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Complexes M(C7H2NO5)3H2O，H2O,0.25MeCN (M=Ni, Co) were crystallized from the reactions of 
Ni(CH3COO)2・4H2。or Co(CH3COO)2・2H2。with KSCN and 2,6-dic祯oxy-4-hydroxypyridine (chelidamic 
acid). The structures were characterized by X-ray crystallography. The crystal structures of 1 and 2 show a 
distorted octahedral coordination geometry around the M(II) ions, which are chelated by one nitrogen atom and 
two oxygen atoms of the chelidamic acid and three water molecules. Complexes 1 and 2 display the hydrogen- 
bonded 3D framework. The magnetic behavior of 2 exhibits antiferromagnetic interaction.
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Introduction

Chelidamic acid (HaChel) is used widely in biochemistry, 
organic chemistry, medical chemistry and even in HIV 
investigation.1-7 In addition, as an emblematical polydentate 
ligand, it was also of great interest in the study of coordi
nation chemistry. Though the initial report of H3Chel was 
published in 1926,8 the crystal structure of the HmChel was 
not determined until 2000.9 In contrast, the studies concern
ing the transition metal complexes with chelidamic acid are 
rare, to our best knowledge, the only known examples 
consisting of Cr, Fe, Sn, Gd, V and Zn up to now.10-17 It is a 
good way to expand the chemistry of chelidamic acid and 
master its function or reaction conditions to research a 
variety of metal complexes with chelidamic acid.

The aim of this work is to report and extend the 
contribution on chelidamic acid chelating with other metal 
ions based on the syntheses, structures and properties of its 
cobalt(II), nickel(II) derivatives.

Experiment지 Section

Materi지s and Physic지 Measurements. All reagents and 
solvents were purchased from commercial sources and used 
without further purification. The IR spectra were recorded 
on a Nicolet Magna 750 FT-IR spectrometer with KBr 
pellets in the range 4000-400 cm-1. Elemental analyses (C, 
H, and N) were carried out on a Vrio EL III elemental 
analyzer. TG analyses were performed on a Perkin-Elmer 
TGA7 instrument with a heating rate of 15 Kmin-1. The 
magnetic susceptibility data were obtained using a Quantum 
Design PPMS6000 magnetometer. All data were corrected 
by the Pascal constants.21

Synthesis of Complex 1 (卬(。7玮］叫05)3玮0・玮0・0・25 
MeCN). A mixture of 73 mg Ni(CH3COO)2,4H2。，50 mg 
H3Chel and 28 mg KSCN was dissolved in the 20 mL 
mixture solution of water and acetonitrile in a volume ratio 

of 1 : 1. After dropping 1-2 drops of KOH (1 mol/L), the 
resulting solution was refluxed with constant stirring for 2 
hours. The solution was allowed to stand at room temper
ature. Green crystals of 1 were obtained over a period of 4 
days. Elemental analysis (%), Found (calcd): C, 28.15 
(28.05); H, 3.28 (3.37); N, 5.52 (5.45). IR (KBr, cm-1), 3245 
(vs), 2729 (m), 2617 (m), 2515 (m), 1605 (vs), 1466 (w), 
1416 (s), 1389 (vs), 1331 (m), 1263 (m), 1057 (s), 939 (w), 
872 (m), 808 (s), 744 (m), 702 (w), 580 (w), 521 (w), 444 
(w).

Synthesis of Complex 2 (Co(C7H2NOs)3H2O-H2O-0.25 
MeCN). 2 was synthesized with 62 mg Co(CH3COO)2,2H2。 
in a similar way as for 1. Deep red crystals of 2 were 
obtained over a period of 3 days. Elemental analysis (%), 
Found (calcd): C, 28.10 (28.03); H, 3.32 (3.37); N, 5.49 
(5.45). IR (KBr, cm-1), 3246 (vs), 2725 (m), 2617 (m), 2511 
(m), 1603 (vs), 1464 (w), 1417 (s), 1387 (vs), 1336 (m), 
1261 (m), 1049 (s), 941 (w), 872 (m), 806 (s), 744 (m), 703 
(w), 579 (w), 513 (w), 444 (w).

