probability. Hydrogen atoms are omitted for clarity. C: gray and
N: purple.

Figure 3. Complexation of ligand 1 with AgOTf.
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complex without a bridging molecule. Instead of AgOTf, the
use of AgNO3 was found to provide a similar type of binuclear
silver complex, in which two NO3 anions coordinated to the
respective silver centers to prevent solvent bridging (Figure
4b). In this case, the Ag−Ag distance is slightly longer than
that of complex 1, yet is still within the range of argentophilic
interaction (Ag−Ag = 3.2670(5) Å). Therefore, we found that
ligand 1 can hold the Ag2 core even in the absence of the
assistance of a bridging molecule.
Ligand 1 also proved to be suitable for the synthesis of a

binuclear gold complex (Figure 5). The treatment of ligand 1

with 2.0 equiv of [AuCl(SMe2)2] in CH2Cl2 followed by anion
exchange with AgOTf resulted in quantitative formation of
binuclear gold complex 3. Note that the reaction outcome is
significantly affected by the synthetic procedure probably due
to the practical issue at the generation of a cationic Au
species;12 when a CH2Cl2 solution of [AuCl(SMe2)2] is first
treated with AgOTf and then allowed to react with 1, the yield
of 3 was much lower (50% NMR yield), and formation of an
unidentified byproduct was observed.
A crystallographic study revealed that both two gold atoms

are located inside the ligand pocket; however, unlike 2, the
Au−Au distance of 3.5386(6) Å is longer than the sum of their

van der Waals radii (3.32 Å) as well as the common aurophilic
interaction distances (2.50−3.50 Å).13 Thus, the aurophilic
interaction within the binuclear core of 3 would be of small
importance. Instead, an intermolecular aurophilic interaction
along with π−π interactions between pyridyl units is observed
in a stacked arrangement (Figure 6b). As observed for complex

2, the bent angle of the anthraquinodimethane unit decreased
to 134.8(4) and 135.8(4)° from those of the parent ligand, and
thus, induced-fit complexation accompanying the bending
deformation works effectively. Since 1H NMR analysis of the
complex showed that all pyridyl units were equivalent even at
−40 °C, the dimeric structure of 3 with intermolecular Au−Au
interaction is considered to be labile in solution.
Complexation with 2.0 equiv of [Cu(Me3CN)4]BF4 in

acetonitrile was finally examined to afford binuclear copper
complex 4 (Figure 7). X-ray analysis indicated that the

coordination site in 4 is completely different from those of 2
and 3 (Figure 8). Each copper atom is located at the periphery
of ligand 1 and subjected to coordination by the two
neighboring pyridyl units to form a 6-membered chelate with
a boat-like conformation. In addition, the coordination of two
acetonitrile molecules results in a distorted tetrahedral
geometry of the copper centers (τ4 = 0.84 for Cu1 and 0.88

Figure 4. Solid-state structure of (a) complex 2(OCMe2) and (b) 1·
(AgNO3)2 with thermal ellipsoids at 50% probability. Counteranions
are omitted for clarity in the side view of complex 2(OCMe2). C:
gray, N: blue, Ag: orange, O: red, S: deep blue, and F: green.

Figure 5. Synthesis of binuclear gold complex 3.

Figure 6. (a) Solid-state structure of complex 3 with thermal
ellipsoids at 50% probability. Hydrogen atoms and counteranions are
omitted for clarity. C: gray, N: blue, and Au: yellow. (b)
Intermolecular aurophilic interaction in 3.

