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Two-dimensional Cu Coordination Polymer: [Cu,Cl,(4,4'-dipyen)]
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Abstract

Under hydrothermal conditions, a 2-dimensional copper(I) coordination polymer [Cu,CL,(4,4'-
dipyen)] (1) was prepared from [Cu(OAc),]-H,0, 4,4'-dipyen, and KCI. In polymer 1, copper
atoms are linked by the 4,4'-dipyen ligands approximately along the b-axis and are also linked by
the chloro ligands approximately along the g-axis to form a 2-D layer, a network of rectangles.

o
S

OF
o

4 1k 27 3ol A, [Cu(OAc),]'H,0, 4,4-dipyen, 18] KCIZHE] 231 F-2] wig] I3
2} Cu,Cl(4,4'-dipyen)] (1)e] T, T8A 1 el A, T2 AA4So] 4,4-dipyen HF=E2
ohef b2 Weko 2 AAH T, w3 Cl SR B o Weko 2 AR o] 2 28 o)

Fejel 2214 Fo] A

1. Introduction

Coordination polymers with various topologies
are currently under intensive study because of their
remarkable properties applicable to catalysis, chiral-
ity, conductivity, luminescence, magnetism, adsorp-
tion, porosity, and gas storage.'"'” In preparing these
polymers, multi-functional carboxylates or dipyridyl
derivatives are typically used. For example, Yaghi
and co-workers have reported many intriguing coor-
dination polymers by employing di- or multicarbox-
ylato ligands."™"> For the past few years, our research
group has reported on the preparation of several
coordination polymers based on dicarboxylates or
dipyridyls under hydrothermal or solvothermal con-
ditions.'**”

Several types of 4,4'-dipyridyl-type linking ligands
are now known (Chart 1): L', L>”" L’” L*, L3>
L6’24) L7, Ls’zs) Lo’ Lm’z()) L",27) and L22® Very
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recently, we also prepared several long dipyridyl-
type ligands L"~L' and their coordination poly-
mers: [Zn(H,0),L"]:(MeOH), [Zn(NO,)(H,0),L"]
(NO,)(H;0),, [ZnL*(NO;),], [CoL™, 5(NO;),], [CoL™,
(NO,),]-X (X =benzene or toluene), [ZnL'*(NO;),],
[ZnL'(NO;),], [CAL", {(NO,),], and [COLIG(bpdC)]'
(EtOH) (bpdcH, = biphenyl-4,4'-dicarboxylic acid)
(Chart 2).**? Among them, eight ligands (L?, L*,
L’, L% and L"~L') were prepared by Schiff-base
condensation.

As a continuation of our research, we set out to
prepare novel copper coordination polymers by em-
ploying the dipyridyl-type ligands. When Cu(OAc),’
H,O (copper(ll) acetate monohydrate) was treated
with 4,4'-dipyen [1,2-di(4-pyridyl)ethylene] in the
presence of KCl under hydrothermal conditions, a
2-D copper(I) coordination polymer [Cu,Cl,(4,4'-
dipyen)] (1) was produced. We report herein the
preparation and structure of this polymer.
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2. Experimental Section

All solid chemicals were purified by recrystalli-
zation, and all solvents were distilled and stored
over molecular sieves. IR spectra were recorded
with a Nicolet 320 FTIR spectrophotometer.

Preparation of [Cu,CL(4,4'-dipyen)] (1) A mix-
ture of [Cu(OAc),]-H,O (0.100 g, 0.500 mmol), 4,4'-
dipyen (0.050 g, 0.274 mmol), KCI (0.050 g,
0.670 mmol), and H,O (6.0 ml) was heated in a
23-ml Teflon-lined vessel at 180°C for three days
and then air-cooled to room temperature. The orange
crystalline product was collected by filtration, washed
with H,O (2x5ml) and ethanol (2 x5 ml), and
then air-dried to give polymer 1 (67% yield). IR
(KBr, cm™): 3424 (br), 2954 (m), 1462 (m), 1411
(m), 1271 (m), 1150 (s), 1076 (s), 779 (m), 533
(m).

X-ray structure determination. All X-ray data
were collected with use of a Siemens P4 diffracto-
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Table 1. X-ray data collection and structure refine-
ment

formula C,H,(N,Cl,Cu,
fw 380.20
temperature, K 293(2)
crystal system monoclinic
space group P2/c

a, A 3.765(2)
b, A 14.971(3)
c, A 10.818(3)
B, deg 96.42(2)
v, A 606.0(4)
V4 2

d,, g cm™ 2.084

w, mm™ 3.927

Tonin 0.1301
Tonax 0.1728
F(000) 376

No. of reflections measured 1253

No. of reflections unique 1066

No. of reflections with /> 2c(J) 906

No. of parameters refined 82

260 range (°) 3.5~50.0
GOF (goodness-of-fit on F7) 1.080
Max., min. in Ap (e A™) 0.394 , —0.543
R1* 0.0344
WwR2" 0.0859

‘R1=X|F) - |FIVEIF,), "wR2 = S[w(F,” — F2YV=[w(F,?]"

