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Abstract: We report the preparation and characterization of 4′-([1,1′-biphenyl]-4-yl)-3,2′:6′,3′′-terpyridine
(1), 4′-(4′-fluoro-[1,1′-biphenyl]-4-yl)-3,2′:6′,3′′-terpyridine (2), 4′-(4′-chloro-[1,1′-biphenyl]-4-yl)-3,2′:6′,3′′-
terpyridine (3), 4′-(4′-bromo-[1,1′-biphenyl]-4-yl)-3,2′:6′,3′′-terpyridine (4), and 4′-(4′-methyl-[1,1′-biphenyl]-
4-yl)-3,2′:6′,3′′-terpyridine (5), and their reactions with copper(II) acetate. Single-crystal structures of
the [Cu2(µ-OAc)4L]n 1D-coordination polymers with L = 1–5 have been determined, and powder
X-ray diffraction confirms that the single crystal structures are representative of the bulk samples.
[Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n are isostructural, and zigzag polymer chains are present
which engage in π-stacking interactions between [1,1′-biphenyl]pyridine units. 1D-chains nest into
one another to give 2D-sheets; replacing the peripheral H in 1 by an F substituent in 2 has no effect
on the solid-state structure, indicating that bifurcated contacts (H...H for 1 or H...F for 2) are only
secondary packing interactions. Upon going from [Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n to
[Cu2(µ-OAc)4(3)]n, [Cu2(µ-OAc)4(4)]n, and [Cu2(µ-OAc)4(5)]n·nMeOH, the increased steric demands
of the Cl, Br, or Me substituent induces a switch in the conformation of the 3,2′:6′,3′′-tpy metal-binding
domain, and a concomitant change in dominant packing interactions to py–py and py–biphenyl
face-to-face π-stacking. The study underlines how the 3,2′:6′,3′′-tpy domain can adapt to different
steric demands of substituents through its conformational flexibility.

Keywords: 3,2′:6′,3′′-terpyridine; coordination polymer; copper(II) acetate; paddle-wheel building
block; X-ray diffraction

1. Introduction

For many chemists, the word “terpyridine” is synonymous with 2,2′:6′,2′′-terpyridine
(tpy), the coordination chemistry and applications of which are exceptionally well de-
veloped [1–5]. However, from the perspective of assembling coordination polymers and
networks, the bis-chelating nature of tpy tends to restrict its use to {M(tpy)2} units bear-
ing peripheral functionalities that can act as metal-binding domains or polytopic lig-
ands containing multiple tpy metal-binding domains. Such “expanded ligands” with
the {M(tpy)2} unit on the “inside” of the metalloligand have gained significant atten-
tion [6]. Ditopic bis(tpy) ligands designed to assemble metallomacrocycles with prede-
termined internal angles feature in the innovative work of Newkome and coworkers [7].
However, while retaining a terpyridine building block, the most efficient way to access 1D-
coordination polymers and 2D- and 3D-coordination networks is to turn to other isomers
of terpyridine [8]. The 4,2′:6′,4′′- and 3,2′:6′,3′′-isomers are synthetically accessible using
either Kröhnke methodology [9] or the one-pot approach of Wang and Hanan [10]. Over the
last decade, the coordination chemistry of 4,2′:6′,4′′-terpyridines (4,2′:6′,4′′-tpy (I), Scheme 1)
has gained in popularity [8]. Functionalization in the 4′-position with coordinatively non-
innocent substituents increases the connectivity of the building block, taking it from a
V-shaped linker to a 3- (or higher) connecting node. It is noteworthy that the introduction
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of a 4′-(pyridin-4-yl) unit (II, Scheme 1) produces a 3-connecting building block analogous
to 2,4,6-tris(pyridyl)-1,3,5-triazine (III, Scheme 1) employed by Fujita and coworkers for
the assembly of molecular capsules [11]. Like the nitrogen atoms of the triazine ring,
the N-atom of the central pyridine in 4,2′:6′,4”-tpy does not bind a metal ion. The same is
true in 3,2′:6′,3′′-terpyridine (3,2′:6′,3′′-tpy).
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Scheme 1. 4,2′:6′,4”-Terpyridine as a ditopic ligand (I), and 4′-(pyridin-4-yl)-4,2′:6′,4”-terpyridine (II) as a 3-connecting
building block compared to 2,4,6-tris(pyridyl)-1,3,5-triazine (III).

The coordination chemistry of 3,2′:6′,3′′-tpy has received less attention than that of
the 4,2′:6′,4”-isomer [8]. One aspect of 3,2′:6′,3′′-tpy that makes predictive crystal en-
gineering difficult is that rotation about the inter-ring C–C bonds (Scheme 2) leads to
different ligand conformations and, therefore, to variable vectorial properties of the di-
topic ligand. Scheme 2 illustrates the three possible planar conformations of 3,2′:6′,3′′-tpy.
We have recently demonstrated conformational switching in free 4′-(4-n-alkyloxyphenyl)-
3,2′:6′,3′′-terpyridines [12], and in [Cu2(µ-OAc)4L]n 1D-chains [13] and [Co(NCS)2L2]n
2D-networks where L is a 4′-(4-n-alkyloxyphenyl)-3,2′:6′,3′′-tpy [14,15] as a function of
the alkyloxy chain length. In these structures, the 3,2′:6′,3′′-tpy domain adopts either con-
formation I or II (Scheme 2). Although conformation III is suited to the formation of dis-
crete molecular architectures [16–20], it also appears in several infinite assemblies [21–24].
In one 3D-assembly, the 3,2′:6′,3′′-tpy domain is locked into conformation III by virtue of a
bridging cyano ligand between the coordinated metal centres of a single 3,2′:6′,3′′-tpy unit,
and propagation of the coordination network into 3-dimensions relies on the presence of a
4′-pyridin-4-yl substituent [25].
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In the [Cu2(µ-OAc)4{4′-(4-n-alkyloxyphenyl)-3,2′:6′,3′′-tpy}]n 1D-polymers with alky-
loxy groups being methoxy, butyloxy, pentyloxy, hexyloxy, or heptyloxy [13,26], the con-
formational variation is more complex than a switch from I to II [13]. With the ligand
in conformation II, the arrangement in the two axial sites of the {Cu2(µ-OAc)4} paddle-
wheel [27] can follow one of three assembly algorithms as shown in Scheme 3. The labels
in and out refer to the orientation of the lone pair of each coordinating N atom with respect
to the central N atom of the 3,2′:6′,3′′-tpy unit. Both in/out/in/out... and out/out/in/in...
sequences are observed in [Cu2(µ-OAc)4{4′-(4-n-alkyloxyphenyl)-3,2′:6′,3′′-tpy}]n chains,
and we have proposed that this is related to the growing importance of inter-chain van
der Waals forces as the length of the alkyloxy chain increases. These interactions comple-
ment π-stacking interactions between phenyl/pyridine and pyridine/pyridine rings [13].
Following from these results, we were interested in exploring the effects of replacing
the alkyloxy tails by substituents in which π-stacking interactions would be dominant.
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We chose to focus on the 3,2′:6′,3′′-tpy ligands featuring 1,1′-biphenyl units, and selected
ligands 1–5 (Scheme 4). We have previously observed that π-stacking between pairs of
1,1′-biphenyl units in the solid state structures of 1D-coordination polymers involving
4′-([1,1′-biphenyl]-4-yl)-4,2′:6′,4′′-tpy ligands is a dominant packing interaction, even when
the peripheral phenyl ring is perfluorinated [28,29].
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2. Materials and Methods
2.1. General

