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Two extended coordination frameworks of Cd-squarate
complexes with the formulas [Cd(C404)2.5(H20)4](dpaH)-
1.5(H,0) (1) and [Cd(C404)(dpa)(H,0)] (2) (dpa = 2,2'-dipyr-
idylamine) have been synthesized under hydrothermal con-
ditions and characterized by single-crystal X-ray diffraction
studies. Structural determination reveals that compound 1
consists of a free monoprotonated 2,2'-dipyridylamine ion
(dpaH*) and a two-dimensional (2D) anionic, layered frame-
work, {[Cdy(C404),.5(H20)4]7}, which is formed with two anti-
prismatic square-boxes as the fundamental building unit
through the connection between Cd" ions and hybrid p 5 3-,
l1,234-squarates. Each square-box acts as a host for the in-
clusion of one pyridine ring of dpaH*. Adjacent dpaH™* cat-
ions are then self-assembled by the parallel alignment of the

other pyridine ring of dpaH* to complete a 3D network with
one-dimensional (1D) channels intercalated by water mole-
cules. Compound 2 contains a distorted octahedral Cd" cen-
ter coordinated by two squarates, two waters and one dpa
ligand to form a 1D 2-legged, ladder-like framework by the
connection of a [Cd(dpa)(u,-H,0)],** dimeric unit and a p »-
squarate. Weak n—n stacking interaction and hydrogen bonds
of N-H:--O, O-H---O and C-H---O among the squarate, water
and dpa ligands provide additional intra- and intermolecular
interactions on the stabilization of these two polymeric
frameworks.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Metal-organic frameworks (MOFs)!'=3] have been at-
tracting much attention owing to their potential applica-
tions as functional solid materials in gas storage, molecular
sieves, size- or shape-selective catalysis, and ion ex-
change,[®1 as well as because of their versatile structural
topology. The design and synthesis of new open-framework
coordination polymers have been the focus in current chem-
ical and new material research. Of particular importance is
the ability of the organic molecules to influence profoundly
the structures of synthesized products, and to direct their
formation with specific structures and potential applica-
tions, such as magnetism, host-guest chemistry, shape
specificity and catalysis. In a relevant approach, the
squarate (dianion of 3,4-dihydroxycyclobut-3-ene-1,2-dione,
H,C,0,) serves as a unique ligand, which possesses a four-
membered cyclic aromatic structure, characterized by exten-
sive m-electron delocalization over all carbon and oxygen
atoms. Accordingly, squarate has been known as a poly-
functional ligand providing hydrogen bonding, n—r interac-
tions, and the construction of extended frameworks. It is
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also widely used as a bridging ligand bonded with metal
ions in various bridging modes to create numerous amazing
metal-squarate frameworks, including one-dimensional
(1D) chain, two-dimensional (2D) layer, three-dimensional
(3D) cube- and cage-like frameworks.['%17] Many squarate-
bridged metal complexes with L - or p, 3-bridging modes
incorporating different nitrogen-based, flexible ligands have
been structurally characterized!'3 24 and showed interesting
magnetic behavior.””! In this contribution, we report the
hydrothermal syntheses, structures and thermal stability
of two mnovel Cd-squarate coordination frameworks,
[Cda(Cy04)2.5(H,0)4](dpaH)-1.5(H,0) (1) and [Cd(C40.)-
(dpa)(H,O)] (2) by using flexible dpa and rigid squarate li-
gands as building blocks to form 3D microporous and 1D
ladder-like extended networks.