Table 2. Atomic (x 10%) and equivalent isotropic
displacement parameters (A”x 10%)

Cu(l) 2312Q2)  5625(1)  4402(1)  53(1)
CI(1)  31142)  4990(1)  6581(1)  36(1)
N(I)  1877(8)  6925(2)  4694(3)  32(1)
C(1)  3284(10) 7312(2) 5742(3) 37(1)
C(2)  3023(10) 8206(2) 5972(3)  35(1)
C3)  1234(9)  8761(2) 5093(3) 30(1)
C(4)  —208(10) 8362(2) 3989(3)  35(1)
C(5) 165(10)  7461(2)  3840(3)  36(1)
C(6) 881(9)  9706(2)  5364(3)  32(1)

meter equipped with a Mo X-ray tube. Details on
crystal data and intensity data are given in Table 1.
The orientation matrix and unit-cell parameters
were determined by least-squares analyses of the
setting angles of 22 reflections in the range 15.0° <
20 <25.0°. The intensity data were empirically cor-
rected for absorption with y-scan data. All calcula-
tions were carried out with the use of the SHELXTL

programs.””
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Table 3. Selected bond lengths (A) and bond angles (°)

Cul-N1 1.981(3) Cul-Cl1#1
Cul-Cll 2.528(1) Cul-Cul#1
NI-Cul-Cl1#1 122.92(9) NI-Cul-Cl1#2
N1-Cul-Cl1 102.22(9) Cl1#1-Cul-Cl1

2.314(1) Cul-Cl1#2 2.381(2)
2.947(1) Cul-Cul#2 2.952(1)
111.66(9) Cl1#1-Cul-Cl1#2 106.65(5)
105.15(4) Cl1#2-Cul-Cl1 106.14(4)

Symmetry transformations used to generate equivalent atoms: #1=-x+1, -y +1, z+1; #2=—x, -y + 1, =+ 1

An orange crystal of 1 of approximate dimensions
0.24 x 0.18 x 0.16 mm, shaped as a block, was used
for crystal and intensity data collection. The unit-
cell parameters and systematic absences [#0/ (I =2n
+ 1) and 0k0 (k=2n+ 1)] unambiguously indicated
P2,/c as a space group. The structure was solved by
direct methods. All non-hydrogen atoms were refined
anisotropically. All hydrogen atoms were generated
in idealized positions and refined in a riding model.
Final atomic coordinates for 1 are given in Table 2.
Selected bond lengths and angles are given in Table
3.

3. Results and Discussion

Preparation. A 2-dimensional copper(I) coordi-
nation polymer [Cu,Cl,(4,4'-dipyen)] (1) was pre-
pared in 67% yield from [Cu(OAc),]'-H,O, 44'-
dipyen, and KCIl under hydrothermal conditions.
The formal oxidation state of polymer 1 indicates
that the copper metal in the starting compound was
reduced from +2 to +1 during the reaction.

Structure. A monomer unit of polymer 1 with
the atom-numbering scheme is shown in Fig. 1, in
which an asymmetric unit consists of one half 4,4'-
dipyen ligand, one chloro ligand, and one copper

atom. The copper atom is bonded to one nitrogen
atom (4,4'-dipyen), three chlorine atoms, and other
two copper atoms, leading to a 6-coordinate copper.
The Cu--Cu distances (2.947(2) and 2.952(2) A)
indicate weak Cu-Cu single bonds (the covalent
radius of Cu is 128 A). Each chlorine atom is
bonded asymmetrically to three copper atoms (Cul-
Cl=2.314(1)-2.528(1) A). Polymer 1 is isostruc-
tural with [Cu,CL,(4,4'-dipyrine)].*” In contrast, the
structure of polymer 1 is essentially different from
that of [CuCl(4,4'-dipyrine)], a 3-D structure con-
structed on the basis of mutually interpenetrating
sheets and channels.*

A projection along the c-axis is presented in Fig.
2. Copper atoms are linked by the 4,4'-dipyen
ligands approximately along the b-axis and are linked
by the chloro ligands approximately along the a-
axis to form a 2-D layer, which can be described as
a network of rectangles. In particular, the [CuCl]
units form a stair-like conformation in the [010]
direction.

In summary, we prepared a 2-D copper(I) coordi-
nation polymer [Cu,Cl,(4,4'-dipyen)] from [Cu(OAc),]
H,O, 4,4'-dipyen, and KCI under hydrothermal con-
ditions. X-ray structural study of this polymer
revealed that it has a 2-D network of rectangles.

Fig. 1. Local coordination environments of Cu metals in polymer 1. Unlabeled atoms are related to the

labeled ones by the crystallographic inversion.
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Fig. 2. Packing of polymer 1 along the c-axis.
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