1H, 13C{1H}, 19F{1H}, and 2D NMR spectra were recorded on a Bruker Avance III-500
spectrometer equipped with a BBFO probehead (Bruker BioSpin AG, Fällanden, Switzerland)
at 298 K. The 1H and 13C NMR chemical shifts were referenced with respect to residual
solvent peaks (δ TMS = 0). A Shimadzu LCMS-2020 instrument (Shimadzu Schweiz GmbH,
Roemerstr., Switzerland) was used to record electrospray ionization (ESI) mass spectra.
A PerkinElmer UATR Two instrument (Perkin Elmer, 8603 Schwerzenbach, Switzerland)
was used to record FT-infrared (IR) spectra, and a Shimadzu UV2600 (Shimadzu Schweiz
GmbH, 4153 Reinach, Switzerland) spectrophotometer was used to record absorption
spectra. 3-Acetylpyridine and [1,1′-biphenyl]-4-carbaldehyde were purchased from Acros
Organics (Fisher Scientific AG, 4153 Reinach, Switzerland), 4′-chloro-[1,1′-biphenyl]-4-
carbaldehyde and 4′-methyl-[1,1′-biphenyl]-4-carbaldehyde from Fluorochem (Chemie
Brunschwig AG, 4052 Basel, Switzerland), 4′-fluoro-[1,1′-biphenyl]-4-carbaldehyde from
Combi-Blocks (Chemie Brunschwig AG, 4052 Basel, Switzerland), and 4′-bromo-[1,1′-
biphenyl]-4-carbaldehyde from Apollo (Chemie Brunschwig AG, 4052 Basel, Switzerland).
Copper(II) acetate monohydrate was bought from Fluka (Fluka Chemie GmbH, 9471 Buchs,
Switzerland). All chemicals were used as received.

All single-crystal growth experiments were carried out under ambient conditions
using identical crystallization tubes (i.d. = 13.6 mm, 24 mL).
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2.2. Compound 1

[1,1′-Biphenyl]-4-carbaldehyde (1.84 g, 10.0 mmol) was dissolved in EtOH (50 mL),
and then 3-acetylpyridine (2.42 g, 2.20 mL, 20.0 mmol) and crushed KOH (1.12 g, 20.0 mmol)
were added to the solution. Aqueous NH3 (32%, 38.5 mL) was slowly added to the reac-
tion mixture. This was stirred at room temperature (ca. 22 ◦C) overnight. The solid that
formed was collected by filtration, washed with H2O (3 × 10 mL) and EtOH (3 × 10 mL),
recrystallized from MeOH, and dried in vacuo. Compound 1 was isolated as a colorless
solid (1.54 g, 4.00 mmol, 40.0%). M.p. = 218 ◦C. 1H NMR (500 MHz, CDCl3): δ/ppm
9.40 (d, J = 2.2 Hz, 2H, HA2), 8.72 (dd, J = 4.7, 1.7 Hz, 2H, HA6), 8.53 (dt, J = 7.9, 2.2 Hz, 2H,
HA4), 8.01 (s, 2H, HB3), 7.85 (d, J = 8.4 Hz, 2H, HC2), 7.79 (d, J = 8.4 Hz, 2H, HC3), 7.68 (m, 2H,
HD2), 7.50 (m, 2H, HD3), 7.47 (m, 2H, HA5), 7.42 (m, 1H, HD4). 13C{1H} NMR (126 MHz,
CDCl3): δ/ppm 155.6 (CA3), 150.6 (C B4), 150.4 (CA6), 148.6 (CA2), 142.6 (CC4), 140.3 (CD1),
137.1 (CC1), 134.8 (CB2), 134.7 (CA4), 129.1 (CD3), 128.2 (CC3), 128.0 (CD4), 127.7 (CC2),
127.3 (CD2), 123.8 (CA5), 117.7 (CB3). UV-VIS (MeCN, 2.0 × 10−5 mol dm−3) λ/nm
228 (ε/dm3 mol−1 cm−1 28,400), 265 sh (34,600), 284 (41,100). ESI-MS m/z 386.13 [M + H]+

(calc. 386.17). Found C 83.91, H 4.81, N 11.04; required for C27H19N3 C 84.13, H 4.97,
N 10.90.

2.3. Compound 2

4′-Fluoro-[1,1′-biphenyl]-4-carbaldehyde (2.00 g, 10.0 mmol) was dissolved in EtOH
(50 mL). 3-Acetylpyridine (2.42 g, 2.20 mL, 20.0 mmol) and crushed KOH (1.12 g, 20.0 mmol)
were added, followed by the slow addition of aqueous NH3 (32%, 38.5 mL). The reaction
mixture was stirred at room temperature overnight, and the solid that formed was col-
lected by filtration, washed with H2O (3 × 10 mL) and EtOH (3 × 10 mL). The product
was recrystallized from MeOH, and dried in vacuo. Compound 2 was isolated as a col-
orless solid (1.62 g, 4.03 mmol, 40.3%). M.p. = 215 ◦C. 1H NMR (500 MHz, CDCl3):
δ/ppm 9.39 (d, J = 2.2 Hz, 2H, HA2), 8.71 (dd, J = 4.7, 1.5 Hz, 2H, HA6), 8.53 (dt, J = 8.0,
2.2 Hz, 2H, HA4), 8.00 (s, 2H, HB3), 7.84 (m, 2H, HC2), 7.74 (m, 2H, HC3), 7.63 (m, 2H,
HD2), 7.48 (ddd, J = 8.0, 4.7, 0.9 Hz, 2H, HA5), 7.18 (m, 2H, HD3). 13C{1H} NMR (126 MHz,
CDCl3): δ/ppm 162.9 (d, JCF = 239 Hz, CD4), 155.6 (CA3), 150.5 (CB4), 150.3 (CA6), 148.5 (CA2),
141.6 (CC4), 137.1 (CC1), 136.4 (d, JCF = 2.5 Hz, CD1), 134.85 (CB2), 134.8 (CA4), 128.9 (d, JCF = 7.6 Hz,
CD2), 128.0 (CC3), 127.8 (CC2), 123.8 (CA5), 117.7 (CB3), 116.1 (d, JCF = 22.5 Hz, CD3).
19F{1H} NMR (470 MHz, CDCl3): δ/ppm −114.6. UV-VIS (MeCN, 2.0 × 10−5 mol dm−3)
λ/nm 227 (ε/dm3 mol−1 cm−1 28,200), 264 sh (33,100), 284 (38,800). ESI-MS m/z 404.12
[M + H]+ (calc. 404.16). Found C 79.08, H 4.59, N 10.42; required for C27H18FN3 C 80.38,
H 4.50, N 10.42.

