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Two novel trinuclear oxamato-bridged thiosemicarbazone complexes, [Cu(obte)]2Cd(DMF)2 (2)
and [Cu(obte)]2Mn(DMF)2 (3) (H2obte = N-(2-benzaldehyde) oxamic acid ethyl ester thiosemi-
carbazone (1); DMF = dimethylformamide), have been synthesized and characterized by elemental
analysis, IR spectroscopy, thermogravimetric analysis (TGA) and single-crystal X-ray diffraction.
Complexes 2 and 3 are isostructural, displaying a trinuclear structure. The luminescence properties
of complexes 2 and 3 were investigated in the solid state at room temperature. The ligand 1 and its
complex 2 have been evaluated for their antitumor activities against K562 cells.
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Introduction

Heterometallic complexes have been of consider-
able interest in recent years because of their impor-
tant role in biochemistry and material science [1 – 3].
To obtain heterometallic complexes, a successful strat-
egy is the “complex as ligand” approach, i. e., utiliz-
ing a metal complex as a ligand to coordinate an ap-
propriate additional metal ion [4, 5]. Along this line,
the use of mononuclear oxamidato complexes as lig-
ands toward other metal ions constitutes a step towards
high-nuclearity metal complexes [6 – 10].

Thiosemicarbazones have been extensively studied
because they have a wide range of actual or potential
medical applications which include notably antipara-
sital [11], antitumor [12, 13] and antibacterial activ-
ity [14]. Many thiosemicarbazones, such as Marbo-
ran or Triapine, are already used in medical prac-
tice. Their mechanism of action is still controversial
in many respects, but it is known that heterocyclic
thiosemicarbazones act by inhibiting ribonucleotide

reductase, a key enzyme in the biosynthesis of DNA
precursors [15]. In general, thiosemicarbazones are ob-
tained by condensation of the corresponding thiosemi-
carbazide with aldehydes or ketones. They show a wide
range of biological activity depending on the parent
aldehyde or ketone. Earlier reports on N(4)-substituted
thiosemicarbazones have concluded that the presence
of bulky groups at the N(4) position of the thiosemi-
carbazone moiety greatly enhances biological activ-
ity [16 – 18].

For the purpose of construction of heterometallic
coordination polymers with novel structure and bio-
logical activity, we have synthesized a new thiosemi-
carbazone ligand as an oxamato bridge using N-(2-
benzaldehyde) oxamic acid ethyl ester (1) and two new
complexes with the formula [Cu(obte)]2Cd(DMF)2 (2)
and [Cu(obte)]2Mn(DMF)2 (3). They have been char-
acterized by IR spectra, thermogravimetric analysis
and fluorescence. Furthermore, the antitumor activity
of the free ligand 1 and the complex 2 against K562
cells was evaluated.
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Scheme 1. Synthesis of 1, 2 and 3.

Experimental Section

Materials

All chemicals and solvents were of analytical grade and
used as commercially available. N-(2-Benzaldehyde) oxamic
acid ethyl ester was synthesized according to the litera-
ture [19]. The syntheses of 1, 2 and 3 were carried out as
shown in Scheme 1.

Physical measurements

Elemental analyses for C, H and N were carried out on
a Perkin-Elmer 2400II analyzer. The infrared spectra were
recorded on an Avater-360 spectrometer using KBr pellets
in a range of 400∼ 4000 cm−1. Thermogravimetric analysis
was carried out on an TGA/SDTA851 analyzer in a nitrogen
atmosphere, and the complexes were heated to 1000 ◦C at
a heating rate of 10 ◦C min−1. The fluorescence spectra were
measured on a F-7000 Fluorometer.

Synthesis of the ligand precursor EtH2obte (1)

The ligand was synthesized by refluxing a solution
of N-(2-benzaldehyde) oxamic acid ethyl ester (0.66 g,
3 mmol) and thiosemicarbazide (0.27 g, 3 mmol) in 50 mL
of methanol for two hours. On cooling, colorless acicu-
lar crystals were formed. Yield: 0.72 g (82%). – Anal. for
C12H14N4O3S: calcd. C 48.97, H 4.53, N 18.80; found C
48.92, H 4.76, N 18.93%. – IR (KBr, cm−1): ν = 3410m,
1608vs, 1526m, 1471vs, 1439m, 1381w, 1221s, 1183m,
831m, 755m.

