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Synthesis and Structure of a Hexatungstate-Templated 3D Supramolecular
Network [La,(DNBA),(DMF)s][WO]

WANG Xiu-Li* BI Yan-Feng LIU Guo-Cheng LIN Hong-Yan
(Faculty of Chemistry and Chemical Engineering, Bohai University, Jinzhou, Liaoning 121000)

Abstract: A new three-dimensional (3D) lanthanide-aromatic monocarboxylate dimer supramolecular network
[Lay,(DNBA),(DMF)s][WeOy] (DNBA =3,5-dinitrobenzoate, DMF =dimethylfomamide) was synthesized using hex-
atungstate anion (W40,5") as template. The crystal structure of the title compound has been determined by single-
crystal X-ray diffraction. It crystallizes in triclinic, space group Pl with a=1.334 54(18) nm, 5=1.387 52(19) nm,
¢=1.426 06(19) nm, «=102.189(2)°, B=101.023(2)°, y=116.349(2)°, V=2.187 2(5) nm’, D,=2.364 g-cm~, Z=1,
F(000)=1453.40. The single crystal structure reveals that two La(ll) ions are bridged by four 3,5-dinitrobenzoate
anions as asymmetrically bridging ligands, leading to dimeric cores, [Lay(DNBA),(DMF)s]**; [La,(DNBA),(DMF)s]**
groups are joined together by -7 stacking interaction between the aromatic groups to form a two-dimensional
grid-like network; the 2D supramolecular layers are further extended into 3D supramolecular network with a 1D

box-like channels by hydrogen bonding interactions, in which hexatungstate polyanions reside. CCDC: 284694.
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0 Introduction POMs building blocks and various organic ligands

(such as N-containing ligands, amino acids, polypep-

polyoxometalates (POMs), in addition to their im- tides, tetrathiafulvalences, organometallics and cy-

portance in catalysis,  biochemical separation and [4-7]

clopentadienyl derivatives) These assemblies pos-

medicinal chemistry, play an important role for the sess interesting one-(1D), two-(2D), and three-dimen-

design of new materials with novel electronic, magnet- sional (3D) structures and exhibit potential applica-
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ic and topological properties™. A new area of interest tions in catalysis, medicine, and electrical-conductive

is the construction of supramolecular arrays based on and magnetic materials®. Several successful strate-

W H 1 . 2005-11-07, & chi H 1 . 2006-03-09

1748 11 SR B 56 42 (No.20032138) At i [ 11 )5 B 27 5k 42 (No.200435144) 52 Bl
i I R N . E-mail : wangxiuli@bhu.edu.cn

B H TR, 2,34 % W BB BT ) 2R,



- 958 - kol A

¥ %R

E I

gies have been developed to integrate POMs into hy-
brid solid-state materials!"”, which are mainly based
on simple material by hydrothermal methods. Most re-
cently, POMs-templated transition metal coordination
polymers have been synthesized™. However, no high-
dimensional rare-earth complex network encapsulating
polyoxoanions has been reported yet.

Supramolecular assemblies constructed from or-
ganic and/or inorganic molecular building blocks has
attracted extensive interest owing to their novel and
diverse topologies and potential applications in host-
guest chemistry, shape-selective catalysis, absorption,
electrical-conductive, magnetic, and photosensitive
materials!®. Tn the recent years lanthanide complex-
es have also attracted much attention owing to their
special spectroscopic and magnetic properties, as well
NMR

magnetic resonance imaging agent and

as their potential use as luminescent probes,
shift agents,
radiotherapeutic agents!™'. In the hope that the com-
bination of lanthanide complex with POMs allows the
creation of new network with unique physical proper-
ties, we have reported a kind of novel hexamolybdate-
templated, 3-D supramolecular network based on lan-
thanide dimers"'®. Tn this paper, we continue to re-
port a new hexatungstate-templated, 3-D supramolec-
ular network based on lanthanum dimers building
block, [La,(DNBA),(DMF)][W40,9] (DNBA =3,5-dini-
trobenzoate, DMF=dimethylfomamide). The title com-
pound exhibits an interesting 3D box-like “host” net-
work constructed from lanthanum dimers by -7
stacking and hydrogen bonding interactions, in which