Results and Discussion

Synthesis and IR Spectroscopy of Compounds 1 and 2

The reaction was carried out under hydrothermal condi-
tions, by adjusting various molar ratios of [Cd(NOs),]:
4H,0, dpa and H,C,0, (Table 1). The results showed that
compounds 1 and 2 are not controlled by stoichiometry but
rather by the pH-controlled products. Compound 1 was the
favored product with relatively lower pH value (pH < 4),
whereas compound 2 was the dominant product with rela-
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tively higher pH value (pH > 4). Both compounds are air-
stable at ambient temperature and insoluble in common sol-
vents, such as water, alcohol and acetonitrile. The N-H
stretching vibrations of both compounds appear in the
30003400 cm ! region, and their frequencies are consistent
with the existence of hydrogen bonds between N-H and
several H-acceptor groups. The most relevant IR features
are those associated with the chelating squarate ligands.
The coordinated CO groups are characterized by medium
absorptions at 1664 and 1656 cm ! for 1 and 2, respectively.
A very strong band centered at around 1500 cm™! is attrib-
uted to the vibrational modes of a combination of C-O
and C-C stretching motions; the assignment of which is in
agreement with the characteristic of the (CO),> salts.*]

Table 1. Products for different reaction conditions by adjusting mo-
lar ratios of [Cd(NOs),]-4H,0, dpa and H,C4O,.

Molar ratios in 6 mL water pH value Product
[Cd(NO;)z]""HzO dpd H2C404

0.1 mmol 0.1 mmol 0.1 mmol 245 1

0.1 mmol 0.15mmol 0.1 mmol 3.17 1

0.1 mmol 0.2 mmol 0.1 mmol 4.31 2

0.1 mmol 0.125 mmol 0.06 mmol 4.13 2

Crystal Structure of [Cd,(C404),.5(H,0)4]l(dpaH)-1.5(H,0)
(1)

The X-ray structure determination reveals that com-
pound 1 consists of a 2D anionic [Cd,(C404), 5(H>O)4] lay-
ered MOF [Figure 1 (top)], a monoprotonated dpaH™* [Fig-
ure 1 (bottom)], and crystallization water molecules. The
2D anionic [Cd,(C404)-.5(H>0),] layer consists of three in-
dependent slightly distorted octahedral Cd" ions in the
asymmetric unit, in which the Cd(1) atom is bonded to six
oxygen atoms from four p, , 3-squarate and two water mole-
cules with the following bond lengths: Cd(1)-O(1) 2.336(2),
Cd(1)-0(3) 2.298(2), Cd(1)-O(5) 2.307(2), Cd(1)-O(7)
2.295(2), Cd(1)-O(11) 2.255(2), and Cd(1)-O(12)
2.234(2) A (Figure 1). The Cd(2) and Cd(3) atoms are both
located at the inversion center [(1.5 2.0 0.0) for Cd(2) and
(1.0 1.5 0.0) for Cd(3)] and bonded to six oxygen atoms
from two W12 3-squarate, two L, 5 3 4-squarate and two water
molecules with the following bond lengths: Cd(2)-O(2)
2.265(2), Cd(2)-0(9) 2.322(2), Cd(2)-O(13) 2.231(2) and
Cd(3)-0(6) 2.318(2), Cd(3)-O(10) 2.279(2), and Cd(3)-
O(14) 2.236(2) A (Figure 1). The corresponding bond
lengths of the Cd—-Oyq and Cd-O,, bonds (Table 2) all fall in
the same range analogous to those in the [Cd(C404)(H,0),]
complex.['% It is important to note that the squarate ligand
(C404%), acting as a bridging ligand with two different
bridging modes, plays a key role in the construction of a
novel 2D anionic framework. Three crystallographically
distinct squarate ligands are found: the first one (C1-C4)
adopts a p, 53-bridging mode!'?! (Figure 2) to link Cd(1)
with Cd(2) (5.926 and 6.065A) and Cd(l) with Cd(1)
(8.457 A), respectively. The second one (C5-C8) also adopts
a Wy, 3-bridging mode!' to link Cd(1) with Cd(3) (5.918
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Figure 1. (top) Distorted octahedral coordination spheres of Cd(1),
Cd(2) and Cd(3) ions in compound 1 with atom labelling scheme;
hydrogen atoms are omitted for clarity. (bottom) Molecular struc-
ture of protonated 2,2’'-dipyridylamine (dpaH") cation with atom
labelling scheme; dashed lines represent N-*H-N hydrogen bond
interaction. (ORTEP drawing, thermal ellipsoids at 50% prob-
ability level).