Synthesis of the mononuclear precursor Na[Cu(obte)]·H2O

EtH2obte (0.58 g, 2 mmol) and NaOH (0.16 g, 4 mmol)
were dissolved in 20 mL methanol with stirring, then
Cu(OAc)2·H2O (0.398 g, 2 mmol) was added. After heating
to reflux for two hours, a green precipitate appeared. The
green solid was isolated by filtration, washed with methanol,
and dried under vacuum. Yield: 0.51 g (78%). – Anal. for
C10H10N4O4SNaCu: calcd. C 32.57, H 2.73, N 15.19; found
C 32.53, H 2.82, N 15.07%. – IR (KBr, cm−1): ν = 3309m,
1617vs, 1552m, 1477vs, 1433m, 1398w, 1210s, 1163m,
862m, 752m.

Synthesis of [Cu(obte)]2Cd(DMF)2 (2)

An aqueous solution (10 mL) of Na[Cu(obte)]·H2O
(0.071 g, 0.2 mmol) was added to a solution of
Cd(NO3)2·4H2O (0.031 g, 0.1 mmol) in DMF (10 mL).
The mixture was stirred for two hours to yield a pale-green
solution. The solution was filtered, and the filtrate was left
unperturbed to allow the slow evaporation of the solvent
in air. Needle-shaped purple X-ray-quality single crystals
of complex 2 were obtained after several days. Yield: 55%
based on the initial Cd(NO3)2·4H2O input. – Anal. for
C26H30N10O8S2Cu2Cd: calcd. C 34.16, H 3.31, N 15.32;
found C 34.09, H 3.42, N, 15.23%. – IR (KBr, cm−1):
ν = 3407m, 1623vs, 1553m, 1473vs, 1441m, 1380w, 1205s,
1148m, 860m, 767m.

Synthesis of [Cu(obte)]2Mn(DMF)2 (3)

The procedure was the same as that used for 2 except that
Cd(NO3)2·4H2O was replaced by Mn(OAc)2·4H2O.
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Empirical formula C12H14N4O3S C26H30Cu2CdN10O8S2 C26H30Cu2MnN10O8S2

Formula weight 294.32 914.20 856.74
Crystal system monoclinic monoclinic monoclinic
Space group P21/n C2/c C2/c
a, Å 12.364(4) 24.347(3) 23.992(5)
b, Å 7.666(2) 8.406 (1) 8.440 (2)
c, Å 15.701(5) 18.712(2) 18.625(4)
β , deg 105.983(5) 114.775(2) 114.490(2)
V , Å3 1430.7(8) 3477.3(8) 3432.4(1)
Z 4 4 4
Dcalcd., g cm−3 1.36 1.75 1.77
µ(MoKα ), mm−1 0.2 2.0 1.7
T , K 296(2) 296(2) 296(2)
λ , Å 0.71073 0.71073 0.71073
Index ranges hkl −15≤ h≤ 14 −28≤ h≤ 22 −28≤ h≤ 28

−9≤ k ≤ 9 −9≤ k ≤ 9 −10≤ k ≤ 10
−19≤ l ≤ 17 −20≤ l ≤ 22 −22≤ l ≤ 22

Refl. total/unique/Rint 7734/2807/0.0389 8644/3063/0.0236 16158/3016/0.0633
Ref. parameters 182 224 224
Goodness-of-fit 1.008 1.069 1.009
R1/wR2 [I > 2 σ(I)] 0.0487/0.1257 0.0352/0.0957 0.0449/0.1127
R1/wR2 (all data) 0.0917/0.1421 0.0471/0.1015 0.0761/0.1259
∆ρfin (max/min), e Å−3 0.58/−0.21 0.66/−0.54 0.64/−0.45

Table 1. Crystal data, data col-
lection and structure refine-
ment details for 1, 2 and 3.