hexatungstate “guests” reside.
1 Experimental

1.1 Synthesis

[(n-C4Ho)uN],W 0o was synthesized by the method
of the literature and characterized by IR spectra and
ICP. 8 ml DMF solution of [(n-C4H),N|,W¢Oy (0.163 7
g) and 5 mL glacial acetic acid (HOAc) solution of 3,
S-dinitrobenzoic acid (0.106 g) were added dropwise
to a stirred 5 ml ethanol (EtOH) solution of La(NOs);*
6H,0(0.216 g) in succession. The light yellow solution

was stirred at 55 °C for 2 h. The resulting solution was

filtrated and then allowed to evaporate in air at room
temperature.  Slow evaporation afforded light yellow
crystal of the title compound. 15 % yield based on W.
Elem. Anal. Cale. for Cs,Hggla,W(N;05,(%): C, 20.06;
H, 2.20; N, 7.20; W 35.43; La, 8.92; Found(%): C,
20.01; H, 2.16; N, 7.22; W 35.38; La 8.95; FTIR data
(em™): 310 5(w), 293 6(w), 165 2(s), 162 7(s), 158 3
(w), 154 1(s), 149 7(w), 145 9(w), 143 8(w), 140 O(m),
134 8(s), 125 1(w), 110 9(w), 981(s), 813(s), 723(s),
672(m).
1.2 Crystal structure determination

A yellow single crystal of the title compound with
dimensions of 0.34 mm x0.28 mmx0.16 mm was se-

lected for the structural analysis. Data were collected

on a Bruker Smart 1000 CCD diffractometer with Mo
Ko radiation (A=0.071 073 nm) at 294(2) K in the
range of 1.54°<6<26.48°.
rection was applied (8.916 mm™).

Empirical absorption cor-
A total of 12 457
(8 840 unique, R;,=0.024 8) reflections were measured.
The structure was solved by the direct method
and refined by the Full-matrix least-squares on F? us-
ing the SHELX-97 software™?!. All of the non-hydro-
gen atoms were refined anisotropically. All the hydro-
gen atoms were located by using the Fourier differ-
The final R, and wR, was 0.036 1 and
0.126 7, respectively. A summary of the crystallograph-

ence maps.

ic data and structural determination for the title com-
pound is provided in Table 1.
CCDC: 284694.
Table 1 Crystal data and structure refinement details

for the title compound

Empirical formula Cs,Hgla;N 05, W
Formula weight 3 114.08
Crystal system Triclinic
Space group P1

a/ nm 0.133 454(18)
b/ nm 0.138 752(19)
¢ /nm 0.142 606(19)
al () 102.189(2)
B/ 101.023(2)

v 1) 116.349(2)

V / nm? 2.1872(5)

A 1

Dy ! (g-cm™) 2.364
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Continued Table 1

©/ mm™ 8.916

F(000) 1 458.0

Crystal size / mm 0.34 x 0.28 x 0.16

Temperature / K 294(2)

Orivs Ou 1 (°) 1.54, 26.48

Index range -16<h=<16
-17<k<17
-17<i<15

Reflections unique 8 840 (R;,=0.0248)

Ri[I>20(D)) 0.036 1

wRI>207(1)] 0.071 1

Goodness-of-fit on F* 1.062

R =S FIVSIE); oRo=S aw(F —FYS[w(F "
2 Results and discussion

2.1 Preparation of the title compound

The self-assembly reaction of La(NOs); with 3,5-
dinitrobenzoic acid and hexatungstate at the DMF-
HOAc-EtOH mixed solution is an effective route for
preparation of a new rare-earth supramolcular network
containing POM. The isolation of the title compound
depends on the choice of ligands containing car-
boxylic acid and solvent system. If the 3,5-dinitroben-
zoic acid was replaced by benzoic acid or sodium of
terephthalic acid at the same conditions, we could not
obtain the expected single crystal but only precipitate.
If HOAc was not added into the reaction system, a lot
of white precipitate was obtained probably due to the
decomposition of polyoxoanion at neutral or basic so-
lution.
2.2 Crystal structure of the title compound

