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Complexes M(C-H-NO;)3H-O'H-00.25MeCN (M=Ni. Co) were crystallized from the reactions of
Ni{CH:CO0)»4H-0 or Co(CH:CO0)-2H-0 with KSCN and 2.6-dicarboxy-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 (H3Chel) is used widely in biochenustry.
organic chemistry. medical chemistry and even in HIV
investigation."’” In addition, as an emblematical polvdentate
ligand, it was also of great interest in the study of coordi-
nation chemistry. Though the initial report of HiChel was
published in 1926.® the crvstal structure of the H;Chel was
not determined until 2000." 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.""V" It is a
good wav to expand the chemistry of chelidamic acid and
master its function or reaction conditions to research a
vaniety of metal complexes with chelidamic acid.

The aimm of this work 15 to report and extend the
contribution on chelidamic acid chelating with other metal
1ons based on the svntheses. structures and properties of its
cobalt(ID). nickel(II) dernvatives.

Experimental Section

Materials and Physical 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™'. Elemental analyses (C.
H. and N) were camried out on a Vario EL III elemental
analvzer. TG analyses were performed on a Perkin-Elmer
TGA7 instrument with a heating rate of 15 Kmin™'. The
magnetic susceptibility data were obtained using a Quantum
Design PPMS6000 magnetometer. All data were corrected
by the Pascal constants.*!

Synthesis of Complex 1 (Ni(C;H:NO3)3H,0-H,0490.25
MeCN). A muxture of 73 mg Ni(CH;COO)»4H-O, 50 mg
HiChel 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 stiming 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 (caled): C. 28.15
(28.05); H.3.28 (3.37): N, 5.52 (5.45). IR (KBr. cm™!). 3245
(vs). 2729 (m), 2617 (m), 2515 (m). 1603 (vs). 1466 (w),
1416 (s). 1389 (vs), 1331 (m), 1263 (m), LO37 (5). 939 (w),
872 (m). 808 (s). 744 (m), 702 (w), 580 (w). 521 (w). 444
(w).

Synthesis of Complex 2 (Co(CsH:NQO:)3H,0-H,0+0.23
MeCN). 2 was synthesized with 62 mg Co(CH2COQ)-2H-O
m a smilar way as for 1. Deep red crystals of 2 were
obtained over a period of 3 days. Elemental analysis (%),
Found (caled): C, 28.10 (28.03). H. 3.32 (3.37). N, 549
(5.45). IR (KBr. em™). 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), 379 (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. Daffraction data were collected on a Rigaku
Mercury CCD diffractometer for the present compounds
with graphite-monochromatic Mo K radiation (4 = 0.71073
A) by the @ scan mode at 293 K. Empirical correction of
absorption was applied for the two complexes. Both
stnuctures 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. UH) = 1.2U.(C).
and allowed to ride on their parent atoms. Computations
were carried out using the SHELXTL PC program system.'*

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 htip://’www.cede.cam ac.uk/


http://www.ccdc.cam.ac.uk/
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Table 1. Crvstallographic Data For 1 and 2
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1 2
Empirical formula C=:Hjp=:Nj 2:N10)y CasHyg 2:N| 2:CoQy
Color and Habit Green platelet Deep red prism
Crystal Size (mm) 0.30x0.20x0.10 0.66 x 0.40 x 0.38
Crystal system Monoclie Monoclnic
Space group C2le C2e
a (A) 14. 625(6) 14.638(6)
b (A) 6.996(3) 7.078(3)
c(A) 22.446(9 22.681(2)
B 91.397(hH 91.3%35)
(A% 2295.8(2) 2332.2(1)
z 8 8
Mr 321.13 321.33
D Mg/ 1.858 1.813
4 imm™) 1.733 1.303
F(000) 1316 1308
@range (°) 323t023.03 32010 23.03
Limitmg mdices -162h<17,-8<k<7.-26<1<26 -172h<17, -8<k<8.-26<1<26
Reflections measured 6978 6493

[ndependent reflections
Absorption correction
Relative Transnussion Factor 0.8522-1.0000
Parameter/Restraints/Data (obs.) 1777171828
Goodness-of-fit 1.000

Fmal R mdices (obs.)
R mdices (all)
Largest difference peak (e-A7) 1.170, -0.730

2026 (R = 0.0275)
Sphere (Rigaku CrystalClear)

R1 =0.0503, wRa = 0.1498

R1 =10.0556, wRs = 0.1362

2013 (Ruu = 0.0336)

Sphere (Rigaku CrystalClear)
0.3697-1.0000

17771/1939

1.004

R1 =0.0690, wR:=0.1933
R1=0.0724, wR. = 0.1970
0.914, -0.816

RI=(Z F, =|F: | ¥T |Fo). wRa = [Zw(( Fo” = F. ¥ Iw|F. ¥)'°

conts/retrieving.html or from CCDC. 12 Umon Road.
Cambndge CB2 1EZ. UK, email: deposit:@iccde.cam.ac.uk.