2.4. Compound 3

4′-Chloro-[1,1′-biphenyl]-4-carbaldehyde (2.17 g, 10.0 mmol) was dissolved in EtOH
(50 mL), and then 3-acetylpyridine (2.42 g, 2.20 mL, 20.0 mmol) and crushed KOH (1.12 g,
20.0 mmol) were added to the solution. Aqueous NH3 (32%, 38.5 mL) was slowly
added to the reaction mixture, which was then stirred at room temperature overnight.
The solid that formed was collected by filtration, washed with H2O (3 × 10 mL) and EtOH
(3 × 10 mL), recrystallized from EtOH, and dried in vacuo. Compound 3 was isolated as
a colorless solid (1.43 g, 3.40 mmol, 34.0%). M.p. = 240 ◦C. 1H NMR (500 MHz, CDCl3):
δ/ppm 9.40 (dd, J = 2.2, 0.9 Hz, 2H, HA2), 8.72 (dd, J = 4.8, 1.6 Hz, 2H, HA6), 8.54 (dt, J = 8.1,
2.2 Hz, 2H, HA4), 8.00 (s, 2H, HB3), 7.84 (m, 2H, HC2), 7.75 (m, 2H, HC3), 7.60 (m, 2H, HD2),
7.50–7.44 (overlapping m, 4H, HA5+D3). 13C{1H} NMR (126 MHz, CDCl3): δ/ppm 155.6
(CA3), 150.4 (CB4), 150.3 (CA6), 148.5 (CA2), 141.3 (CC4), 138.7 (CD4), 137.5 (CC1), 134.84 (CB2),
134.8 (CA4), 134.2 (CD1), 129.3 (CD3), 128.5 (CD2), 128.0 (CC3), 127.8 (CC2), 123.8 (CA5),
117.7 (CB3). UV-VIS (MeCN, 2.0 × 10−5 mol dm−3) λ/nm 228 (ε/dm3 mol−1 cm−1 29,000),
264 sh (35,800), 288 (45,900). ESI-MS m/z 420.09 [M + H]+ (calc. 420.13). Found C 76.58,
H 4.12, N 9.87; required for C27H18ClN3 C 77.23, H 4.32, N 10.01.
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2.5. Compound 4

4′-Bromo-[1,1′-biphenyl]-4-carboxaldehyde (0.809 g, 3.1 mmol) was dissolved in EtOH
(50 mL), then 3-acetylpyridine (0.751 g, 0.683 mL, 6.2 mmol) and crushed KOH (0.348 g,
6.2 mmol) were added. Aqueous NH3 (32%, 11.9 mL) was slowly added to the reaction
mixture, and this was stirred at room temperature overnight. The solid product was
collected by filtration, washed with H2O (3 × 10 mL) and EtOH (3 × 10 mL), and dried
in vacuo. Compound 4 was isolated as a colorless solid (0.645 g, 1.39 mmol, 44.8%).
M.p. = 248 ◦C. 1H NMR (500 MHz, CDCl3): δ/ppm 9.40 (dd, J = 2.3, 0.9 Hz, 2H, HA2),
8.72 (dd, J = 4.8, 1.7 Hz, 2H, HA6), 8.54 (dt, J = 8.0, 2.3 Hz, 2H, HA4), 8.00 (s, 2H, HB3),
7.84 (m, 2H, HC2), 7.75 (m, 2H, HC3), 7.62 (m, 2H, HD3), 7.54 (m, 2H, HD2), 7.44 (m, 2H,
HA5). 13C{1H} NMR (126 MHz, CDCl3): δ/ppm 155.6 (CA3), 150.4 (CB4), 150.3 (CA6),
148.5 (CA2), 141.3 (CC4), 139.2 (CD1), 137.5 (CC1), 134.83 (CB2), 134.81 (CA4), 132.3 (CD3),
128.9 (CD2), 128.0 (CC3), 127.9 (CC2), 123.9 (CA5), 122.4 (CD4), 117.7 (CB3). UV-VIS (MeCN,
2.0 × 10−5 mol dm−3) λ/nm 228 (ε/dm3 mol−1 cm−1 29,000), 264 sh (35,800), 292 (47,000).
ESI-MS m/z 464.05 [M + H]+ (calc. 464.08). Found C 69.55, H 3.76, N 8.89; required for
C27H18 BrN3 C 69.84, H 3.91, N 9.05.

2.6. Compound 5

4′-Methyl-[1,1′-biphenyl]-4-carbaldehyde (1.00 g, 5.09 mmol) was dissolved in EtOH
(50 mL), and 3-acetylpyridine (1.23 g, 1.12 mL, 10.2 mmol) was added, followed by crushed
KOH (0.571 g, 10.2 mmol). Aqueous NH3 (32%, 19.6 mL) was added slowly to the reaction
mixture, which was then stirred at room temperature overnight. The solid product was
collected by filtration, washed with H2O (3 × 10 mL) and EtOH (3 × 10 mL), recrystallized
from EtOH, and dried in vacuo. Compound 5 was isolated as a colorless solid (0.670 g,
1.68 mmol, 32.9%). M.p. = 191 ◦C. 1H NMR (500 MHz, CDCl3): δ/ppm 9.40 (d, J = 0.9 Hz,
2H, HA2), 8.72 (dd, J = 4.8, 1.7 Hz, 2H, HA6), 8.53 (dt, J = 8.0, 2.0 Hz, 2H, HA4), 8.01 (s, 2H,
HB3), 7.83 (d, J = 8.2 Hz, 2H, HC2), 7.78 (d, J = 8.2 Hz, 2H, HC3), 7.58 (d, J = 8.0 Hz, 2H, HD2),
7.48 (m, 2H, HA5), 7.31 (d, J = 8.0 Hz, 2H, HD3), 2.43 (s, 3H, HMe). 13C{1H} NMR (126 MHz,
CDCl3): δ/ppm 155.6 (CA3), 150.7 (CB4), 150.3 (CA6), 148.5 (CA2), 142.5 (CC4), 138.0 (CD4),
137.3 (CD1), 136.8 (CC1), 134.9 (CB2), 134.8 (CA4), 129.8 (CD3), 127.9 (CC3), 127.7 (CC2),
127.1 (CD2), 123.8 (CA5), 117.7 (CB3), 21.3 (CMe). UV-VIS (MeCN, 2.0 × 10−5 mol dm−3)
λ/nm 230 (ε/dm3 mol−1 cm−1 30,500), 261 sh (31,100), 295 (38,000). ESI-MS m/z 400.16
[M + H]+ (calc. 400.18). Found C 83.89, H 5.30, N 10.39; required for C28H21N3 C 84.18,
H 5.30, N 10.52.