Figure 7. Synthesis of binuclear copper complex 4.
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for Cu2).14 Unlike complexes 2 and 3, the bent angles of the
anthraquinodimethane moiety become slightly larger than
those of ligand 1 (144.1(3) and 144.7(3)°). Although the
observed outward coordination might be induced by the
coordination of acetonitrile molecules, the examination of less
coordinating solvents was hampered due to the low solubility
of complex 4 in such solvents (CH2Cl2, THF, and MeOH).
It is noteworthy that silver complex 2 likely shows bimodal

coordination behavior in solution judging from the comparison
of the 1H NMR spectra of complexes 2−4; the 1H NMR
spectra of complex 2 in the coordinating CD3CN solvent are
highly similar to those of copper complex 4, while in less
coordinating solvents such as CD3OD, complex 2 exhibits
NMR spectra similar to those of complex 3 (see the
Supporting Information). Therefore, we believe that silver
complex 2 switches the inward and outward coordination
modes depending on the coordinating ability of the solvent. In
the case of gold and copper complexes, such bimodal
coordination behavior has not been observed.
To gain an insight into the coordination modes, we assessed

the structural parameters of silver, gold, and copper complexes
by DFT calculations at the B3LYP-GD3BJ/6-311G**-SDD
level of theory. Notably, calculations with the treatment of
acetonitrile as an implicit solvent by the SMD model showed
that a proximal binuclear structure was more stable than the
corresponding distal binuclear structures in the case of all
metals (see the Supporting Information). On the other hand,
calculations with the treatment of acetonitrile as an explicit
solvent provided different results; the outward coordination is
more thermodynamically favorable than the inward coordina-
tion for silver and copper complexes (ΔG = 22.4 and 27.4
kcal/mol, respectively), while the inward structure is more
stable than the outward one with a ΔG of 0.4 kcal/mol for the
gold complex. In these calculations, with the consideration of
acetonitrile coordinations, the optimized gold complex with
the distal binuclear structure contains two coordinated
acetonitrile molecules, whereas coordinations of four acetoni-
trile molecules are found in the distal silver and copper
complexes. Thus, the difference in the coordination numbers
dramatically affects the stability of the outward complex,
though the number of coordination molecules still remains
obscure from the experimental viewpoint.
The optimized proximal binuclear structures of Ag and Au

complexes were almost identical to that obtained by X-ray
analyses, and slight differences in several structural parameters
may be ascribed to the packing effect in the crystal state
(Figure 9). Of importance, the bent angle of the
anthraquinodimethane unit is almost identical to that obtained
by X-ray analyses. Energy costs for such structural

deformations were estimated by single-point energy calcu-
lations of the ligand moiety in the complexes. The obtained
energy costs for silver and gold complexes are 15.9 and 20.0
kcal/mol, respectively, and these non-negligible amounts of
energy costs may be attributed to the rigid structure of a
conjugated anthraquinodimethane unit consisting of sp2
carbons. Nonetheless, the present study revealed that
anthraquinodimethane-based ligand 1 has reasonable flexibility
toward the bending deformation to thereby provide a ligand
pocket suitable to access the proximal bimetallic complexes.
In the case of the copper complex, a similar binuclear

structure was estimated, whose Cu−Cu distance of 2.75 Å is
close to twice the van der Waals radius (2.80 Å). Owing to the
smaller atomic radius of the copper atom, formation of a
proximal binuclear complex requires a smaller ligand pocket in
comparison to the silver and gold complexes, as shown by the
shorter Cu−N bond, the closer N1···N2 separation, and the
smaller bent angle of the anthraquinodimethane unit.
However, the deformation energy is lower than that in the
gold complex. Thus, the energy costs for the ligand
deformation would not be a dominant factor in determining
the preference for the outward coordination in the copper
complex. In addition to the solvent effects (vide supra), we
now assume that the higher propensity of Ag(I) and Au(I) to
adopt a low coordination number and a linear structure might
play an important role in constructing complexation inside the
ligand scaffold. Further experimental and theoretical studies
are needed to unveil the bimodal coordination behavior.

