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Synthesis and Crystal Structure of Binuclear Cadmium and Manganese Complexes
with 1,2-Cyclohexanedicarboxylic Acid and Aromatic N-containing Ligands
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Abstract: Two compounds, [Cd,(e,e-trans-chdc),(bipy),(H,0),]- H,O (1) and [Mny(e,a-cis-chdc),(phen),(H,0),] - 2H,0
(2) (chde=cyclohexanedicarboxylic acid, bipy=dipyridyl and phen=1,10-phenanthroline), have been obtained by
hydrothermal method and characterized by X-ray single-crystal diffraction. The two complexes are binuclear
complexes. In complex 1, two Cd(Il) cations are bridged by 1,2-chdc with e,e-trans-conformation. Each Cd(Il)
cation is seven-coordinated to two nitrogen atoms of bipy molecule, four oxygen atoms of two 1,2-chde ligands
and one oxygen atom of water molecule, forming distorted mono-capped trigonal-prism. In complex 2, two Mn(Il)
cations are bridged by 1,2-chdc with e,a-cis-conformation. Each Mn(Il) cation is six-coordinated to two nitrogen
atoms of phen molecule, three oxygen atoms of two 1,2-chdc ligands and one oxygen atom of water molecule,
forming distorted octahedron coordination environment. The 7-7 stacking and O-H---O and C-H---O hydrogen

bonds in the two complexes result in 3D supramolecular networks. Fluorescence spectra of the two complexes are
assigned to m*-7 of ligand. CCDC: 815211, 1; 815212, 2.
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Table 1 Crystallographic data of complexes 1 and 2

Complex 1 2

Empirical formula C3eHCdaN,Oyy CaoHuMnN,O
Formula weight 931.54 882.67

Crystal size / mm 0.28x0.18x0.10 0.32x0.25%0.10
Temperature / K 293(2) 103(2)




%1 M W45 .1, 2-F0 O TR IR KOS 7 & AU VR B XURZ A il TIC 5 0 B4 IR0 o5 TR 465 4 115
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Wavelength / nm 0.071 073 0.071 073
Crystal system Triclinic Triclinic
Space group Pl Pl
a/ nm 0.872 4(3) 0.876 6(3)
b/ nm 1.057 47(16) 1.061 5(4)
¢/ nm 1.144 06(17) 1.069 6(3)
al (%) 112.891(2) 104.561(4)
B1(° 106.006(3) 92.268(5)
y/(° 95.766(3) 101.951(3)
V/ nm? 0.908 5(4) 0.938 0(5)
A 1 1
D./ (Mg-m?) 1.703 1.563
w/ mm™ 1.237 0.746
F(000) 470 458
0/°) 2.15~25.49 3.19~ 27.49
Limiting indices -10<sh<10,-12<k<12,-13<[<13 -11<sh<I,-13<k<13,-13<[<13
Reflections collected / unique (R;,) 4713 /3 329 (0.025 1) 4222 /3501 (0.023 7)
Data / restraints / paremeters 3329/6/253 4222/ 3/ 280
Goodness-of-fit on F* 1.054 0.999
Final R indices (I>20(1)) R=0.035 1, wR,=0.073 9 R=0.032 0, wR,=0.075 3
Final R indices (all data) R=0.044 0, wR,=0.077 8 R=0.042 0, wR,=0.078 6
Largest diff. peak and hole / (e*nm™) 511, -673 420, -336
F2 BHEWIM2WEERKNER
Table 2 Selected bond lengths (nm) and bond angles (°) for complexes 1 and 2
1
Cd(1)-N(1) 0.232 3(3) Cd(1)-N(2) 0.232 1(3) Cd(1)-0(1) 0.248 6(3)
Cd(1)-0(2) 0.234 7(3) Cd(1)-0(3)A 0.234 8(3) Cd(1)-0(4)A 0.252 6(3)
Cd(1)-0(5) 0.232 9(3)
0(1)-Cd(1)-0(2) 53.7909) O(1)-Cd(1)-0(3)A 137.24(1) O(1)-Cd(1)-0(4)A 157.90(1)
0O(1)-Cd(1)-0(5) 81.74(1) O(1)-Cd(1)-N(1) 88.72(1) O(1)-Cd(1)-N(2) 95.54(1)
0(2)-Cd(1)-0(3)A 83.76(1) 0(2)-Cd(1)-0(4)A 133.33(9) 0(2)-Cd(1)-0(5) 92.45(1)
0(2)-Cd(1)-N(1) 140.84(1) 0(2)-Cd(1)-N(2) 98.94(1) 0(3)A-Cd(1)-0(4) 53.40(1)
0(3)A-Cd(1)-0(5) 96.85(1) O(3)A-Cd(1)-N(1) 133.90(1) 0(3)A-Cd(1)-N(2) 96.01(1)
0(4)A-Cd(1)-0(5) 77.24(1) 0(4)A-Cd(1)-N(1) 85.58(1) 0(4)A-Cd(1)-N(2) 102.72(1)
0O(5)-Cd(1)-N(1) 92.74(1) 0(5)-Cd(1)-N(2) 163.66(1) N(2)-Cd(1)-N(1) 71.05(1)
2
Mn(1)-N(1) 0.229 0(1) Mn(1)-N(2) 0.224 8(1) Mn(1)-0(1) 0.226 2(1)
Mn(1)-0(2) 0.223 3(1) Mn(1)-O(3)A 0.212 9(1) Mn(1)-0(5) 0.214 5(1)
0O(1)-Mn(1)-0(2) 58.36(4) 0O(1)-Mn(1)-0(3)A 98.07(5) 0O(1)-Mn(1)-0(5) 157.03(5)
O(1)-Mn(1)-N(1) 87.35(5) O(1)-Mn(1)-N(2) 98.26(5) 0(2)-Mn(1)-0(3)A 106.33(5)
0(2)-Mn(1)-0(5) 98.68(5) 0(2)-Mn(1)-N(1) 88.81(5) 0(2)-Mn(1)-N(2) 151.70(5)
0(3)A-Mn(1)-0(5) 88.95(5) O(3)A-Mn(1)-N(1) 164.60(5) O(3)A-Mn(1)-N(2) 91.67(5)
O(5)-Mn(1)-N(1) 91.58(5) O(5)-Mn(1)-N(2) 103.40(5) N(2)-Mn(1)-N(1) 73.24(5)