2.7. Crystal Growth of [Cu2(µ-OAc)4(1)]n and Preparative Scale Reaction

A solution of Cu2(OAc)4·2H2O (12.0 mg, 0.030 mmol) in MeOH (5 mL) was layered
over a CHCl3 solution (4 mL) of 1 (11.6 mg, 0.030 mmol). Blue block-like crystals grew after
11 days. A single crystal was selected for X-ray diffraction, and the remaining crystals were
washed with MeOH and CHCl3, dried under vacuum, and analyzed by powder X-ray
diffraction (PXRD) and FT-IR spectroscopy.

A blue solution of Cu2(OAc)4·2H2O (79.9 mg, 0.200 mmol) in MeOH (30 mL) was
added to a colorless CHCl3 solution (10 mL) of 1 (77.1 mg, 0.200 mmol) in a round-bottomed
flask. The blue solution was stirred at room temperature and after 1 h, a fine light-green
suspension had formed. After 2 h, the suspension was centrifuged, and the solid was
collected and dried in vacuo until it was a constant weight (6 h). [Cu2(µ-OAc)4(1)]n (24 mg,
0.032 mmol, 16%) was isolated as a light green powder. Found C 56.11, H 4.17, N 5.28;
required for C35H31Cu2N3O8: C 56.15, H 4.17, N 5.61. PXRD analysis was performed
(see text).

2.8. Crystal Growth of [Cu2(µ-OAc)4(2)]n and Preparative Scale Reaction

A solution of Cu2(OAc)4·2H2O (12.0 mg, 0.030 mmol) in MeOH (5 mL) was layered
over a CHCl3 solution (4 mL) of 2 (12.1 mg, 0.030 mmol), and after 20 days, blue blocks of
X-ray quality had grown. A single crystal was selected for X-ray diffraction, and the rest of
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the crystals were washed with MeOH and CHCl3, dried in vacuo, and were analyzed by
PXRD and FT-IR spectroscopy.

A blue solution of Cu2(OAc)4·2H2O (79.9 mg, 0.200 mmol) in MeOH (30 mL) was
added to a colorless CHCl3 solution (15 mL) of 2 (80.7 mg, 0.200 mmol) in a round-bottomed
flask. The blue solution was stirred at room temperature, and after 1 h, a fine light green
suspension had formed. After 2 h, the solid was collected using a centrifuge and was
dried in vacuo until a constant weight was achieved (6 h). [Cu2(µ-OAc)4(2)]n (101 mg,
0.132 mmol, 66.0%) was isolated as a light-green solid. Found C 54.43, H 3.86, N 5.43;
required for C35H30Cu2FN3O8: C 54.83, H 3.94, N 5.48. See text for PXRD.

2.9. Crystal Growth of [Cu2(µ-OAc)4(3)]n and Preparative Scale Reaction

A MeOH (4 mL) solution of Cu2(OAc)4·2H2O (12.0 mg, 0.030 mmol) was layered over
a CHCl3 solution (4 mL) of 3 (12.6 mg, 0.030 mmol). After eight days, X-ray quality green
plate-like crystals had grown. One crystal was selected for single-crystal X-ray diffraction,
and the remaining crystals were washed with MeOH and CHCl3, dried under vacuum,
and analyzed by PXRD and FT-IR spectroscopy.

A solution of Cu2(OAc)4·2H2O (79.9 mg, 0.200 mmol) in MeOH (30 mL) was added
to a solution of 3 (84.0 mg, 0.200 mmol) in CHCl3 (15 mL) in a round-bottomed flask.
The blue solution was stirred at room temperature, and after about 5 min, a fine light green
suspension had formed. After 2 h, the suspension was centrifuged, and the solid was
dried in vacuo until it was a constant weight (6 h). [Cu2(µ-OAc)4(3)]n (126 mg, 0.161 mmol,
80.5%) was isolated as a light green powder. Found C 53.13, H 3.74, N 5.30; required for
C35H30Cu2ClN3O8: C 53.68, H 3.86, N 5.37. See text for PXRD.

2.10. Crystal Growth of [Cu2(µ-OAc)4(4)]n and Preparative Scale Reaction

Cu2(OAc)4·2H2O (12.0 mg, 0.030 mmol) was dissolved in MeOH (4 mL), and the solu-
tion was layered over a CHCl3 solution (4 mL) of 4 (13.9 mg, 0.030 mmol). Green plate-like
crystals had grown after 20 days, and a single crystal was selected for X-ray diffraction.
The remaining crystals were washed with MeOH and CHCl3, dried under vacuum, and an-
alyzed by PXRD and FT-IR spectroscopy.

A solution of Cu2(OAc)4·2H2O (79.9 mg, 0.200 mmol) in MeOH (30 mL) was added to
a CHCl3 solution (15 mL) of 4 (92.9 mg, 0.200 mmol) in a round-bottomed flask. The blue
solution was stirred at room temperature, and a light-green suspension was observed after
about 5 min. After 2 h, the suspension was centrifuged, and the solid was dried in vacuo
to a constant weight (6 h). [Cu2(µ-OAc)4(4)]n (132 mg, 0.0797 mmol, 79.7%) was isolated
as a light green powder. Found C 49.87, H 3.51, N 4.94; required for C70H60Cu4Br2N6O16:
C 50.79, H 3.65, N 5.08. See text for PXRD.

2.11. Crystal Growth of [Cu2(µ-OAc)4(5)]n·nMeOH and Preparative Scale Reaction

Cu2(OAc)4·2H2O (12.0 mg, 0.030 mmol) was dissolved in MeOH (4 mL), and the
solution was layered over a CHCl3 solution (4 mL) of 5 (11.9 mg, 0.030 mmol). After 25 days,
X-ray quality green plates had grown, and a single crystal was selected for X-ray diffraction.
The rest of the crystals were washed with MeOH and CHCl3, dried in vacuo, and analyzed
by PXRD and FT-IR spectroscopy.