■ CONCLUSIONS
As a ligand for proximal binuclear complexes, we here designed
a tetrapyridyl compound with an anthraquinodimethane linker.
Its coordination behavior has been assessed by complexation
with coinage metals in conjunction with DFT calculations. As a
result, in addition to the inherent bent geometry of the linker
unit, ligand 1 was found to have a reasonably bending
deformation ability and consequently served as a multitopic
ligand capable of accommodation of two silver or gold metal
centers in the defined proximal space. In comparison to the
previously reported elaborated ligands for binuclear complexes,
ligand 1 constructed the silver and gold complexes in unique
coordination modes; each metal center was coordinated with
donor units in a pseudo-trans fashion, and the linker unit
hardly took part in the coordination with metal centers.
Elucidation of reactivities of these complexes and application

Figure 8. Solid-state structure of complex 4 with thermal ellipsoids at
50% probability. Hydrogen atoms and counteranions are omitted for
clarity. C: gray, N: blue, and Cu: orange.

Figure 9. DFT calculations of the proximal binuclear copper, silver,
and gold complexes.
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of the present type of ligands to construct other metal
complexes are now being studied.

■ EXPERIMENTAL SECTION

General Considerations
All manipulations were carried out under an argon atmosphere by
using standard Schlenk techniques unless otherwise stated. Dichloro-
methane (CH2Cl2) was dried and distilled over P4O10, degassed, and
stored under an argon atmosphere. Acetonitrile (CH3CN) and o-
xylene were dehydrated using a molecular sieve. [Pd(PPh3)4], LiCl,
AgOTf (OTf = trifluoromethanesulfonate), [Cu(CH3CN)4]BF4, and
[AuCl(SMe2)] were purchased and used as received. 11,11,12,12-
Tetrabromo-9,10-anthraquinodimethane15 and 2-(tributylstannyl)-
pyridine16 were synthesized according to the literature studies. 1H
(500 MHz) and 13C{1H} (125 MHz) NMR spectra were recorded on
a JEOL ECA-500 spectrometer at 20 °C unless otherwise noted.
Chemical shifts are reported in δ and referenced to residual 1H and
13C signals of deuterated solvents as internal standards. IR spectra
were measured as a KBr pellet on a JASCO FT/IR-4100. High-
resolution mass spectra were measured on a JEOL JMS-T100LC
AccuTOF spectrometer. Elemental analyses were performed on a
Perkin Elmer 2400 series II CHN analyzer.
Synthesis of Ligand 1 and Coinage Metal Complexes

Synthesis of Ligand 1. A mixture of 11,11,12,12-tetrabromo-
9,10-anthraquinodimethane (784.2 mg, 1.51 mmol), 2-
(tributylstannyl)pyridine (3450.0 mg, 9.37 mmol), LiCl (514.3 mg,
12.3 mmol), and [Pd(PPh3)4] (98.5 mg, 85.2 μmol) in o-xylene (25
mL) was stirred at 140 °C for 64 h. The solvent was evaporated under
reduced pressure, and the residue was suspended in CH2Cl2. The
precipitate, which is considered to be a lithium complex of 1, was
collected by filtration and washed with CH2Cl2 to afford a dark brown
solid. This solid was dissolved in a mixture of CH2Cl2 and water to
decompose the lithium complex. The CH2Cl2 layer was separated,
and the aqueous layer was extracted with CH2Cl2 (10 mL × 3). The
organic layers were combined, dried over MgSO4, and filtered. The
solvent was removed under reduced pressure to give 1 (366.5 mg) as
a light brown solid in 47% yield. Crystals of 1 for X-ray analysis were
grown by slow diffusion Et2O into a CH3CN solution of 1. 1H NMR
(CDCl3): δ 8.70 (ddd, J = 5.0, 1.7, 1.0 Hz, 4H, H1), 7.55 (td, J = 7.6,
1.7 Hz, 4H, H3), 7.48 (br d, J = 7.6 Hz, 4H, H4), 7.13 (ddd, J = 7.6,
5.0, 1.0 Hz, 4H, H2), 6.96 (m, 4H, H9), 6.76 (m, 4H, H10); 1H NMR
(CD3CN): δ 8.58 (ddd, J = 5.0, 2.0, 1.0 Hz, 4H, H1), 7.66 (td, J = 7.7,
2.0 Hz, 4H, H3), 7.56 (dt, J = 7.7, 1.0 Hz, 4H, H4), 7.21 (ddd, J = 7.7,
5.0, 1.0 Hz, 4H, H2), 6.97 (m, 4H, H9), 6.80 (m, 4H, H10); 13C{1H}
NMR (CDCl3): δ 159.3 (4C, C5), 149.4 (4C, C1), 138.1 (2C, C7),
138.0 (2C, C6), 137.1 (4C, C8), 136.3 (4C, C3), 127.9 (4C, C9),
125.8 (8C, C4,10), 122.0 (4C, C2); 13C{1H} NMR (CD3CN): δ 160.1,
150.1, 140.0, 138.3, 138.1, 137.0, 128.3, 126.7, 126.6, 123.1; IR
(KBr): ν = 3044, 3003, 1627, 1582, 1561, 1470, 1426, 1288, 1150,
1092, 1052, 998, 843, 773, 757, 656, 630, 617, 488, 418, 404 cm‑1;
HRMS (ESI) m/z: [M+Na]+ calcd for C36H24N4Na+: 535.18932;
found: 535.18990; anal. calcd for C36H24N4·0.5H2O: C, 82.89; H,
4.83; N, 10.74. Found: C, 82.90; H, 4.53; N, 10.61.