X-ray Crystallography. Table 1 provides the summary of 
the crystal data, data collection, and refinement parameters 
for 1 and 2. Diffraction data were collected on a Rigaku 
Mercury CCD diffractometer for the present compounds 
with graphite-monochromatic Mo Ka radiation (尢=0.71073 
A) by the a) scan mode at 293 K. Empirical correction of 
absorption was applied for the two complexes. Both 
structures were solved by direct methods and refined 
anisotropically by full-matrix least squares based on F for 
all the non-hydrogen atoms. For both of the compounds, the 
hydrogen atoms were placed in calculated positions with 
assigned isotropic thermal parameters, U(H)=1.2Ueq(C), 
and allowed to ride on their parent atoms. Computations 
were carried out using the SHELXTL PC program system.18

Crystallographic data for the structures reported here have 
been deposited with CCDC (Deposition No.: CCDC-234644 
for complex 1 and 234645 for complex 2). These data can be 
obtained free of charge via http://www.ccdc.cam.ac.uk/

http://www.ccdc.cam.ac.uk/
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Table 1. Crystallographic Data For 1 and 2

1 2
Empirical formula C7.5H10.75N 1.25NiO9 C7.5H10.75N1.25CoO9

Color and Habit Green platelet Deep red prism
Crystal Size (mm) 0.30 x 0.20 x 0.10 0.66 x 0.40 x 0.38
Crystal system Monoclinic Monoclinic
Space group C2/c C이c
a (A) 14. 625(6) 14.658(6)
b (A) 6.996(3) 7.078(3)
c (A) 22.446(9) 22.681(2)
& (°) 91.397(4) 91.59(5)
V (A 3) 2295.8(2) 2352.2(1)
Z 8 8
Mr 321.13 321.35
Dc(Mg/m3) 1.858 1.815
r (mm-1) 1.735 1.503
F(000) 1316 1308
6 range (°) 3.23 to 25.03 3.20 to 25.03
Limiting indices -16 < h < 17, -8 < k < 7, -26 < l < 26 -17 < h < 17, -8 < k < 8, -26 < l < 26
Reflections measured 6978 6493
Independent reflections 2026 (Rint = 0.0275) 2013 (Rint = 0.0556)
Absorption correction Sphere (Rigaku CrystalClear) Sphere (Rigaku CrystalClear)
Relative Transmission Factor 0.8522-1.0000 0.5697-1.0000
Parameter/Restraints/Data (obs.) 177 / 1 / 1828 177 / 1 / 1959
Goodness-of-fit 1.000 1.004
Final R indices (obs.) R1 = 0.0503, wR2 = 0.1498 R1 = 0.0690, wR2 = 0.1953
R indices (all) R1 = 0.0556, wR2 = 0.1562 R1 = 0.0724, wR2 = 0.1970
Largest difference peak (e-A-3) 1.170, -0.730 0.914, -0.816
R1 =(£| Fo| - F시 )/£| |Fo|). wR2 = [£w((|Fo|2 - \Fc |2)2/£w |Fo|)2]1/2

conts/retrieving.html or from CCDC, 12 Union Road, 
Cambridge CB2 1EZ, UK, email: deposit@ccdc.cam.ac.uk.

Results and Discussion

Description of the Structures.
Triaqua(4hydroxypyridine-2,6dicarboxylato-k3N,O,O')- 

M(II)acetonitrile-water(1/0.25/1): The selected bond 
distances and angles for [M(C7H2NO5)(H2O)3「0.25 
(C2H3N)・(H2。)(M = Ni(II) 1, Co(II) 2) are listed in Table 2. 
The drawing of the molecular structure is shown in Figure 1.

The two compounds presented are isostructures with the 
same space group C2/c, and compound 1 is discussed in 
details. The coordination environment of the metal atoms in 
1 and 2 is six-coordinated by one nitrogen and two oxygen 
atoms from the chelidamic acidligand and three water 
molecules to form a distorted octahedral conformation, as 
shown in Figure 1. The center atoms and the Chelidamic 
acid ligand in 1 and 2 are coplanar with a mean deviation of 
0.019(2) A and 0.024(2) A, respectively. The three Ni- 
O(water) bond distances are not equal, in which those with 
the coordinated water molecules occupying the axial 
positions of octahedron (Ni-O1W = 2.087(4) A and Ni-O2W 
=2.083(4) A) are obviously longer than that with the 
coordinated water molecule locating on the equatorial plane 
(Ni-O3W = 2.021(3) A). The bond angles of nickel(II) ion

Table 2. Selected bond lengths (A) and angels (o) for 1 and 2

Ni(1)-N(1) 1.964(4) Co(1)-N(1) 2.036(2)
Ni(1)-O(1W) 2.087(4) Co(1)-O(1W) 2.140(3)
Ni(1)-O(2W) 2.083(4) Co(1)-O(2W) 2.132(2)
Ni(1)-O(3W) 2.021(3) Co(1)-O(3W) 2.035(2)
Ni(1)-O(11) 2.192(3) Co(1)-O(11) 2.214(2)
Ni(1)-O(13) 2.117(3) Co(1)-O(13) 2.163(2)
O(15)-C(13) 1.338(6) O(15)-C(13) 1.351(3)