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

Ni(1)»N(1) 1.964(4)  Co(1)»N(1) 2.036(2)

) . S Ni(1 FO(1 W) 2.087(4) Co(lFO(1W) 2.140(3)

Results and Discussion Ni(1 FO2W) 2.0834)  Co(l+O(2W) 2.132(2)

Description of the Structures. Ni(1-O(3W) 2.021(3)  Co(1)»O(3W) 2.033()

Triaqua($hydroxypyridine-2,6dicarboxylato-k’N,0,0")- N?[‘ ! _)‘O“ ! ) 2.192(3)  Co(l _)'(')“ 1 ) 221 f[‘z_)

M(ID)acetonitrile-water(1/0.25/1): The selected bond ~ N{IFO(13) 21173) - Col-O(13) 2.1632)

distances and angles for [M(C;H-NO:)(H-0):]-0.25  QU3}C(3) 1.3386) O(15)C(13) 1.35103)

(C:H:N)(H:0) M =Ni(ID 1, Co(ID 2) are listed in Table 2. ’ S

The drawing of the molecular structure is shown in Figure 1. NOD-NLROAW) - 931@2) - NI-Co(1)}-Q1AW) — 93.0(1)
The two compounds presented are isostructures with the ~ NCUIFNi(1ROQW)  953(2)  N(ICo(1)-02W)  95.8(2)

same space group C2/c, and compound 1 is discussed in NOUFNI(1-0(3W) - 174.7(1) - N(13+Co(1)-003W)  172.6(1)
details. The coordination environment of the metal atoms in N(1-Ni(1)-0(11) 76.7(1)  N(1}Co(1)}-(X11)  732(1)
1 and 2 is six-coordinated by one nitrogen and two oxvgen N(IRNi(1-0(13) 78.6(1)  N(1)XCo(1)-(X13)  76.3(1)

atoms from the chelidamic acidligand and three water
molecules to form a distorted octahedral conformation. as
shown in Figure . The center atoms and the Chelidamic

O(IW)Ni(1}-O(2W) 170.8(2) O(1W)-Co(1 -O2W) 170.3(2)
O(IW)Ni(1O(3W) 854(2)  O(1W)-Co(1 FO(3W) 85.4(2)
ORWINI(1FORW) 866(2)  OQRWRCo(1X0(3W) 86.4(2)

acid ligand n 1 and 2 are coplanar with a mean deviation of O(IWINI(1}O(11)  8981)  O(IWRCo(1-O(11)  89.7(2)
0.019(2) A and 0.0242) A, respectivelv. The three Ni- OQWINI(1)O(11)  887(1)  ORW)XCo(1+-O(11) 88.5(1)
O(water) bond distances are not equal, m which those with OCW)YNI(1)O(11)  108.3(1)  OGBW)Co(1+O(11)  112.0(2)
the coordinated water miolecules occupving the axial ONW N1 O] 3') 92.20) O(lW)-Co:’lj-O(l ‘) 92.9(1 )'
positions of octahedron (N i1-01W =2.087($) A and N_i-OZW O(EZW)-Ni(El FO(13) 93.0[52) OQRW)-C 0[5 O3 93202)
= 2.0_83(4) A) are obviously lqnger than that x_vnth the OGWINI(I}O(13) 965(1)  O(W)-Co(l+O(13) 96.6Q2)
coordinated water molecule locating on the equatorial plane OUDNIC1X0(13)  155.2(1) O(11+Co(1+0(13)  15L5(1)

(Ni-O3W = 2.021(3) A). The bond angles of nickel(I[) ion
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Figure 1. Molccular structure of I and 2 showing 30% dis-
placement ellipsoids with H atoms being omitled 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 analog'’ and iron analog.'® In
contrast, the bond angles of NI-Ni-O11 and NI1-Ni-O 13 are
78.6(1) and 76.7(1)", because of the strain of the tridentate
ligand. The C13-015 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," indicates that the pyridine ring
exhibits the enolic form upon coordination,™ 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.’