Synthesis of Complex 2. To a solution of AgOTf (51.1 mg, 201
μmol) in CH3CN (2.0 mL) was added 1 (51.7 mg, 100 μmol), and
the mixture was stirred at room temperature for 10 min. After the
solvent was removed under reduced pressure, the resulting solid was
recrystallized from (CH3)2CO/Et2O to afford complex 2(OCMe2) as
colorless crystals. Crystals of 2(OCMe2) gave off the acetone
molecule as well as water on drying under vacuum. However, the
elemental analysis data of the dried sample were in good agreement
with the empirical formula of [Ag2(1)](OTf)2H2O. This was probably
due to the absorption of water from the air during the elemental
analysis. The yield after vacuum drying was 90% (91.8 mg). 1H NMR
(CD3CN): δ 8.78 (d, J = 5.2 Hz, 4H, H1), 7.83 (td, J = 8.0, 1.5 Hz,
4H, H3), 7.52 (br, 4H, H4), 7.45 (ddd, J = 8.0, 5.2, 1.5 Hz, 4H, H2),
6.67 (m, 4H), 6.47 (br, 4H);13C{1H} NMR (CD3CN): δ 158.7 (4C,
C5), 151.3 (4C, C1), 140.1 (4C, C3), 139.6 (2C), 137.3 (br, 2C),

136.3 (4C, C8), 128.6 (4C, C9), 127.4 (4C, C10), 127.0 (4C, C4),
124.7 (4C, C2), 122.1 (q, 1JFC = 323.4 Hz, 2C, CF3); IR (KBr): ν =
3064, 3031, 1624, 1593, 1566, 1473, 1432, 1277, 1257, 1226, 1162,
1030, 766, 638, 518, 418, 404 cm−1; HRMS (ESI) m/z: [M−(OTf)]+
calcd for C37H24N4O3F3SAg2+: 876.96142; found: 876.96167; anal.
calcd for C38H24N4O6F6S2Ag2·H2O: C, 43.70; H, 2.51; N, 5.36.
Found: C, 43.52; H, 2.31; N, 5.05.