A solution of Cu2(OAc)4·2H2O (79.9 mg, 0.200 mmol) in MeOH (30 mL) was added to
a CHCl3 solution (10 mL) of 5 (79.9 mg, 0.200 mmol) in a round-bottomed flask. The blue
solution was stirred at room temperature, and a light-green suspension was observed after
about 10 min. After 2 h, the suspension was centrifuged, and the solid was dried under
vacuum until the weight was constant (6 h). [Cu2(µ-OAc)4(5)]n (108 mg, 0.0708 mmol,
70.8%) was isolated as a light green powder. Found C 56.30, H 4.27, N 5.50; required for
C72H66Cu4N6O16: C 56.69, H 4.36, N 5.51. See text for PXRD.
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2.12. Crystallography

Single crystal data were collected on a Bruker APEX-II diffractometer (CuKα radiation)
with data reduction, solution, and refinement using the programs APEX [30], ShelXT [31],
Olex2 [32], and ShelXL v. 2014/7 [33], or using a STOE StadiVari diffractometer equipped
with a Pilatus300K detector and with a Metaljet D2 source (GaKα radiation) and solving the
structure using Superflip [34,35] and Olex2 [32]. See Sections 2.13–2.17 for the radiation type
(Cu or Ga). The model was refined with ShelXL v. 2014/7 [33]. Structure analysis including the
ORTEP-type representations used CSD Mercury 2020.1 [36]. In [Cu2(µ-OAc)4(5)]n·nMeOH,
the MeOH solvent molecule was disordered over two orientations and was modelled with
75% and 25% occupancy of the sites.

Powder X-Ray diffraction (PXRD) patterns were collected at room temperature in
transmission mode using a Stoe Stadi P diffractometer equipped with a Cu Kα1 radiation
(Ge(111) monochromator) and a DECTRIS MYTHEN 1K detector. Whole-pattern decompo-
sition (profile matching) analysis [37–39] of the diffraction patterns was performed with
the package FULLPROF SUITE [39,40] (version July-2019) using a previously determined
instrument resolution function based on a NIST640d standard. The structural models
were taken from the single crystal X-Ray diffraction refinements. Refined parameters in
Rietveld were scale factor, zero shift, lattice parameters, Cu and halogen atomic positions,
background points, and peaks shapes as a Thompson–Cox–Hastings pseudo-Voigt func-
tion. Preferred orientations as a March–Dollase multi-axial phenomenological model were
incorporated into the analysis.

2.13. [Cu2(µ-OAc)4(1)]n

C35H31Cu2N3O8, Mr = 748.71, blue block, monoclinic, space group C2/c, a = 27.7823(14),
b = 15.4445(11), c = 7.9423(4) Å, β = 102.301(4)o, V = 3329.7(3) Å3, Dc = 1.494 g cm−3,
T = 150 K, Z = 4, µ(GaKα) = 7.203 mm−1. Total 20,589 reflections, 3485 unique (Rint = 0.0693).
Refinement of 2756 reflections (222 parameters) with I > 2σ(I) converged at final R1 = 0.0656
(R1 all data = 0.0979), wR2 = 0.1287 (wR2 all data = 0.1526), gof = 1.212. CCDC 2042171.

2.14. [Cu2(µ-OAc)4(2)]n

C35H30Cu2FN3O8, Mr = 766.70, blue block, monoclinic, space group C2/c, a = 27.6940(16),
b = 15.9902(7), c = 7.8753(6) Å, β = 102.343(5)o, V = 3406.8(4) Å3, Dc = 1.495 g cm−3,
T = 150 K, Z = 4, µ(GaKα) = 7.077 mm−1. Total 26,608 reflections, 3531 unique (Rint = 0.0845).
Refinement of 2854 reflections (227 parameters) with I > 2σ(I) converged at final R1 = 0.0907
(R1 all data = 0.1116), wR2 = 0.2310 (wR2 all data = 0. 2590), gof = 1.151. CCDC 2042172.

2.15. [Cu2(µ-OAc)4(3)]n

C35H30Cu2ClN3O8, Mr = 783.15, green plate, triclinic, space group P–1, a = 8.0001(3),
b = 9.3586(3), c = 23.7240(7) Å, α = 99.3320(10), β = 96.370(2), γ = 98.442(2), V = 1717.11(10)
Å3, Dc = 1.515 g cm−3, T = 150 K, Z = 2, Z′ = 1, µ(CuKα) = 2.714 mm−1. Total 20,409
reflections, 6355 unique (Rint = 0.0293). Refinement of 5729 reflections (446 parameters)
with I > 2σ(I) converged at final R1 = 0.0457 (R1 all data = 0.0502), wR2 = 0.1286 (wR2 all
data = 0.1340), gof = 1.054. CCDC 2042175.

2.16. [Cu2(µ-OAc)4(4)]n

C70H60Cu4Br2N6O16, Mr = 1655.22, green plate, triclinic, space group P–1, a = 7.9898(5),
b = 9.3656(5), c = 23.6072(13) Å, α = 98.626(2), β = 96.301(2), γ = 97.555(2)o, V = 1716.19(17)
Å3, Dc = 1.602 g cm−3, T = 150 K, Z = 1, µ(CuKα) = 3.363 mm−1. Total 27,701 reflections,
6338 unique (Rint = 0.0236). Refinement of 6120 reflections (446 parameters) with I > 2σ(I)
converged at final R1 = 0.0482 (R1 all data = 0.0493), wR2 = 0.1317 (wR2 all data = 0.1328),
gof = 1.072. CCDC 2042174.
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2.17. [Cu2(µ-OAc)4(5)]n·nMeOH

C74H74Cu4N6O18, Mr = 1589.55, green plate, triclinic, space group P–1, a = 8.0240(4),
b = 9.4295(5), c = 23.8856(11) Å, α = 100.7670(10), β = 95.673(2), γ = 97.244(2)o, V = 1747.30(15)
Å3, Dc = 1.511 g cm−3, T = 150 K, Z = 1, µ(CuKα) = 2.008 mm−1. Total 21,488 reflections,
6397 unique (Rint = 0.0280). Refinement of 6197 reflections (477 parameters) with I > 2σ(I)
converged at final R1 = 0.0366 (R1 all data = 0.0374), wR2 = 0.1030 (wR2 all data = 0.1038),
gof = 1.053. CCDC 2042173.

2.18. Density Functional Theory (DFT) Calculations

DFT calculations on ligands 2–4 were carried out using Spartan’18 [41] with a B3LYP
6-31G* basis set with geometry optimization first carried out at the semi-empirical PM3
level.