Table 2. Selected bond lengths [A] and angles [°] for compound 1.[]

Cd(1)-0(1) 2.336(2)  Cd(1)-0(3) 2.298(2)
Cd(1)-0(5) 2.307(2)  Cd(1)-O(7) 2.295(2)
Cd(1)-0(11) 2255(2)  Cd(1)-O(12) 2.234(2)
O(1)-Cd(1)-0(3)  174.38(8)  O(1)-Cd(1)-O(5)  84.68(9)
O(1)-Cd(1)-O(7)  94.519)  O(1)-Cd(1)-O(11)  93.36(8)
O(1)-Cd(1)-0(12)  83.56(8)  O(3)-Cd(1)-O(5)  89.71(9)
0(3)-Cd(1)-0(7)  91.1009)  O(3)-Cd(1)-O(11)  86.59(8)
0(3)-Cd(1)-0(12)  92.26(8)  O(5)-Cd(1)-O(7)  178.56(8)
0O(5)-Cd(1)-O(11)  93.34(8)  O(5)-Cd(1)-O(12)  84.17(8)
O(7)-Cd(1)-O(11)  87.88(8)  O(7)-Cd(1)-O(12)  94.57(9)
O(11)-Cd(1)-0(12) 176.1909)  O(2)-Cd(2)-O(2);  180.0
Cd(2)-0(2)x2 2.265(2)  Cd(2)-O(9)x2 2.322(2)
Cd(2)-0(13)x2 2.231(2)

0(2)-Cd(2)-0(2);  180.0 0(2)-Cd(2)-0(9);  85.85(9)
0(2)-Cd(2)-0(9)  94.1509)  O(2)-Cd(2)-O(13);,  86.16(9)
0(2)-Cd(2)-0(13)  93.84(9)  0O(9)-Cd(2)-O(13)  81.87(9)
0(9)-Cd(2)-0(9);  180.0 0(13)-Cd(2)-0(13); 180.0
0(9)-Cd(2)-0(13);  98.13(9)

Cd(3)-0(6)x2 2318(2)  Cd(3)-O(10)x2 2.279(2)
Cd(3)-0(14)x2 2.236(2)

0(6)-Cd(3)-0(6);  180.0 0(6)-Cd(3)-0(10)  88.3(1)
0(6)-Cd(3)-0(10);  91.7(1) 0(6)-Cd(3)-0(14)  97.58(9)
0(6)-Cd(3)-0(14); 82.42(9)  O(10)-Cd(3)-O(10); 180.0
0(10)-Cd(3)-0(14) 95.28(9)  O(10)-Cd(3)-O(14); 84.72(9)

0(14)-Cd(3)-0(14); 180.0

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[a] Symmetry codes: (i) —x + 3, -y + 4, —z; (il) —x + 2, -y + 3, —=z.
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and 6.057 A) and Cd(1) with Cd(1) (8.434 A), respectively.
The last one (C9-C10) adopts a W, 5 34-bridging mode!!]
(Figure 2) to link Cd(2) with Cd(3) (2x5.854 and
2x6.088 A), Cd(2) with Cd(2) (8.434 A) and Cd(3)-Cd(3)
(8.457 A), respectively. To the best of our knowledge, com-
pound 1 is the first coordination framework consisting of a
Cd/squarate system with hybrid p;,3- and p;, 3 4-bridging
modes of squarates. It is also noted that, independent of
W23~ O Hy234-squarates, the differences among the four
C-0 distances are not obvious, with the averaged C-O dis-
tances of 1.254(4) and 1.255(4) A for U1 2.3-squarate and
1.252(4) A for W1.2.34-Squarate, respectively. The result indi-
cates a more m-delocalization bridging mode (Dyy,) close to
a free squarate ring. The free, monoprotonated dpaH™* cat-
ion shown in Figure 1 (bottom) adopts an anti-anti confor-
mation mode. The presence of the proton H(1) bound to
N(1) [0.754 A H(1)-N(1)] and its hydrogen bond with N(3)
[2.672(5) A N(1)~+N(3)] accounts for the anti-anti confor-
mation of dpaH™ and the quasi co-planarity of the two pyr-
idyl rings [the dihedral angles between the mean planes of
two pyridine rings is only 5.22°]. All C-C and C-N bond

