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The rationally designed construction of coordination polymers 
from multidentate molecular building blocks is of interest not 
only due to their structural diversity1,2 but also because of their 
applications in the fields of photochemistry,3,4 gas adsorption 
and separation,5,6 molecular magnetism7,8 and heterogeneous 
catalysis.9,10 Interpenetrated systems are an extremely active 
subject of coordination chemistry11,12 owing to their esthetic 
architectures and topologies. Polythreading as an important branch 
of interpenetrated systems has attracted more and more atten­
tion, and various polythreaded nets have been reported.13–16 The 
polythreaded structure depends upon not only the metal coor­
dination geometry but also the shapes of special ligands. Poly­
threading is commonly assembled from lower dimensional motifs 
with side arms (0D®1D or 2D; 1D®2D or 3D).17 

Recently, many polythreaded structures with mixed ligands 
have been reported,18–21 however, the design of the polythreaded 
frameworks with single ligand is still challenging. Based on our 
previous works on interpenetration,22 we tried to explore new 
polythreaded frameworks such as a new 2D®3D polythreaded 
framework [(tppa)(CuBr)]n·Ésolvents 1 based on an N-centered 
tripodal linker and copper(i).†

X-ray analysis revealed that 1 crystallized in monoclinic space 
group P21/n.‡ As shown in Figure 1, the crystallographically 
independent Cu(i) is linked by two bromine atoms from two CuBr 
molecules and two nitrogen atoms from two tppa in a slightly 
distorted tetrahedral geometry. The Cu–Br length is 2.7036(8) Å, 
and the Cu–N lengths are 2.022 and 2.042 Å, which are all similar 
to the values found in other Cu(i) complexes. The N(1)–Cu–N(4) 
and Br(1)–Cu–Br(1) angles are 114.99(14)° and 118.28(2)°, 
respectively.

In complex 1, two CuBr linked each other to form a binuclear 
[CuBr]2 cluster, four tppa ligands connect four [CuBr]2 clusters 

to achieve a 76-membered [(CuBr)8(Tppa)4] metallocyclic ring 
exhibiting a maximum dimension of (corresponding to the two 
pairs of Cu···Cu distances) 25.458 × 27.079 Å. Each two N atoms 
of one tppa coordinated to two [CuBr]2 clusters, forming a 2D 
wave-like sheet; a noteworthy feature of this network is the 
presence of a pair of left-handed and right-handed 1D helical 
channels alternately arranged; the Cu···Cu distance is 18.484 Å 
(Figure 2).
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A new copper(i) coordination polymer [(tppa)(CuBr)]n·Ésolvents with a rare 2D®3D polythreaded framework was synthesized in a 
diffusion process by employing the triangular N-containing ligand tris[4-(4-pyridyl)phenyl]amine (tppa). 

†	 Synthesis of complex 1 (general procedure): 5.0 ml of DMF containing 
tris[4-(4-pyridyl)phenyl]amine (tppa) (10 mg) was placed in the bottom 
of a tube, 5.0 ml of DMF–MeCN (1:1) was layered on the top of which; 
then, 4.0 ml of MeCN containing CuBr (20 mg) was layered on the top. 
The test tube was sealed and allowed to stand at room temperature for 
two weeks. Faint yellow crystals were collected (yield: ~40% based on 
tppa), but they were unstable in air.
‡	 Crystallographic data for 1. Crystals of C33H24BrCuN4 (M = 620.01) 
are monoclinic, space group P21/n, at 273 K: a = 10.176(2), b = 29.092(6) 
and c = 12.453(3) Å, b = 112.994(4)°, V = 3393.7(13) Å3, Z = 4, dcalc = 
= 1.214 g cm–3, m(MoKa) = 1.845 mm–1, F(000) = 1256. 16542 reflec­
tions were measured and 5927 independent reflections (Rint = 0.060) were 
used in a further refinement. The refinement converged to wR2 = 0.2102 
and GOF = 1.00 for all independent reflections [R1 = 0.0903 was calculated
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Coordination environment of Cu(Figure  1  i) in 1. The hydrogen atoms 
are omitted for clarity. Symmetry codes: #1 = 1.5 – x, 0.5 + y, 0.5 – z; #2 = 
= –x, 2 – y, –z; #3 = –1.5 + x, 1.5 – y, –0.5 + z. Selected bond lengths (Å) 
and angles (°): Cu(1)–N(4#1) 2.022(4), Cu(1)–N(1) 2.042(3), Cu(1)–Br(1) 
2.7036(8); N(4#1)–Cu(1)–N(1) 114.99(14), N(4#1)–Cu(1)–Br(1) 106.24(11), 
N(1)–Cu(1)–Br(1#2) 108.23(13), N(4#1)–Cu(1)–Br(1#2) 103.24(10), N(1)–
Cu(1)–Br(1) 106.18(11), Br(1#2)–Cu(1)–Br(1) 118.28(2).