Violet crystals were obtained. Yield: 62% based
on the initial Mn(OAc)2·4H2O input. – Anal. for
C26H30N10O8S2Cu2Mn: calcd. C 36.45, H 3.53, N
16.35; found C 36.37, H 3.62, N 16.27%. – IR (KBr, cm−1):
ν = 3427m, 1620vs, 1555m, 1473vs, 1439m, 1383w, 1206s,
1151m, 860m, 764m.

Crystal structure determinations

The single crystals used for data collection were mounted
on a Bruker Smart APEX diffractometer with a CCD de-
tector using graphite monochromated MoKα radiation (λ =
0.71073 Å). Lorentz and polarization corrections were ap-
plied to the intensity data, and an absorption correction
was performed using the program SADABS [20]. The crys-
tal structure was solved using SHELXTL and refined by full-
matrix least-squares techniques [21]. The positions of hydro-
gen atoms were calculated and included in the final cycles of
refinement in a riding model along with the attached carbon
atoms. Crystal data and numbers pertinent to data collection
and structure refinement are given in Table 1. Selected bond
lengths and angles are given in Table 2.

CCDC 724013 (1), 738488 (2) and 724014 (3) contain
the supplementary crystallographic data for this paper. This
data can be obtained, free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.com.ac.uk/data
request/cif.

Antitumor experiments

The antitumor activity was investigated in cell line K562
(a human leucocythemia cancer cell line purchased from the
Institute of Biochemistry and Cell Biology, SIBS, CAS).

Cells were cultured in RPMI-1640 medium supplemented
with 10% FBS, 100 U mL−1 of penicillin, 100 µg (200 µL
per well) of streptomycin at 37 ◦C in humid air atmosphere
containing 5% CO2. Cell cytotoxicity was assessed by the
MTT assay. Briefly, cells were placed into a 96-well plate
(5× 103 cells per well). The next day compounds at vari-
ous concentrations (10, 30, 50 µmol mL−1) diluted in cul-
ture medium were added to the wells (100 µL per well). 24 h
later, 20 µL of MTT (1 mg mL−1 MTT in FBS) was added,
and the cells were incubated for a further 4 h. 150 µL of
DMSO was added to each culture to dissolve the MTT crys-
tals. The MTT-formazan product dissolved in DMSO was es-
timated by measuring absorbance at 570 nm with a micro
plate reader. Then the inhibitory percentage of each com-
pound at various concentrations was calculated, and the IC50
(50% inhibitory concentration) value was determined [22].

Results and Discussion

Crystal structures of 1, 2 and 3

The ligand precursor 1 crystallizes in the mono-
clinic space group P21/n with Z = 4. The molec-
ular structure with the atomic numbering scheme is
given in Fig. 1, and selected bond lengths and angles
are listed in Table 2. The thiosemicarbazone skele-
ton comprising the atoms N3, N2, C1, S1 and N1 is
practically planar (maximum deviation of−0.0086 Å).
The dihedral angle formed between the plane of the
thiosemicarbazone and the phenyl ring is 0.47(8)◦.

www.ccdc.com.ac.uk/data_request/cif
www.ccdc.com.ac.uk/data_request/cif
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Table 2. Selected bond lengths (Å) and angles (deg) for 1, 2
and 3a.