3. Results and Discussion
3.1. Ligand Synthesis and Characterization

Compounds 1–5 were prepared using the one-pot method of Hanan [10] as shown
in Scheme 5. The products precipitated from the reaction mixtures and were isolated in
yields varying from 32.9% (for 5) to 44.8% (for 4). No attempts were made to optimize the
reaction conditions. In the electrospray mass spectrum of each compound, the base peak
arose from the [M + H]+ ion (Figures S1–S5 in the Supporting Material) with characteristic
isotope patterns observed for compounds 3 (chloro derivative) and 4 (bromo substituent).

The 1H and 13C{1H} NMR spectra of compounds 1–5 were assigned with the aid of
COSY, NOESY, HMQC, and HMBC techniques, and 1H NMR, NOESY, HMQC, and HMBC
spectra are shown in Figures S6–S25 in the Supporting Material. Figure 1 displays a
comparison of the 1H NMR spectra of 1–5. The signals arising from the protons in rings A,
B, and C (see Scheme 5 for ring labels) are unaffected by the change in the substituent in ring
D. Assignments of the signals for HD2 and HD3 (Figure 1) were confirmed from the NOESY
cross peaks between HC3 and HD2, protons HC2 and HC3 being first distinguished using
the NOESY HB3/HC2 crosspeaks (compare Figures S7, S11, S15, S19 and S23). The change
from X = H in 1 (Scheme 5) to the halogen substituents in 2, 3, and 4 and Me group in 5 has
the most significant effect on HD3, consistent with expectations [42]. The IR spectra of the
new ligands are shown in Figures S26–S30.
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Figure 1. 1H NMR spectra (aromatic region) for compounds (a) 1, (b) 2, (c) 3, (d) 4 and (e) 5 (500 MHz, CDCl3, 298 K).
* = residual CHCl3.

The absorption spectra of acetonitrile solutions of compounds 1–5 are shown inFigure 2a.
Each spectrum is dominated by a broad and intense band arising principally from π*←π
transitions. For the three halogen-substituted compounds, the value of λmax shifts from
284 nm (F) to 288 nm (Cl) to 292 nm (Br), consistent with a stabilization of the highest-
occupied molecular orbital(s) for the more electron-withdrawing substituent. DFT calcula-
tions on ligands 2, 3, and 4 revealed that the highest occupied molecular orbital (HOMO)
of each complex is localized on the 4′-halo-[1,1′-biphenyl] domain, while the lowest unoc-
cupied molecular orbital (LUMO) manifold is largely localized on the 3,2′:6′,3′′-tpy unit
(Figure 2b). The HOMO–1 is, in each case, localized on the 3,2′:6′,3′′-tpy.
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3.2. Reactions of Copper(II) Acetate and Ligands 1–5

Ligands 1–5 were allowed to react with copper(II) acetate under ambient conditions
by layering a methanol solution of Cu2(OAc)4·2H2O over a chloroform solution of the
appropriate ligand. Single crystals grew within days or several weeks, and after selection
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of crystals for single crystal X-ray analysis, the remaining crystals were washed with
MeOH and CHCl3, dried, and analyzed by PXRD to confirm that the single crystals were
representative of the bulk sample (see Section 3.4). The solid-state IR spectra of the bulk
materials are all similar and are presented in Figures S31–S35 in the Supporting Material.
Yields of the products from the single-crystal growth experiments were not optimized,
and were in the range 20–30% if crystal growth was allowed to continue for a month.

The reactions were also carried out on a preparative scale by combining a methanol
solution of Cu2(OAc)4·2H2O with a chloroform solution of the respective ligand. The precip-
itate that formed was separated by centrifugation, dried, and analyzed by elemental analysis
and PXRD. Elemental analytical data were in accord with the compositions [Cu2(µ-OAc)4(L)]n
with L = 1–5. The PXRD data are discussed in Section 3.4.

3.3. Single Crystal Structures

The single-crystal structures of the five copper(II) complexes confirmed the assembly
of one-dimensional coordination polymers containing the ubiquitous {Cu2(OAc)4} paddle-
wheel motif. The polymers [Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n crystallize in the
monoclinic space group C2/c with similar cell dimensions (see Sections 2.13 and 2.14). In
contrast, the [Cu2(µ-OAc)4(3)]n, [Cu2(µ-OAc)4(4)]n, and [Cu2(µ-OAc)4(5)]n·nMeOH crys-
tallize in the triclinic space group P–1, again with similar cell dimensions for the series of
compounds. Only the coordination compound containing ligand 5 contains lattice solvent.
ORTEP-type diagrams of the repeating units in each coordination polymer are displayed
in Figures 3 and 4, and selected bond lengths are given in Table 1. The bond parameters
for the {Cu2(µ-OAc)4} units are unexceptional, and the Cu–N bond distances are typi-
cal with the exception of Cu1–N1 in [Cu2(µ-OAc)4(5)]n·nMeOH. This bond is somewhat
elongated (2.1813(19) Å), and this appears to be associated with the presence of a MeOH
molecule, which is hydrogen-bonded to one acetato bridge (Figure 5) and resides in a
pocket close to one Cu–N bond. The five coordination polymers fall into two structural
classes, which differ in the conformation of the 3,2′:6′,3′′-tpy unit. In [Cu2(µ-OAc)4(1)]n and
[Cu2(µ-OAc)4(2)]n, the asymmetric unit contains half of a ligand molecule 1 or 2, and the
3,2′:6′,3′′-tpy unit adopts conformation I (Scheme 2). In the compounds containing ligands
3, 4, and 5, the 3,2′:6′,3′′-tpy domain is in conformation II. The angles between the planes
of pairs of adjacent aromatic rings are compiled in Table 2, and the data reveal that the
3,2′:6′,3′′-tpy unit is closer to being planar in [Cu2(µ-OAc)4(3)]n, [Cu2(µ-OAc)4(4)]n,
and [Cu2(µ-OAc)4(5)]n·nMeOH than in [Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n. In addi-
tion, the angles between the planes of adjacent rings in the central three-arene ring unit are
greater in coordinated ligands 1 and 2 than in 3–5. An inspection of the dominant packing
interactions provides an insight into these differences.
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Figure 4. The repeat units (with symmetry generated atoms) in (a) [Cu2(µ-OAc)4(3)]n (symmetry codes: i = 1 − x, 2 − y,
2 − z; ii = 2 − x, 2 − y, 1 − z), (b) [Cu2(µ-OAc)4(4)]n (symmetry codes: i = 2 − x, 2 − y, 1 − z; ii = 1 − x, 2 − y, 2 − z),
and (c) [Cu2(µ-OAc)4(5)]n·nMeOH (solvent molecule omitted; symmetry codes: i = 1 − x, 2 − y, 2 − z; ii = 2 − x, 2 − y, 1 − z),
All ellipsoids are plotted at 40% probability level, and H atoms are omitted for clarity.

Table 1. Selected bond lengths in the copper(II) coordination polymers.