The atoms O3W and O11 of the nickel complex act as
hydrogen bond acceptors to form intermolecular hydrogen
bonds with the atoms Q14 and Q15 from another one with
the O3W--014 distance of 2.868(6) A and the O11--Q15
distance ot 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 c¢enter-related chain through the O2W--Q12
hydrogen bonds (2.834(3) A) to form a double chain, The
neighboring double chains are H-bonding bridged by lattice
water molecules O4W (O1W--04W — 2.8446), O2W -
O4W = 2.831(6) A) and interlinked through O1W-012
hydrogen bonds (2.717(5) A) to form a layer-like structure
along the [0 | 0] direction. T'he layers are interlinked to each
other through the O4W--0Ol4 and O3W-013 hydrogen
bonds (Q4W--0O14 =2.714(7), O3W-013 = 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 hyvdrogen bonds.
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Figure 3. Molecular packing diagram of the title complexes. The
interlas er hvdrogen 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 Te, it
is worth noting that the bond lengths of M-Q11 in 1 and 2
are 0.075(3) and 0.051(2) A longer than those of the M-013,
respectively, which is probably due to the existence of a
015011 hydrogen bond. A similar case is also found in
the Zn analog.”

Chemical Properties: The TG analysis showed that the
two complexes were steady as they lost little weight until
about 100 °C {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 °C), which
corresponded to the water and acetonitrile loss (exp. 25.06%,
cale, for (H20)3-0.25(C2HiN)Y(H20) 25.62%). Similar to 1,
the TG analysis of a pure sample of 2 {5.255 mg) in nitrogen
flow showed continuous steps of weight loss from 26.6 to
249.2°C, which corresponded to the water and acetonitrile
loss (exp. 24.99%. calc. for (H»0):-0.25(C:H;N)(H20)
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/ym-7 plot in Figure 4 shows that the phase
is paramagnetic over 5-300 K. For 2 (Co), in the 70 <] <
300 K range, a non-linear fit via v = C{T—6) + yo reveals a
Curie-Weiss behavior with the Curie constant (" = 2.89(2)
em’mol™'K. the Weiss constant 8 — -16.3(4) K. and the
background susceptibility, yo = 5.4 x 10™ cm*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 u; can thus be
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Figure 4. Inverse molar susceplibility with temperature for 2, The
eradual but signiticant decrease of g upon cooling suggests the
presence of antiferromagnctic interactions.

obtained for each Co center, which lies within the range of
typical experimental values (4.3-5.2 up).> It is obviously
higher than the spin-only one (ter = 3.87 ) suggesting
that there is a small orbital angular moment contribution to
the effective magnetic moment of the cobalt{1l) ion. The
antiterromagnetic interaction is reflected in the g7 plot of
Figure 4 with the effective magnetic moment decreased
upon cooling (ter = 2.828*(yn’ I s yv” = v — o). The
significant decrease of gy for 2 at low temperatures is
considered to be one result of the zero-field splitting of
ground state. However, the origin tor 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{11) ion. the § = 32
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 7ZFS
parameter); H = ¢/ S - H + D[$7 -5 (S = 1)/3]. from which
the energy levels could be figured out. After the substituting
of each energy level into the Van Vleck equation, the two
following formulas of magnetisability are deduced (in the
formulas, x = D/K'T):

_ Ng’B1 +9exp(=2x)

Xi ™ TAKT 11 exp( 2x)
N’ B L1 34x( expl 2x))
X174k | —exp(-2x)

From the (ormula yn— (ys - 2x-)/3. considering the
intermolecular interaction and introducing the molecular
field correction.” the following equation applics: yw' — o/
(1-2z)yw/Ng* ). Via this equation. an y.—7 plot in Figure 5
shows the fitting of variable-temperature  magnetic
susceptibility data with D’k — -6.31 K, g — 2.73. =)’k — -2.58
K. The negative zJ value suggests that an antiferromagnetic
intcraction exists in 2. which gives the same conclusion as
the result of the fitting via the Curie-Weiss's Law.
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Figure §. Fitting of the variable-temperature magnctic susceptibility
data. {Zero held splitting formula. Molecular field correction in
addition)

Table 3. Hvdrogen bonds

1 2
OIW 012 2.717(5) OQIW 012 2.731(3)
OIW 04w 2.844(6) OITW  O4W  2.858(4)
W 012 2.834(5) OQ2W 012 2848(3)
W 04w 2.831(6) O2W 04w 2.839(4)
O3W 013 2.695(5) O3W 013 2.691(3)
O3W 014 2.868(6) OQ3W 014 28144)
OdW 014 2.7147) Q4w 014 2.7494)
Ol 013 2.635(4) O 015 2.6533)
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