N(1)-Ni(1)-O(1W) 93.1(2) N(1)-Co(1)-O(1W) 93.0(1)
N(1)-Ni(1)-O(2W) 95.3(2) N(1)-Co(1)-O(2W) 95.8(2)
N(1)-Ni(1)-O(3W) 174.7(1) N(1)-Co(1)-O(3W) 172.6(1)
N(1)-Ni(1)-O(11) 76.7(1) N(1)-Co(1)-O(11) 75.2(1)
N(1)-Ni(1)-O(13) 78.6(1) N(1)-Co(1)-O(13) 76.3(1)
O(1W)-Ni(1)-O(2W) 170.8(2) O(1W)-Co(1)-O(2W) 170.3(2)
O(1W)-Ni(1)-O(3W) 85.4(2) O(1W)-Co(1)-O(3W) 85.4(2)
O(2W)-Ni(1)-O(3W) 86.6(2) O(2W)-Co(1)-O(3W) 86.4(2)
O(1W)-Ni(1)-O(11) 89.8(1) O(1W)-Co(1)-O(11) 89.7(2)
O(2W)-Ni(1)-O(11) 88.7(1) O(2W)-Co(1)-O(11) 88.5(1)
O(3W)-Ni(1)-O(11) 108.3(1) O(3W)-Co(1)-O(11) 112.0(2)
O(1W)-Ni(1)-O(13) 92.2(2) O(1W)-Co(1)-O(13) 92.9(1)
O(2W)-Ni(1)-O(13) 93.0(2) O(2W)-Co(1)-O(13) 93.2(2)
O(3W)-Ni(1)-O(13) 96.5(1) O(3W)-Co(1)-O(13) 96.6(2)
O(11)-Ni(1)-O(13) 155.2(1) O(11)-Co(1)-O(13) 151.5(1)

mailto:deposit@ccdc.cam.ac.uk
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Figure 1. Molecular structure of 1 and 2 showing 30% dis
placement ellipsoids with H atoms being omitted for clarity.

and neighbor oxygen atoms from water are in the range of 
85.4(2)-86.6(2)。，which are comparable with those of the 
previously reported zinc analog17 and iron analog.16 In 
contrast, the bond angles of N1-Ni-O11 and N1-Ni-O13 are 
78.6(1) and 76.7(1)七 because of the strain of the tridentate 
ligand. The C13-O15 bond distance in 1 (1.338(6) A) and 2 
(1.351(3) A), which is close to 1.36 A characteristic of C-O 
bonds in aromatic alcohols,19 indicates that the pyridine ring 
exhibits the enolic form upon coordination.20 The rest of the 
N-C, C-C and C-O bond distances of the Chelidamic acid 
ligand are all agree well with those found in chelidamic 
acid.9

The atoms O3W and O11 of the nickel complex act as 
hydrogen bond acceptors to form intermolecular hydrogen 
bonds with the atoms O14 and O15 from another one with 
the O3W-O14 distance of 2.868(6) A and the O11-O15 
distance of 2.635(4) A, respectively. As shown in Figure 2, 
the above two types of hydrogen bonds link the nickel 
complexes to form an infinite chain extending along the [1 1 
0] direction, which interlinks with its crystallographic 
inversion center-related chain through the O2W---O12 
hydrogen bonds (2.834(5) A) to form a double chain. The 
neighboring double chains are H-bonding bridged by lattice 
water molecules O4W (O1W-O4W = 2.844(6), O2W… 
O4W = 2.831(6) A) and interlinked through O1W---O12 
hydrogen bonds (2.717(5) A) to form a layer-like structure 
along the [0 1 0] direction. The layers are interlinked to each 
other through the O4W---O14 and O3W---O13 hydrogen 
bonds (O4W-O14 = 2.714(7), O3W-O13 = 2.695(5) A) to 
form a 3-D framework along the [0 0 1] direction, between

Figure 2. Layer-like structure of the title complexes constructed by 
hydrogen bonds. Dashed lines represent the hydrogen bonds.

Figure 3. Molecular packing diagram of the title complexes. The 
interlayer hydrogen bonds are represented as thick dashed lines.

which the disordered acetonitrile molecules are located (the 
hydrogen bonds around the acetonitrile molecules are not 
discussed here), as shown in Figure 3.