Cu–O/Å Cu–N/Å Cu . . . Cu/Å

[Cu2(µ-OAc)4(1)]n
1.954(4), 1.975(4),
1.990(4), 1.961(4) 2.157(4) 2.6051(13)

[Cu2(µ-OAc)4(2)]n
1.953(5), 1.994(5),
1.979(5), 1.959(5) 2.168(5) 2.6149(17)

[Cu2(µ-OAc)4(3)]n

1.9760(18), 1.9894(18),
1.9759(18), 1.9789(18),

1.979(3), 1.970(2),
1.966(3), 1.971(3)

2.167(2), 2.151(2) 2.6292(8), 2.6319(7)

[Cu2(µ-OAc)4(4)]n

1.973(2), 1.983(2),
1.976(2), 1.979(2),
1.981(3), 1.971(2),
1.972(3), 1.974(3)

2.153(2), 2.158(3) 2.6352(8), 2.6235(9)

[Cu2(µ-OAc)4(5)]n·nMeOH

1.9885(15), 1.9787(15),
1.9773(15), 1.9756(15),
1.9887(18), 1.9700(18),
1.9809(19), 1.9644(19)

2.1510(18),
2.1813(19) 2.6551(6), 2.6331(6)
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Figure 5. Hydrogen-bonded MeOH molecule in [Cu2(µ-OAc)4(5)]n·nMeOH, which resides in a
pocket close to the Cu1–N1 bond. Symmetry code: i = 1 − x, 2 − y, 2 − z.

Table 2. Angles between ring-planes in the copper(II) coordination polymers.

py–py/o pyN2–Phenylene/o Phenylene–phenyl/o

[Cu2(µ-OAc)4(1)]n 25.1 38.3 41.7
[Cu2(µ-OAc)4(2)]n 21.1 39.8 38.5
[Cu2(µ-OAc)4(3)]n 8.0, 4.5 24.0 27.2
[Cu2(µ-OAc)4(4)]n 8.1, 4.0 22.9 26.5

[Cu2(µ-OAc)4(5)]n·nMeOH 6.5, 4.0 27.8 28.1

In [Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n, ligand conformation I leads to a zigzag
profile for each 1D-polymer chain, and adjacent chains are arranged with the biphenyl unit
directed into the V-shaped cavity of a neighboring 3,2′:6′,2”-tpy unit (Figure 6). This leads
to the assembly of 2D-sheets. Interestingly, the arrangement shown in Figure 6 results in
short repulsive H...H contacts in [Cu2(µ-OAc)4(1)]n, while these are replaced by attrac-
tive H...F contacts in [Cu2(µ-OAc)4(2)]n. This observation suggests that these contacts
are not important in supporting the assembly, and this is reminiscent of the isostructural
nature of [Cu2(µ-OAc)4(6)]n and [Cu2(µ-OAc)4(7)]n, in which 6 is 4′-([1,1′-biphenyl]-4-yl)-
4,2′:6′,4′ ′-terpyridine and 7 is 4′-(2′,3′,4′,5′,6′-pentafluoro [1,1′-biphenyl]-4-yl)-4,2′:6′,4′ ′-
terpyridine [29]. The X...C separations for the X...H–C contacts in the bifurcated interactions
in Figure 6 are 3.11 Å for X = H and 3.16 Å for X = F. The dominant packing forces in
[Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n are the head-to-tail π-stacking between pairs of
[1,1′-biphenyl]pyridine units displayed in Figure 7. Each pair of arene rings adopts an
offset arrangement, which is optimal for a π–π interaction [43]. For the pyridine...phenyl
interaction in [Cu2(µ-OAc)4(1)]n, the centroid...centroid distance is 3.97 Å and the an-
gle between the ring planes is 3.4o; the corresponding parameters in [Cu2(µ-OAc)4(2)]n
are 3.97 Å and 1.4o. For the centrosymmetric pair of phenylene rings, the distances be-
tween the ring planes and between their centroids are 3.75 Å and 3.97 Å, respectively,
in [Cu2(µ-OAc)4(1)]n, are 3.71 Å, and 3.96 Å in [Cu2(µ-OAc)4(2)]n. The cavities in each
sheet visible in Figure 7 are occupied by {Cu2(µ-OAc)4} carboxylate groups from an adjacent
layer, which protrude above and below each sheet.
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In each of [Cu2(μ-OAc)4(3)]n, [Cu2(μ-OAc)4(4)]n, and [Cu2(μ-OAc)4(5)]n·nMeOH, the 

3,2′:6′,3″-tpy adopts conformation II (Scheme 2), and the coordination arrangement at the 
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Figure 6. Packing of two adjacent polymer chains in (a) [Cu2(µ-OAc)4(1)]n and (b) [Cu2(µ-OAc)4(2)] within one 2D-sheet
(see text). The hashed red lines highlight short H...H contacts in [Cu2(µ-OAc)4(1)]n and complementary short H...F contacts
in [Cu2(µ-OAc)4(2)]n.
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Figure 7. Head-to-tail π-stacking between pairs of [1,1′-biphenyl]pyridine units in adjacent sheets in
[Cu2(µ-OAc)4(1)]n. The same motif is present in [Cu2(µ-OAc)4(2)]n. H atoms are omitted.

In each of [Cu2(µ-OAc)4(3)]n, [Cu2(µ-OAc)4(4)]n, and [Cu2(µ-OAc)4(5)]n·nMeOH,
the 3,2′:6′,3′′-tpy adopts conformation II (Scheme 2), and the coordination arrangement at
the paddle-wheel units (defined in Scheme 3) is in/in/out/out... Figure 8a illustrates part
of one coordination polymer chain in [Cu2(µ-OAc)4(3)]n, and this structure is replicated
in [Cu2(µ-OAc)4(4)]n and [Cu2(µ-OAc)4(5)]n·nMeOH, as are the packing motifs described
below. Figure 8b illustrates the interdigitation of 1D-polymer chains to produce 2D-sheets.
The profile of the chain in Figure 8a contrasts with the zigzag nature of the polymers
in Figure 7, and packing interactions are necessarily different. The near planarity of the
3,2′:6′,3′′-tpy unit (Table 2) reflects the involvement of this domain in crystal packing.
Centrosymmetric pairs of pyridine rings containing N3 (N3 and N3iii, symmetry code
iii = 1 − x, 1 − y, 1 − z) stack with an interplane distance of 3.34 Å and inter-centroid
separation of 3.68 Å. The pyridine ring with N1 engages in a face-to-face contact with the
phenyl ring containing C22iv (symmetry code iv = 1 + x, 1 + y, z) with a centroid...centroid
distance of 3.94 Å and an angle between the ring planes of 11.1o. In addition, the pyridine
ring containing N1 also sits over a biphenyl unit, thereby extending the stack of arene rings.
The projection shown in Figure 8c illustrates how the layers comprise domains of π-stacked
arene rings and columns of {Cu2(µ-OAc)4} paddle-wheel units (see also Figure S36 in the
Supporting Material).
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Figure 8. (a) Part of one polymer chain in [Cu2(µ-OAc)4(3)]n, (b) interdigitation of chains generates a 2D-sheet, and (c) stacking
of three adjacent sheets involves both pyridine and biphenyl rings.