X-ray crystallography shows that the title com-
pound consists of a lanthanum-3,5-dinitrobenzoate-
dimethylfomamide dimer [La,(DNBA),(DMF)s** cation
and a polyoxoanion W40,5*~. The polyoxoanion W05*~
is the well known Lindquist structure and consists of a
central oxygen atom about which are arrayed six metal
atoms in an octahedral geometry. Three kinds of oxy-
the terminal

gen atoms exist in the cluster, that is,

double-bridging oxygen O, and central
oxygen O, Thus, the W-O bond lengths can be
grouped into three sets: W-0, 0.169 6(5)-0.170 1(5)

nm, W-0, 0.190 0 (5)-0.194 2 (5) nm, and W-O,

oxygen O,

0.231 91(4)-0.233 16(4) nm.

The lanthanum complex cation contains two La(ll)
centers bridged by four 3,5-dinitrobenzoate anions,
leading to a dimeric [La,(DNBA),(DMF)s]** core. The
perspective view of the dimer cation together with the
atomic numbering scheme is illustrated in Figure 1.
Each La ion is nine-coordinate bonding to four bridg-
ing oxygen atoms and one oxygen atom of four 3,5-
dinitrobenzoate units and four oxygen atoms from four
DMEF. The La-O distances range from 0.247 7 (6) to
0.297 6(5) nm, the average La-O distance is 0.256 1
nm. It should be noted that four 3,5-dinitrobenzoate
ligands can be described as two groups (I and II).
Group | contains two 3,5-dinitrobenzoate ligands act-
06 (or O6A)
metal atoms (La and LaA), and O7 (or O7A) only co-

ordinates to one metal atom La (or LaA). The distance

ing as tridentate fashion. bridges two

between the bridging oxygen atom O7A and La is
0.297 6(5) nm, which is the longest distance around
the La ion. Selected bond distances and angles for the
complex are listed in Table 2.

The angles O7-La-O7A and La-O7-LaA are
74.9(2)° and 105.1(2)°, respectively. Hence, it is not-
ed the four-membered ring La-O7-LaA-O7A is obvi-
ously perfectly planar and correspondingly the two 3,
5-dinitrobenzoate ligands are also in the same plane.
The other two 3,5-dinitrobenzoate ligands act as
O8A and OS5 coordinate to La and

These two ligand molecules are

bidentate fashion.
LaA, respectively.
parallel each other. Schematic illustration of the coor-
dination fashion of the dimer cation is shown in
Scheme 1.

The most unusual structural feature of the title
compound is that dimeric cation [Lay(DNBA),(DMF)s**
groups are joined together by offset -7 stacking in-
teraction between aromatic rings along the b-axes to
form a two-dimensional grid-like network, as shown in
Fig.2.

aromatic rings is 0.35 nm along the b-axis.

The close contact distance between adjacent
As is de-
scribed above, each lanthanum dimer possesses four
DMF molecules and four 3,5-dinitrobenzoate, and the
oxygen atoms from the nitro-group of 3,5-dinitroben-

zoate in one 2D layer are linked to carbon atoms from
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Scheme 1

Schematic illustration of the coordination

fashion of the dimer cation. The DMF

molecules have been omitted for clarity

the methyl group of DMF molecules in another 2D
layer through a weak hydrogen bonding interaction
(Table 3).

Therefore, the 2D supramolecular layers are fur-
ther extended into 3D supramolecular network with
1D box-like channels, as shown in Fig.3. The size of
the box is 0.72 nm x 0.74 nm. The polyoxoanion was
cluster anion and well

encapsulated inside as “guest”

surrounded by these “host” box-like units. Although

Chen et al.

work on monomeric metal complexes that extended

and other groups have reported related

into 3D network via supramolecular interactions such
as H-bonds and 7r-7 stacking interactions with small