Symmetry transformations used to generate equivalent atoms: 1: A: 1-x, 1-y, 2—z; 2: A: 1—x, 1-y, —.
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C4-H4---04% C7-H7a--- 04" il C3°-H3"--- O1°(X} Bk
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Thermal ellipsoid plot of 30% level, all hydrogen atoms and free H,0 molecular are omitted for clarity in (a); Symmetry code, A: 1—x, 1-y, 2—z;

B: x, =14y, —14z; C: —x, =y, 1=z; D: 1+4x, y, z.; E: 1—-x, =y, 1-z

1 (@) BEAY 1 B9 TFEH: (b) 4T 20 CoH--0 AR mmr ST () FE AW 1 0 = 4 55
Fig.1 (a) Molecular structure of 1; (b) C-H---O hydrogenbonds and 77-7r interactions between neighboring

molecules; (c) 3D structure of 1
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Table 3 Structural parameters of hydrogen bonds for complexes 1 and 2

D-H--A A(D-H) / nm A(H-+A) / nm d(D--A) / nm Z/DHA / ()
1

C3D-H3D---01C 0.093 0 0242 4 0.311 5(6) 130.96

C4-H4---04B 0.093 0 0.248 8 0.337 4(5) 159.08

C7-H7a---04B 0.093 0 0.247 9 0.336 3(6) 158.71

06-H6a---04A 0.085 8 02128 0.293 9(2) 163.08
2

05-H5h---02C 0.085 8 0.183 9 0.269 4(2) 174.18

06-H6a---04B 0.094 0 0.192 0 0.286 0(2) 173.88

06-H6b---04B 0.086 2 0.181 3 0.262 9(2) 159.75

06-H6b---05 0.096 0 0.254 0 0.331 2(2) 137.31

Symmetry transformations used to generate equivalent atoms: 1: A: 1-x, 1-y, 2—z; B: x, y—1, 2=1; C: —x, -y, 1-z; D: l+x, y, 23

2: A: 1-x, 1-y, —z; B: x—1, y—1, z; Ci—x, —y+1, —.
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Thermal ellipsoid plot of 30% level, all hydrogen atoms and free

H,0 molecular are omitted for clarity in (a); Symmetry code, A:

1-x, 1=y, —z; B: a—1, y=1, z; E: 1, 1-y, 12

2 (a) FCAW 2 B95r 451, (b) /> FZ M O-H--
O SN 7o MR 1) B4 ) 2 0 = 5

Fig.2  (a) Molecular structure of 2; (b) O—H---O hydrogen
bonds and 7-7r interactions between neighboring

molecules; (c) 3D structure of 2
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1 — 18] 5] (4 7r-r HERRAE D (18] 2b), B0 BE SR
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Fig.3 Coordination modes of 1,2-chde ligand in

complexes
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Fig.4 Fluorescence spectra of the ligands and complexes
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