Unlike the previously reported analogs of V, Cr and Fe, it 
is worth noting that the bond lengths of M-O11 in 1 and 2 
are 0.075(3) and 0.051(2) A longer than those of the M-O13, 
respectively, which is probably due to the existence of a 
O15---O11 hydrogen bond. A similar case is also found in 
the Zn analog.17

Chemical Properties: The TG analysis showed that the 
two complexes were steady as they lost little weight until 
about 100 oC (loss of about 2%). The TG analysis of a pure 
sample of 1 (6.581 mg) in nitrogen flow showed continuous 
steps of weight loss (from 37.1 to 263.2 oC), which 
corresponded to the water and acetonitrile loss (exp. 25.06%, 
calc. for (H2O)3・0.25(C2H3N)・(H2O) 25.62%). Similar to 1, 
the TG analysis of a pure sample of2 (5.255 mg) in nitrogen 
flow showed continuous steps of weight loss from 26.6 to 
249.2oC, which corresponded to the water and acetonitrile 
loss (exp. 24.99%, calc. for (H2O)3・0.25(C2H3N)・(H2。) 
25.64%).

Variable-temperature magnetic susceptibility data were 
collected for the pure crystal sample of 2. The temperature
dependent magnetic susceptibility measurement for 2 has 
confirmed that the cobalt ion is in a formal oxidation state of 
+2 by which the cobalt compound satisfied the neutrality 
requirement. A 1/%m-T plot in Figure 4 shows that the phase 
is paramagnetic over 5-300 K. For 2 (Co), in the 70 < T < 
300 K range, a non-linear fit via XM = C/(T-3) + x° reveals a 
Curie-Weiss behavior with the Curie constant C = 2.89(2) 
cm3mol-1K, the Weiss constant 0 = -16.3(4) K, and the 
background susceptibility, X。= 5.4 x 10-4 cm3/mol. The 
large negative Weiss constant indicates that it is possible for 
spin-orbit coupling and an antiferromagnetic interaction to 
exist, which assume to be transferred by the intermolecular 
hydrogen bonds and the dipole-dipole exchange interaction.

An effective magnetic moment of 4.81 卩b can thus be
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Figure 5. Fitting of the variable-temperature magnetic susceptibility 
data. (zero field splitting formula. Molecular field correction in 
addition)

Figure 4. Inverse molar susceptibility with temperature for 2. The 
gradual but significant decrease of 俊ff upon cooling suggests the 
presence of antiferromagnetic interactions.

obtained for each Co center, which lies within the range of 
typical experimental values (4.3-5.2 佳).21 It is obviously 
higher than the spin-only one (卩f = 3.87 佳)21 suggesting 
that there is a small orbital angular moment contribution to 
the effective magnetic moment of the cobalt(II) ion. The 
antiferromagnetic interaction is reflected in the Meff-T plot of 
Figure 4 with the effective magnetic moment decreased 
upon cooling (仏任=2.828*(xMT)1/2 卩b, xM = Xm - Xo). The 
significant decrease of Meff for 2 at low temperatures is 
considered to be one result of the zero-field splitting of 
ground state. However, the origin for the small dip around 10 
K for 2 (Co) in Figure 4 is still unclear.

As the crystal structure of 2 showing a distorted octahedral 
coordination geometry around the cobalt(II) ion, the S = 3/2 
state splits into two zero-field splitting states because of the 
axial distortion and the spin-orbit coupling interaction. The 
spin Hamiltonian (±1) takes on the form (D is ZFS 2
parameter): H = g/月S - H + D [Sz-S (S + 1)/3], from which 
the energy levels could be figured out. After the substituting 
of each energy level into the Vn Vleck equation, the two 
following formulas of magnetisability are deduced (in the 
formulas, x = D/kT):

=Ng2-尹 i+9exp(-2x) 
시/ 4kT 1 + exp (-2 x)

=Ng2-))21 +3/4x( 1 - exp(-2x)) 
X± 4kT 1 + exp (-2 x)

From the formula Xm = (x〃 + 2x丄)/3, considering the 
intermolecular interaction and introducing the molecular 
field correction,21 the following equation applies:為’ =Xm/ 
(1-2zJXm/Ng2伊).Via this equation, an Xm-T plot in Figure 5 
shows the fitting of variable)temperature magnetic 
susceptibility data with D/k = -6.31 K, g = 2.73, zJ/k = -2.58 
K. The negative zJ value suggests that an antiferromagnetic 
interaction exists in 2, which gives the same conclusion as 
the result of the fitting via the Curie-Weiss's Law.

2

Table 3. Hydrogen bonds

이W・O12 2.717(5) O1W・・・O12 2.731(3)
OWO4W 2.844(6) O1W・・・O4W 2.858(4)
O2W・・・O12 2.834(5) O2W・・・O12 2.848(3)
O2W・・・O4W 2.831(6) O2W・・・O4W 2.839(4)
O3W・・・O13 2.695(5) O3W・・・O13 2.691(3)
O3W・・・O14 2.868(6) O3W・・・O14 2.814(4)
O4W・・・O14 2.714(7) O4W・・・O14 2.749(4)
OWO15 2.635(4) OWO15 2.653(3)
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