Bond lengths for 1
S1–C1 1.678(3) N1–C1 1.329(3)
N2–C1 1.342(3) N2–N3 1.379(3)
N3–C2 1.276(3) N4–C9 1.353(3)
N4–C8 1.411(3) O1–C10 1.193(3)
O2–C10 1.312(3) O2–C11 1.462(3)
O3–C9 1.216(3)
Bond angles for 1
C1–N2–N3 121.3(2) C2–N3–N2 115.5(2)
C9–N4–C8 127.8(2) C10–O2–C11 115.7(2)
N1–C1–N2 117.6(2) N1–C1–S1 122.9(2)
N2–C1–S1 119.4(2) O3–C9–N4 127.7(3)
O1–C10–O2 125.6(3)
Bond lengths for 2 Bond lengths for 3
Cd1–O2 2.295(2) Mn1–O2 2.198(3)
Cd1–O3 2.281(2) Mn1–O3 2.182(3)
Cd1–O4 2.228(3) Mn1–O4 2.131(3)
Cu1–O1 1.941(3) Cu1–O1 1.941(3)
Cu1–N3 1.975(3) Cu1–N3 1.926(3)
Cu1–N4 1.930(3) Cu1–N4 1.968(3)
Cu1–S1 2.226(1) Cu1–S1 2.229(2)
Bond angles for 2 Bond angles for 3
O3–Cd1–O2 72.5(9) O3–Mn1–O2 74.7(1)
O4–Cd1–O2 85.4(1) O4–Mn1–O2 86.5(1)
O4–Cd1–O3 101.1(1) O4–Mn1–O3 100.1(1)
O2–Cd1–O2#1 98.6(1) O2–Mn1–O2#1 96.2(2)
O3–Cd1–O3#1 159.7(1) O3–Mn1–O3#1 161.4(2)
O4–Cd1–O4#1 94.7(2) O4–Mn1–O4#1 93.8(2)
O3–Cd1–O2#1 94.0(9) O3–Mn1–O2#1 92.8(1)
O4–Cd1–O2#1 164.9(1) O4–Mn1–O2#1 167.1(1)
O4–Cd1–O3#1 92.7(1) O4–Mn1–O3#1 92.6(1)
O1–Cu1–N3 178.4(1) O1–Cu1–N3 178.5(1)
O1–Cu1–N4 85.7(1) O1–Cu1–N4 85.7(1)
N3–Cu1–N4 95.6(1) N3–Cu1–N4 95.3(2)
O1–Cu1–S1 91.8(8) O1–Cu1–S1 92.0(1)
N3–Cu1–S1 86.9(1) N3–Cu1–S1 87.0(1)
N4–Cu1–S1 177.4(9) N4–Cu1–S1 177.7(1)

a Symmetry codes for 2: #1 −x, y, −z + 1/2; for 3, #1 −x + 1, y,
−z+1/2.

The C1–S1 (1.677(3) Å), C1–N2 (1.341(3) Å), N2–
N3 (1.380(3) Å), and C2–N3 (1.275(3) Å) bond
lengths are comparable with those of related com-
pounds [23, 24]. The distances indicate that there is
some electron delocalization in the thiosemicarbazide
side chain. The C2–N3 distance (1.275(3) Å) is appre-
ciably close to that of a C=N double bond (1.28 Å),
confirming the azomethine bond formation. The C9–
C10 distance (1.526(4) Å]) is comparable with the data
found in the literature (1.518(7) Å [25]).

Complexes 2 and 3 are isostructural crystallizing in
the monoclinic space group C2/c with Z = 4. They ex-
hibit crystallographical 2 (C2) symmetry. The follow-
ing discussion is restricted mainly to the Cd(II) com-

Fig. 1 (color online). Crystal structure of ligand 1 with the
atomic numbering scheme adopted. Hydrogen atoms are
omitted for clarity.

Fig. 2 (color online). Crystal structure of complex 2 with
the atomic numbering scheme adopted. Hydrogen atoms are
omitted for clarity.

plex 2. The molecular structure of the complex 2 along
with the atomic numbering scheme is given in Fig. 2.
Selected bond lengths and angles of 2 and 3 are listed
in Table 2.

Complex 2 consists of a heterotrinuclear unit
CuIICdIICuII and two DMF molecules. The Cd(II) ion
is in a distorted octahedral coordination geometry, with
four oxygen atoms from oxamato groups, and two oxy-
gen atoms from two DMF molecules. The lengths of
the Cd–O bonds range from 2.228(3) to 2.293(2) Å
with the Cd–O(DMF) bond length being 2.228(3) Å.
As can be seen in Table 2, the Cd(II)–O bond lengths
are slightly longer then the respective Mn(II)–O val-
ues. This is consistent with the larger ionic radius for
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hexa-coordinate Cd(II) with respect to hexa-coodinate
high-spin Mn(II) [26].

The Cd(II) ion is connected to the Cu(II) ions via the
oxygen atoms of the oxamato ligand. The Cu(II) ion is
in a distorted square-planar geometry with a CuN2OS
surrounding. It is coordinated by one oxygen atom, two
nitrogen atoms and one sulfur atom from oxamidate
bridges. The Cu· · ·Cd distance through the oxamido
bridge is 5.538 Å.