against F for 4435 observed reflections with I > 2s(I)]. The measurements 
were made on a Bruker Apex Smart CCD diffractometer with graphite-
monochromated MoKa radiation ( l = 0.71073 Å). The structure was solved 
by direct methods, and the non-hydrogen atoms were located from the 
trial structure and then refined anisotropically with SHELXTL using full-
matrix least-squares procedures based on F2 values.31 Hydrogen atom 
positions were fixed geometrically at calculated distances and allowed to 
ride on the parent atoms. The distribution of peaks in the channels of 1 were 
chemically featureless to refine using conventional discrete-atom models, 
to resolve these issues, the contribution of the electron density by the 
remaining solvents was removed by the SQUEEZE routine in PLATON.32

	 CCDC 981322 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk. For details, 
see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2014.
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In complex 1, only two N atoms of each tppa coordinate to 
Cu(i); thus, the [CuBr]2 unit acts as a 4-connector and tppa acts 
as a linker; the network is 4-connected (4, 4) sheet (Figure 3). 
The uncoordinated pyridyl groups perpendicularly decorated the 
sheet upwards and downwards, exhibiting an overall multiarmed 
sheet pattern. The large windows within the sheets and the 
dangling arms provide the possibility for the ultimate realization 
of a polythreaded framework. The multiarmed sheets stacked 
parallel in the ABCABC mode, and the uncoordinated pyridyl 
groups extend into the windows of adjacent sheets in a mutual 
relationship (Figure 4). The effective length from an N-center to 
the terminal uncoordinated nitrogen atom of the tppa is about 
8.634 Å (longer than the stacking distance of sheets) contributable 
to the formation of threading. Each window is pierced by four 
uncoordinated pyridyl groups that belong to four adjacent layers 
resulting in a 2D®3D polythreaded network (Figure 5). The 
interpenetrated mode and the formation of the helices benefit not 
only from the shape of the bridging ligands but also from the 
large windows.

Up to now, the polythread is commonly assembled from lower 
dimensional motifs, such as 0D rings with side arms giving 1D 
or 2D arrays,23,24 molecular ladders with dangling arms resulting 
in (1D®2D) or (1D®3D) polythreaded arrays,19,25 1D chains of 
alternating rings and rods (1D®1D),26,27 1D chains and 2D sheets 
(1D + 2D®2D) or (1D + 2D®3D),15,28 1D chains and 3D framework 
(1D + 3D®3D).29 So far, only a few 2D®3D polythreaded 
networks have been reported.30 In polythreaded networks, almost 
all of which are mixed-ligand coordinated polymers, as far as 

we know, only rare examples of polythreaded networks were 
constructed by a single ligand. One example of 1D®2D 
polythreaded bi-dimensional layers [Ag2(bpethy)5](BF4)2 was 
reported on 1,2-bis(4-pyridyl)ethyne(bpethy) ligand by Carlucci 
et al.19 Meanwhile, in this work, a new 2D®3D polythreaded 
framework was constructed by a single tripodal ligand. In addition, 
most of dangling arms penetrate through the two neighboring 
sheets in polythreaded arrays, but the uncoordinated pyridyl 
groups in complex 1 extend into four neighboring sheets. 

In summary, a new 2D®3D polythreaded coordination poly­
mer [(tppa)(CuBr)]n·Ésolvents 1 has been synthesized, which is 
constructed in such a way that the tppa ligand with free nitrogen 
cap in one sheet penetrated through the neighboring four sheets, 
forming a 2D®3D polythreaded network.
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