|
0—M o) o0—M Oj :0
M—O [o] M—O (o] (0]

Wi 2,3,4-Squarate M1 ,2,3-Squarate W 2-squarate

Figure 2. Binding modes of squarate in compound 1 and 2.

lengths and bond angles in the dpaH* molecule are com-
parable to those reported previously.l?”]

The overall 3D architecture is depicted in Figure 3, and
can be described as the self-assembly of 2D anionic Cd-
squarate frameworks and free dpaH" cations. A face-shar-
ing double-box shown in Figure 4 (top) is the fundamental
building unit for the construction of the 2D anionic MOF.
Each box consists of an antiprismatic square Cdg skeleton,
bridged by four p;, 3-bridge squarates, acting as four sides
of the box, and by one p, » 3 4-squarate ligand, acting as the
base. Two boxes share a L, 34-squarate to form a face-
sharing double-box unit, whereas the neighboring double-
box units share a p, » 3-squarate to complete a 2D-extended
framework along the [100] and [010] directions. The dimen-
sions of the box are approximately 5.0x5.0x4.9 A (short-
est oxygen—oxygen contact distances not including the van
der Waals radii), providing a vacant space for the inclusion
of a pyridyl group of the dpaH™ cation. It is worthy to note
that the dpaH™" cation plays the other important role in the
construction of this 3D network. It acts not only as a coun-
terion to balance the charge of the Cd-squarate anionic
skeleton, but also as an inclusion molecule with one of the
pyridyl groups in dpaH™ cation inserting into each antipris-
matic box. The pyridyl groups outside the boxes are then
aligned parallel to one another (the separation distance of
4.2 A between two centroid pyridyl groups) to complete the
3D-extended network, which allows a 1D microporous
channel along the ¢ axis (Figure 2). Two free, disordered
water molecules, O15 with 0.5 occupancy and O16, O16’
with 0.67 and 0.33 occupancy, respectively, are intercalated
into these channels. Hydrogen-bond formation serves as a
important factor and is widely used in constructing coordi-
nation polymers.?®32 In compound 1, hydrogen-bonding

Figure 3. The three-dimensional extended network of [Cd,(C404), s(H,0)4](dpaH)-1.5H,0O (1) viewing along the a-axis.
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interactions, including the N-H--*N, N-H---O and O-H---O
hydrogen bonds among the dpaH*, squarate ligands and
water molecules, provide the additional stabilizing forces to
enhance the 3D microporous network. Related bond
lengths and angles of the N-H---N, N-H---O and O-H---O
hydrogen bonds are summarized in Table 3.

Crystal Structures of [Cd(C404)(dpa)(H,0)] (2)