Structurally there are a few significant differences
between the ligand 1 and the novel cadmium(II) com-
plex 2. The C–S bond distance has been increased from
1.677(3) to 1.731(4) Å in complex 2, an intermediate
value between a single (1.82 Å) and double (1.56 Å)
C–S bond. This is an indication that there is some elec-
tron delocalization in the thiosemicarbazide chain. The
Cu(1)–Cd(1)–Cu(#1) angle is 120.24(7)◦, and the di-
hedral angle formed by the planes Cu1[N1,O1,O2,O3]
and Cd1[N1#1,O1#1,O2#1,O3#1] is 75.81(3)◦.

Thermogravimetric analysis

The TGA curves of complexes 2 and 3 are shown
in Fig. 3. The curve of 2 suggests that the weight
loss in the range from 199 to 296 ◦C is 16%, corre-
sponding to the loss of two DMF molecules (calcd.
16.0%). On further heating, the material loses weight
continuously. The framework of complex 2 is decom-
posed to leave CdO and CuO. The observed weight
(31.3%) is in good agreement with the calculated value
(31.4%). For 3, the first weight loss of 18.1% in the
range of 192 – 324 ◦C corresponds to the release of
two DMF molecules (calcd. 17.0%). Complex 3 loses

Fig. 3 (color online). TG curves of complexes 2 and 3.

weight continuously from 325 ◦C, indicating that the
main structure collapses. The decomposition products
were identified as MnO and CuO. The observed weight
(24.0%) was comparable with the calculated value
(26.8%).

Luminescence properties

The luminescence properties of 1, 2 and 3 were stud-
ied in the solid state at room temperature. As indicated
in Fig. 4, 1 exhibits a main emission peak at 380 nm
upon excitation at 250 nm. This could be attributed
to the benzaldehyde thiosemicarbazone group. Com-
plexes 2 and 3 show luminescent emission maxima at
317, 359 nm (2) and 317, 360 nm (3) for the excitation

Fig. 4 (color online). Photoinduced emission spectra of 1, 2
and 3 in the solid state at room temperature.

Fig. 5. The antitumor inhibitory rate of A–C against the K562
leukemia cell line with the concentration change (A: ligand
1, B: Na[Cu(obte)], C: complex 2).
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wavelength of 255 nm, it may be tentatively ascribed
to ligand-to-metal charge transfer (LMCT). The inten-
sity of the charge transfer band is increased with a pro-
nounced red shift.

Antitumor activity

The Schiff base ligand 1, the mononuclear precursor
Na[Cu(obte)] and the complex 2 were studied for their
antitumor inhibitory effect at various concentrations
(10, 30, 50 µmol mL−1). The results are presented in
Fig. 5. Along with the increase of the concentration of
compounds, their inhibitory effect against K562 is en-
hanced. It is clear from the data that the Schiff base

ligand 1 shows less inhibitory effect for K562 than the
metal compounds, and complex 2 shows the strongest
inhibition, confirming that the antitumor activity of
thiosemicarbazones can be enhanced by the linkage to
metal ions.
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F. Lloret, M. Julve, J. Faus, Dalton Trans. 2010, 39,
11403 – 11411.

[5] X. Z. Li, P. P. Hao, D. Wang, W. Q. Zhang, L. N. Zhu,
Cryst. Eng. Commun. 2012, 14, 366 – 369.

[6] J. K. Tang, Y. Z. Li, Q. L. Wang, E. Q. Gao, D. Z. Liao,
Z. H. Jiang, Inorg. Chem. 2002, 41, 2188 – 2192.

[7] F. Birkelbach, T. Weyhermüller, M. Lengen, M. Ger-
dan, A. X. Trautwein, K. Wieghardt, P. Chaudhuri, J.
Chem. Soc., Dalton Trans. 1997, 4529 – 4538.

[8] M. M. Miao, P. Cheng, D. Z. Liao, Z. H. Jiang, G. L.
Wang, Trans. Met. Chem. 1997, 22, 19 – 21.