3.4. Characterization by PXRD

To ensure that the single crystal structures were representative of the bulk materials,
powder X-ray diffraction patterns were determined for crystals remaining in the crystal-
lization tubes after single crystals had been selected. The refinements (Figures S37–S41)
confirmed that the bulk materials of all the compounds were representative of the analyzed
single crystals. Each peak in the experimental plots has a corresponding peak in the fitted
spectra, and the differences in the intensities can be rationalized in terms of differences in
the preferred orientations. Only [Cu2(µ-OAc)4(2)]n (Figure S38) shows minor impurities
(ca. 10%). A comparison of Figure S38 with PXRD patterns for the precursors 2 and
Cu2(OAc)4·2H2O did not reveal matching peaks.

PXRD was also carried out on the materials obtained from the preparative scale reac-
tions. The powder patterns matched those of the materials obtained from the single-crystal
growth experiments. Figure 9 displays the data for [Cu2(µ-OAc)4(1)]n as a representa-
tive example, and the superimpositions of the powder patterns for the remaining four
coordination polymers are shown in Figures S42–S45 in the Supporting Materials.

Chemistry 2021, 3, FOR PEER REVIEW 15 
 

 

 

Figure 9. Superimposition of the PXRD pattern for [Cu2(μ-OAc)4(1)]n obtained from a preparative scale reaction (blue) and 

from the single-crystal growth experiment (red). 

4. Conclusions 

We have prepared and characterized compounds 1–5, which feature [1,1′-biphenyl], 

4′-fluoro-[1,1′-biphenyl], 4′-chloro-[1,1′-biphenyl], 4′-bromo-[1,1′-biphenyl] and 4′-methyl-

[1,1′-biphenyl] attached to the 4′-position of a 3,2′:6′,3″-tpy metal-binding domain. Single-

crystal structures of the [Cu2(μ-OAc)4L]n 1D-coordination polymers with L = 1–5 have 

been determined. The assembly common to both [Cu2(μ-OAc)4(1)]n and [Cu2(μ-OAc)4(2)]n 

in which ligands 1 and 2 adopt conformation I (Scheme 2) is directed by π-stacking inter-

actions between centrosymmetric pairs of [1,1′-biphenyl]pyridine units. Although bifur-

cated contacts (H...H for 1 or H...F for 2) are secondary, the two sets of interactions are 

interdependent, and are also dependent upon the 3,2′:6′,3″-tpy adopting conformation I. 

Increasing the steric demands of the 4′-substituent in the 1,1′-biphenyl group would force 

the chains (in a sheet) further apart, and if the π-stacking between pairs of [1,1′-biphenyl] 

pyridine units were to be retained, channels would be introduced into the lattice, reducing 

the packing efficiency. This hypothesis is consistent with the observed switch in ligand 

conformation to II (Scheme 2) on going from [Cu2(μ-OAc)4(1)]n and [Cu2(μ-OAc)4(2)]n to 

the analogous complexes containing 3, 4, and 5. The switch in ligand conformation leads 

to the dominant packing interactions involving py–py and py–biphenyl face-to-face π-

stacking interactions. We are currently exploring both the coordination behavior of lig-

ands 1–5 with other metal salts and the effects of varying the 4′-arene functionalities. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1: Figures 

S1–S5: mass spectra of 1-5; Figures S6–S25: NMR spectra of 1–5; Figures S26–S35: IR spectra of lig-

ands and coordination polymers; Figure S36: Packing diagram for [Cu2(μ-OAc)4(3)]n. Figures S37–

S45: PXRD figures. 

Author Contributions: Project conceptualization, administration, supervision, and funding acqui-

sition: C.E.H. and E.C.C.; investigation and data analysis: D.R. and S.N.; single-crystal X-ray diffrac-

tion and PXRD: A.P. and D.R.; manuscript writing: C.E.H. and D.R.; manuscript editing and review: 

all authors. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was partially funded by the Swiss National Science Foundation (grant num-

ber 200020_182000). 

Figure 9. Superimposition of the PXRD pattern for [Cu2(µ-OAc)4(1)]n obtained from a preparative scale reaction (blue) and
from the single-crystal growth experiment (red).



Chemistry 2021, 3 196

4. Conclusions

We have prepared and characterized compounds 1–5, which feature [1,1′-biphenyl],
4′-fluoro-[1,1′-biphenyl], 4′-chloro-[1,1′-biphenyl], 4′-bromo-[1,1′-biphenyl] and 4′-methyl-
[1,1′-biphenyl] attached to the 4′-position of a 3,2′:6′,3′′-tpy metal-binding domain.
Single-crystal structures of the [Cu2(µ-OAc)4L]n 1D-coordination polymers with L = 1–5 have
been determined. The assembly common to both [Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n
in which ligands 1 and 2 adopt conformation I (Scheme 2) is directed by π-stacking interac-
tions between centrosymmetric pairs of [1,1′-biphenyl]pyridine units. Although bifurcated
contacts (H...H for 1 or H...F for 2) are secondary, the two sets of interactions are interdepen-
dent, and are also dependent upon the 3,2′:6′,3′′-tpy adopting conformation I. Increasing
the steric demands of the 4′-substituent in the 1,1′-biphenyl group would force the chains
(in a sheet) further apart, and if the π-stacking between pairs of [1,1′-biphenyl] pyridine
units were to be retained, channels would be introduced into the lattice, reducing the
packing efficiency. This hypothesis is consistent with the observed switch in ligand con-
formation to II (Scheme 2) on going from [Cu2(µ-OAc)4(1)]n and [Cu2(µ-OAc)4(2)]n to the
analogous complexes containing 3, 4, and 5. The switch in ligand conformation leads to the
dominant packing interactions involving py–py and py–biphenyl face-to-face π-stacking
interactions. We are currently exploring both the coordination behavior of ligands 1–5 with
other metal salts and the effects of varying the 4′-arene functionalities.
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9/3/1/15/s1: Figures S1–S5: mass spectra of 1–5; Figures S6–S25: NMR spectra of 1–5; Figures S26–
S35: IR spectra of ligands and coordination polymers; Figure S36: Packing diagram for [Cu2(µ-
OAc)4(3)]n. Figures S37–S45: PXRD figures.
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