The X-ray structural determination of compound 2 evi-
dences a polymeric arrangement with a linear 2-legged, lad-
der-like MOF, which is isostructural with [M(C404)(dpa)-
(H,0)], M = Co, Ni, Zn.’3] The Cd™ center is six-coor-
dinate and adopts a slightly distorted octahedral coordina-
tion environment bonded to two nitrogen atoms from dpa
ligands and two oxygen atoms from two squarate ligands
and two water molecules. The related bond lengths and
bond angles around the Cd center are listed in Table 4. Two
Cd ions are linked together through two bridging water
molecules to form a [Cd(dpa)(H,O)],*" dimeric fragment
(see Figure 5) in the equatorial plane [Figure 5 (top)] with
bond lengths of Cd(1)-O(5) 2.330(2), Cd(1)-O(5); 2.384(2),
Cd(1)-N(1) 2.296(2) and Cd(3)-N(3) 2.276(2) A. The
squarate ligand adopts a p; ,-binding model®*] (Figure 2) to
connect the neighboring [Cd(dpa)(u,-OH,)], fragments at
the axial sites with bond lengths of Cd(1)-O(1) 2.240(2),
Cd(1)-0(2) 2.269(2) A, constructing a 1D, linear, 2-legged,
ladderlike MOF along the a axis [Figure 5 (bottom)]. The
corresponding bond lengths of the Cd-Oyq and Cd-O,,

Table 4. Selected bond lengths [A] and angles [°] for compound 2.4

Cd(1)-0(1) 2.240(2) Cd(1)-0(2) 2.269(2)
Cd(1)-0(5) 2.330(2) Cd(1)-O(5); 2.384(2)
Cd(1)-N(1) 2.296(2) Cd(1)-N(@3) 2.276(2)
O(1)-Cd(1)-0(2) 176.56(7) O(1)-Cd(1)-O(5) 90.54(8)
O(1)-Cd(1)-O(5); 89.12(8) O(1)-Cd(1)-N(1) 91.83(8)
O(1)-Cd(1)-N(3) 92.20(8) O(2)-Cd(1)-O(5) 88.05(8)
O(2)-Cd(1)-0O(5); 87.52(8) O(2)-Cd(1)-N(1) 91.54(8)
O(2)-Cd(1)-N(3) 88.83(8) O(5)-Cd(1)-0(5); 77.78(9)
O(5)-Cd(1)-N(1)  103.05(8) O(5)-Cd(1)-N(3) 172.63(8)
O(5);~Cd(1)-N(1) 178.73(8) O(5);~Cd(1)-N(3) 95.42(8)
Figure 4. (top) Perspective side view (left) of double-box building N()-Cd(1)-NG3) 83.7009)
unit and (bottom) top view of the anti-prism square box in 1. [a] Symmetry code: (i) —x, —y, —z.
Table 3. Hydrogen bond lengths [A] and angles [°] for compound 1.[4
Donor-H Donor-+Acceptor H---Acceptor Donor—H-+Acceptor
N(1)-H(1a) 0.754 N(1)-N(3) 2.672(5) H(la)--N(3) 2.085 N(1)-H(1a)-*N(3) 135.0
N(2)-H(2a) 0.860 N(2)--O(15) 2.951(3) H(2a)--O(15)  2.143 N(2)-H(2a)--O(15) 156.5
N(2)-H(2a) 0.860 N(2)--O(15); 2.896(3) H(2a)--O(15); 2.036 N(2)-H(2a)--O(15); 178.00
O(11)-H(11) 0.888 O(11)--0(4) 2.628(3) H(11)---O(4) 1.741 O(11)-H(11)---O(4) 176.2
O(11)-H(11") 0.895 O(11)-O(8)s 2.687(3) H(11)-0(8);  1.811 O(11)-H(11")--O(8);;  165.5
O(12)-H(12) 0.871 O(12)--0(6)si 2.754(3) H(12)-0(6)y;  1.903 O(12)-H(12)--O(6);;  165.4
O(12)-H(12") 0.890 O(12)--0Q)i 2.732(3) H(12')-0(2);  1.849 O(12)-H(12')--0(2);;  171.0
O(13)-H(13) 0.873 O(13)--0(1) 2.744(3) H(13)---0O(1) 1.901 O(13)-H(13)--0O(1) 162.7
O(13)-H(13") 0.867 O(13)--0(10);, 2.814(3) H(13")--0(10);, 2.016 O(13)-H(13")--O(10);, 152.6
O(14)-H(14) 0.902 O(14)--0(5) 2.731(3) H(14)--O(5) 1.849 O(14)-H(14)--0O(5) 165.1
O(14)-H(14") 0.864 0O(14)--0(9), 2.802(3) H(14')--0(0), 1.973 O(14)-H(14')--0(9),  160.5

[a] Symmetry codes: (1) —x, | =y, 1 —z; () x, -1 +y, z; (i) 1 + x, -1 +y,z, (iv) | —x, —p, —z; (V) x, | +, z; (Vi) x, 2 + y, z; (vii) 1 — x,

1 -y 1 -z (viii) -1 + x, y, z.