(2231 Zubieta et al. have reported com-

anions as guests
posite solid constructed from 1D or 3D coordination
polymer matrices and molybdenum oxide subunits by
hydrothermal method, in which polyoxoanions were

encapsulated®; Keller et al. have reported POM-tem-

Fig.1

Structure of [Lay(DNBA),(DMF)s]** dimer cation,

the hydrogen atoms are omitted for clarity

Table 2 Selected bond distances (nm) and angles (°) for the title compound

W(1)-0(24) 0.191 7(5)
W(1)-0(26) 0.233 16(4)
La(4)-0(7) 0.248 6(5)
La(4)-0(8) 0.249 4(5)
La(4)-0(4) 0.252 8(6)
La(4)-0(1) 0.256 0(6)
La(4)-C(20) 0.311 0(7)
0(7)-La(4)-0(2) 79.44(18)
0(5)-La(4)-0(8) 128.44(17)
0(5)-La(4)-0(6) 85.15(18)
0(7)-La(4)-O(7)#1 74.90(16)
0(8)-La(4)-0(7)#1 65.40(15)
La(4)-0(7)-La(4)#1 105.10(16)
0(25)-W(1)-0(24) 87.4(2)
0(17)-W(1)-0(26) 179.7(2)
W(2)-0(26)-W(2)#2 180.0

W(2)-0(19) 0.170 1(5)
La(4)-0(3) 0.247 7(6)
La(4)-0(5) 0.248 4(5)
La(4)-0(2) 0.250 7(6)
La(4)-0(6) 0.253 4(5)
La(4)-0(7)#1 0.297 6(5)
0(7)-C(20)#1 0.126 1(8)
0(7)-La(4)-0(8) 76.64(16)
0(7)-La(4)-0(6) 121.01(16)
0(8)-La(4)-0(6) 77.01(18)
0(5)-La(4)-O(7)#1 67.41(16)
0(6)-La(4)-0(7)#1 46.15(14)
0(17)-W(1)-0(25) 103.7(2)
0(25)- W(l) 012 152.9(2)
W(3)-0(25)-W(1) 117.02)
W(2)- ()(26) W(1) 89.960(14)

Symmetry transformations used to generate equivalent atoms: #1: —x+1,—y,—z; #2: —x+1,—y+1,—z+1
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Table 3 Interatomic distances (nm) involving hydrogen-bonded atoms in the title crystal
D-H---A d(D-H)/ nm d(H---A)/nm d(D--A)/ nm £ DHA/(°)
C(6)-H(6A)-+-0(12)(x,~1+y.2) 0.096 0.249 0.34430 170
C(11)=H(11B)---0(9)(1-x,1-y,~2) 0.096 0.243 0.31227 129
C(12)-H(12A)---O(1 1)(2—x,1-y,~z) 0.096 0.256 0.31628 121

[12]

plated coordination polymer There is no report on

rare-earth-carboxylate high dimensional “host” net-

work encapsulating hexatungstate anion.

Fig.2 Ball and stick representation of grid-like cavity based
on lanthanum dimers encircling W05~ anions along
the a axis. The DMF molecules have been omitted for

clarity

Fig.3 Space-filling diagram of the 3D “host” network and the
box-like cavities of the title compound constructed from
lanthanum dimers by 77-7 stacking interaction between
aromatic rings and hydrogen bonding interaction (along

@ axis)

2.3 FTIR spectroscopy
In the IR spectrum of the title compound, the

characteristic peaks at 813 and 981 ecm™ are attribut-
ed to the »(W-0-W) and »(W=0) of the W0~
polyanions, respectively. The feature band at 1 652
cm™ can be ascribed to ¥(C=0) of DMF. Bands in the
range of 1 459~1 583 ecm™ are characteristic of the
The characteristic

peaks at 1 541 and 1 438 cm™ are attributed to the

phenyl ring of 3,5-dinitrobenzoate.

0-C-0 group of 3,5-dinitrobenzoate.

In conclusion, a new supramolecular architec-
tures based on W0,>~ and lanthanum dimers building
block [La, (DNBA), (DMF)] [W0,6] (DNBA =3,5-dini-
trobenzoate, DMF=dimethylfomamide) have been syn-
thesized and structurally characterized. Here W0 ,4*
act as a non-coordination template around which a 2D
grid-like network is constructed by 7-7 stacking in-
teraction of aromatic ring of the adjacent lanthanum
complex; the 2D framework is further extended into
3D box-like network by hydrogen-bonding interaction

of adjacent lanthanum complex.
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