Synthesis of Complex 2 with NO3 Anions. To a solution of
AgNO3 (10.9 mg, 64 μmol) in CH3CN (2.0 mL) was added 1 (16.4
mg, 32 μmol) at room temperature, and the mixture was stirred for 5
min. The solvent was concentrated under reduced pressure. The
resulting solid was dispersed in Et2O, after which the precipitate was
filtered and washed with Et2O to give the title complex (26.9 mg) as a
light brown solid in 99% yield. 1H NMR (CD3CN): δ 8.75 (d, J = 4.5
Hz, 4H), 7.84 (br, 4H), 7.62 (br, 4H), 7.44 (t, J = 6.0 Hz, 4H), 6.72
(br, 4H), 6.57 (br, 4H); 13C{1H} NMR (CD3CN): δ 158.5 (4C),
151.4 (4C), 139.9 (4C), 139.7 (2C), 136.4 (4C), 128.4 (4C), 127.7
(4C), 127.1 (4C), 124.6 (4C), one of the olefinic carbons in the
anthraquinodimethane moiety failed to be observed due to its slow
solubility; IR (KBr): ν = 3061, 1624, 1591, 1565, 1472, 1430, 1385,
1337, 1286, 1159, 1015, 765, 623, 419, 405 cm‑1; HRMS (ESI) m/z:
[M−(NO3)]+ calcd for C36H24N5O3Ag2+: 789.99721; found:
789.99700.

Synthesis of Complex 3. To a solution of [AuCl(SMe2)] (12.0
mg, 41 μmol) in CH2Cl2 (2.0 mL) was added 1 (10.3 mg, 20 μmol)
at room temperature, and the mixture was stirred for 20 min. Then,
AgOTf (10.4 mg, 40 μmol) was added to the resulting yellow solution
at room temperature, and the mixture was stirred for 15 h. After
filtration, the filtrate was concentrated under reduced pressure and
dried in vacuo to give 3 (23.8 mg) as a pale yellow solid in 98% yield.
1H NMR (CD3CN): δ 8.66 (ddd, J = 5.8, 1.7, 0.7 Hz, 4H, H1), 8.58
(br d, J = 7.7 Hz, 4H, H4), 8.32 (td, J = 7.7, 1.7 Hz, 4H, H3), 7.62
(ddd, J = 7.7, 5.8, 1.7 Hz, 4H, H2), 7.18 (s, 8H, H9,10); 13C{1H} NMR
(CD3CN): δ 157.6 (4C, C5), 155.0 (4C, C1), 144.3 (2C), 142.9 (4C,
C3), 139.5 (2C), 135.9 (4C, C8), 130.3 (4C, C4), 130.0 (4C), 127.1
(4C), 126.9 (4C, C2), 122.0 (q, 1JFC = 321.3 Hz, 2C, CF3); IR (KBr):
ν = 3074, 3033, 1635, 1601, 1483, 1430, 1276, 1254, 1227, 1161,
1031, 768, 637, 418, 404 cm−1; HRMS (ESI) m/z: [M−(OTf)]+
calcd for C37H24N4O3F3SAu2+: 1055.08467; found: 1055.08880; anal.
calcd for C38H24N4O6F6S2Au2: C, 37.89; H, 2.01; N, 4.65. Found: C,
37.60; H, 1.93; N, 4.40.

Synthesis of Complex 4. To a solution of [Cu(CH3CN)4]BF4
(54.3 mg, 172 μmol) in CH3CN (1.0 mL) was added 1 (44.3 mg, 86
μmol) in CH3CN (1.5 mL), and the mixture was stirred at room
temperature for 5 min. The solvent was removed under reduced
pressure to give 4 (76.0 mg) as a yellow solid in 90% yield. 1H NMR
(CD3CN): δ 8.74 (d, J = 5.0 Hz, 4H, H1), 7.85 (td, J = 7.5, 1.5 Hz,
4H, H3), 7.52−7.48 (m, 8H, H2,4), 6.91 (m, 4H), 6.71 (m, 4H);
13C{1H} NMR (CD3CN): δ 157.3 (4C, C5), 150.2 (4C, C1), 139.5
(4C, C3), 138.7 (2C), 136.6 (4C, C8), 134.3 (2C), 128.8 (4C), 128.0
(4C), 127.8 (4C, C4), 124.9 (4C, C2); HRMS (ESI) m/z: [M−
{Cu(CH3CN)4(BF4)2}]+ calcd for C36H24N4Cu+: 575.12915; found:
575.12871.
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