Eur. J. Inorg. Chem. 2006, 820-826
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bonds fall in the same range, analogous to those in the
[Cd(C404)(H,0),] complex.['”) The Cd--Cd separations
along the pr-Oyaier and iy »-C404% bridges are 3.670(1) and
7.672(1) A, respectively. It should be noted that adjacent
ladders are displaced by half a repeating unit along the a
and c axes. This arrangement effectively prevents steric hin-
drance between the inter-ladder dpa ligands. As a result,
compound 2 favor a closer-packing building block as shown
in Figure 6. The centroid pyridine rings in dpa ligands
among the adjacent ladders are generally parallel and adopt
a face-to-face alignment (Figure 5) with the separation dis-
tance of 3.9 A, indicating a very weak but significant m—m
stacking interaction!*3-3 that may, in part, contribute to
the stabilization of the extended framework. In compound
2, two strong O-H-+-O hydrogen bonds [O(5)-H(5a)--O(4)
and O(5)-H(5b):++O(3)] are found between uncoordinated
oxygen atoms of squarate and the coordinated water mole-
cules with the O--O distances in the range of 2.528-
2.600 A. In addition, the inter-ladder interactions are
through one pair of the N-H---O [N(2)-H(2a)---O(4)] and
C-H--O [C(11)-H(11a)--O(4)] hydrogen bonds from the
same dpa molecule linked to the oxygen atom of squarate
in the neighboring ladders to form a mixed N-H-+O and
C-H---O hydrogen bonds (dashed line in Figure 6). Similar
hydrogen-bonding interactions have also been found in the

Figure 6. The molecular packing of the ladder-like framework in 2;
dashed lines represent H-bond interactions.

Figure 5. (top) Molecular structure of compound 2 with atom labelling scheme; hydrogen atoms are omitted for clarity. (ORTEP drawing,
thermal ellipsoids at 50% probability level) (bottom) Perspective view of a 2-legged, ladder-like framework along the « axis in 2.
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Table 5. Hydrogen bond lengths [A] and angles [°] for compound 2.

Donor-H [A] Donor++Acceptor [A] H-Acceptor [A] Donor—H-+Acceptor [°]

O(5)-H(5a) 0.735 O(5)-0(4) 2.600(3) H(5a)--O(4) 1.883 O(5)-H(5a)--O(4) 163.1
O(5)-H(5b) 0.922 O(5)-0(3); 2.590(3) H(5b)--O(3); 1.672 O(5)-H(5b)--0O(3); 174.0
N(2)-H(2a) 0.860 N(2)-04); 2.890(3) H(2a)--O(4); 2.092 N(2)-H(2a)--O(4);; 154.1
C(11)-H(11la) 0.930 C(11)-0(4); 3.204(4) H(11a)--O(4);  2.430 C(11)-H(11a)-O4); 140.6

[a] Symmetry codes: (i) -1 + x, y, z; (i1)) 0.5 + x, 0.5 — », 0.5 + z.

[Fe(oxa)(dpa)]?® (oxa = oxalate) and [M(dpa),(C5,04)-
(C404)] (M = Cu, Zn) complexes.* Related bond lengths
and angles of the O-H:--O, N-H-**O and C-H---O hydrogen
bonds for 2 are summarized in Table 5.

Thermogravimetric Analysis

To investigate the thermal stability of the 3D and 1D
extended framework of 1 and 2, the thermogravimetric
analyses (TGA) were performed on samples consisting of
numerous single crystals under nitrogen. The TGA data of
1 suggest that the first weight lost of 11.24% (caled.
12.75%), corresponding to the lost of 1.5 solvated and four
coordinated water molecules at the cadmium center, oc-
curred over the range of 30-174 °C. In the temperature
range of 180-312 °C, 1 underwent the weight lost of 24.64%
corresponding to the lost of dpaH™ cations (calcd. 22.16%).
The resulting solid then slowly decomposed with loss of
squarate ligands to yield cadmium oxide (CdO). Com-
pound 2 underwent a continuous single-step weight-loss
process (losing coordinated water first, and then dpa and
squarate groups). The on-set temperature of the weight loss
is approximately at 201 °C. The decomposition process was
completed at approximately 391 °C and the final product of
the pyrolysis is CdO.

Conclusion

In conclusion, under hydrothermal conditions, we have
successfully synthesized two pH-controlled Cadmium(i)-
squarate compounds, [Cd»(C404), 5(H,0)4](dpaH)-
1.5(H,0) (1) and [Cd(C404)(dpa)(H,O)] (2), with metal-
organic frameworks; the structures of which are well char-
acterized by X-ray diffraction method. In compound 1, the
overall 3D network with 1D microporous channels is con-
structed by the following intra- and inter-molecular interac-
tions: (1) metal-squarate covalent bonds to form a anionic
2D framework through the connectivity between Cd ions
and hybrid p, 53- and p;34-squarates, (2) molecular in-
clusion of dpaH™ pyridyl group into the antiprism square
box, (3) m—= stacking interaction of pyridyl groups between
neighboring dpaH™ cations and (4) hydrogen bonds be-
tween water molecules, squarate and dpaH*. For com-
pound 2, the squarate ligands afford a p, ,-bridging coordi-
nation mode as well as hydrogen-bonding capability to
build a 1D 2-legged, ladder-like MOF.

Experimental Section

Materials and Physical Techniques: All chemicals were of reagent
grade and were used as commercially obtained without further pu-

Eur. J. Inorg. Chem. 2006, 820-826
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rification. Elementary analyses (carbon, hydrogen and nitrogen)
were performed using a Perkin—Elmer 2400 elemental analyzer. IR
spectra were recorded with a Nicolet Fourier Transform IR,
MAGNA-IR 500 spectrometer in the range of 500-4000 cm ! using
the KBr disc technique. Thermogravimetric analyses (TGA) of
compounds 1 and 2 were performed with a computer-controlled
Perkin—Elmer 7 Series/UNIX TGA7 analyzer. Single-phased pow-
der samples of 1 (4.014 mg) and 2 (1.228 mg) were loaded into
alumina pans and heated with a ramp rate of 5 °C/min from room
temperature to 900 °C under nitrogen.

Synthesis of [Cd,(C404),.5(H,0)4l(dpaH)-1.5H,0 (1): The reaction
of Cd(NO3),*4H,0 (0.0325 g, 0.1 mmol), dpa (0.0175 g, 0.1 mmol),
H,C4,04 (0.0118 g, 0.1 mmol), and deionized water (6 mL,
0.3333 mol) in the molar ratio 1:1:1:3.333, in a Teflon-lined acid
digestion bomb at 180 °C for three days, followed by slow cooling
at 6 °C/h to room temperature, yielded colorless solutions. After
evaporation for several days at room temperature, colorless crystals
grew out of solution as needles and were collected after filtration
and drying (yield: 0.0106 g, 34%). The final pH value was 2.45.
C50H,1Cd;N;3045.5 (776.20): caled. C 30.95, N 5.41, H 2.73; found
C 30.99, N 5.39, H 2.58. IR (4000400 cm™'): ¥ = 3246 (m), 3083
(m), 1664 (m), 1610 (m), 1563 (m), 1506 (vs), 1457 (s), 1246 (w),
777 (m) cm L.

Synthesis of [Cd(C4O4)(dpa)(H,0)] (2): The compounds Cd(NO3),
4H,0 (0.0322 g, 0.1 mmol), dpa (0.0351 g, 0.2 mmol), H,C,O,
(0.0116 g, 0.1 mmol), and deionized water (6 mL, 0.3333 mol) in
the mol ratio 1:2:1:3.333 were sealed in a Teflon-lined acid diges-
tion bomb at 180 °C for three days. They were then cooled at 6 °C/
h to room temperature, yielding colorless plate crystals after fil-
tration and drying (0.0162 g, 39%). The final pH value was 4.31.
C4H | CdN;05 (413.66): caled. C 40.65, H 2.68, N 10.16; found C
40.31, H 2.81, N 10.34. IR (4000-400 cm™): ¥ = 3320 (w), 3206
(m), 3138 (m), 3082 (m), 3045 (m), 1656 (m), 1599 (m), 1538 (s),
1504 (vs), 1474 (vs), 1428 (s), 1373 (m), 1232 (m), 763 (m) cm™ .

X-ray Crystallographic Study: Crystallographic data and experi-
mental details of refinements for structural analyses are given in
Table 6. Data collections of 1 and 2 were carried out with a Siemens
SMART diffractometer with a CCD detector with Mo radiation (1
=0.71073 A) at room temperature. A preliminary orientation ma-
trix and unit cell parameters were determined from 3 runs of 15
frames each, each frame correspond to a 0.3°scan in 10 s, following
by spot integration and least-squares refinement. For each struc-
ture, data were measured using @ scans of 0.3° per frame for 20 s
until a complete hemisphere had been collected. Cell parameters
were retrieved with SMARTP3S software and refined with
SAINTE7 on all observed reflections. Data reduction was per-
formed with the SAINTE” software and corrected for Lorentz and
polarization effects. Absorption corrections were applied with the
program SADABS.P8 Direct phase determination and subsequent
difference Fourier map synthesis yielded the positions of all non-
hydrogen atoms, which were subjected to anisotropic refinements.
All hydrogen atoms were generated geometrically (C—H: 0.95) with
the exception of the hydrogen atoms of the coordinated water mole-
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cules, which were located in the difference Fourier map with the
corresponding positions and isotropic displacement parameters be-
ing refined. The final full-matrix, least-squares refinement on F>
was applied for all observed reflections [/ > 20(I)]. All calculations
were performed by using the SHELXTL software package.[*)

Table 6. Crystal data for compounds 1 and 2.

1 2
Empirical formula C20H21Cd2N3015.50 C14H11CdN305
Molecular weight 776.20 413.66
Crystal system triclinic monoclinic
Space group P1 P2,/n
a[A] 8.4341(2) 7.6720(3)
b[A] 8.4570(2) 11.1502(4)
c[A] 18.0891(4) 16.8908(6)
a[°] 81.0679(4)
BI°] 88.2877(4) 91.267(1)
7 [°] 87.7564(4)
VA3 1273.25(5) 1444.56(9)
Z 2 4
Deaeq. [gem ™3] 2.025 1.902
T [K] 295(2) 295(2)
u [mm'] 1.754 1.542
Reflections collected 17890 12538
Reflections unique / R;,, 5828 /0.033 3319/ 0.040
Reflections with [1 > 20()] 4627 2378

N, 395 216

R RO (all data) 0.0371, 0.0676 0.0543, 0.0523
R, ROV > 205(1)] 0.0243, 0.0540 0.0289, 0.0495
Goodness-of-fit 1.006 1.010

Apmax. ! min. [eA7] +0.79 / -0.56 +0.40 / -0.35

[a] Rp = X||Fy| — [FJVZ|F,). [b] Rw(lﬂz) = [ZW(|F0|2 - |Fc2|)2/ZW|Fo|2]U2-

CCDC-196616 (for 1) and -205775 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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