[9] J. Tercero, C. Diaz, J. Ribas, M. Maestro, J. Mahia,
H. Stoeckli-Evans, Inorg. Chem. 2003, 42, 3366 –
3373.

[10] M. M. Miao, P. Cheng, D. Z. Liao, Z. H. Jiang, G. L.
Wang, Trans. Met. Chem. 1997, 22, 330 – 332.

[11] X. Du, C. Guo, E. Hansel, P. S. Doyle, C. R. Caffrey,
T. P. Holler, J. H. McKerrow, F. E. Cohen, J. Med.
Chem. 2002, 45, 2695 – 2707.

[12] Z. Afrasiabi, E. Sinn, J, Chen, Inorg. Chim. Acta 2004,
357, 271 – 278.

[13] E. Y. Yan, Y. L. Fu, X. Wang, Y. Ding, H. Q. Qian,
C. H. Wang, Y. Hu, X. Q. Jiang, J. Mater. Chem. 2011,
21, 3147 – 3155.

[14] J. Y. Song, H. Y. Kong, J. Y. Jang, Chem. Commun.
2009, 5418 – 5420.

[15] M. C. Miller III, C. N. Stineman, J. R. Vance, D. X.
West, I. H. Hall, Anticancer Res. 1998, 18, 4131 – 4139.

[16] S. K. Jain, B. S. Garg, Y. K. Bhoon, Spectrochim. Acta
1986, 42A, 959 – 968.

[17] M. E. Hossain, M. N. Alam, J. Begum, M. A. Ali,
M. Nazimudhin, F. E. Smith, R. C. Hynes, Inorg.
Chim. Acta 1996, 249, 207 – 213.

[18] H. Beraldo, D. Gambino, Mini Rev. In Med. Chem.
2004, 4, 159 – 165.

[19] X. Zhong, J. Yi, J. Sun, H. L. Wei, W. S. Liu, K. B. Yu,
Eur. J. Med. Chem. 2006, 41, 1090 – 1092.

[20] G. M. Sheldrick, SADABS, Program for Empirical Ab-
sorption Correction of Area Detector Data, University
of Göttingen, Göttingen (Germany) 2002.

[21] G. M. Sheldrick, SHELXTL (version 5.1), Bruker Ana-
lytical X-ray Systems, Inc., Madison, WI (USA) 1997.

[22] M. Vazquez, L. Fabrizzi, A. Taglietti, R. M. Pedrido,
A. M. Gonzalez-Noya, M. R. Bermejo, Angew. Chem.
Int. Ed. 2004, 43, 1962 – 1965.

[23] M. A. Ali, A. H. Mirza, W. B. Ejau, P. V. Bernhardt,
Polyhedron 2006, 25, 3337 – 3342.

[24] M. Poyraz, M. Sari, F. Demirci, M. Kosar, S. Demi-
rayak, Polyhedron 2008, 27, 2091 – 2096.

[25] B. L. Liu, J. Dang, R. J. Tao, Z. Naturforsch. 2011, 66b,
275 – 278.

[26] R. D. Shannon, Acta Crystallogr. 1976, A32, 751 –
767.

http://dx.doi.org/10.1016/j.inoche.2006.03.026
http://dx.doi.org/10.1016/j.inoche.2006.03.026
http://dx.doi.org/10.1039/b702266b
http://dx.doi.org/10.1039/b702266b
http://dx.doi.org/10.1039/c0dt00879f
http://dx.doi.org/10.1039/c0dt00879f
http://dx.doi.org/10.1039/c0dt00879f
http://dx.doi.org/10.1039/c1ce06273e
http://dx.doi.org/10.1039/c1ce06273e
http://dx.doi.org/10.1021/ic010674q
http://dx.doi.org/10.1021/ic010674q
http://dx.doi.org/10.1039/a704771a
http://dx.doi.org/10.1039/a704771a
http://dx.doi.org/10.1039/a704771a
http://dx.doi.org/10.1023/A:1018457417257
http://dx.doi.org/10.1023/A:1018457417257
http://dx.doi.org/10.1021/ic026264z
http://dx.doi.org/10.1021/ic026264z
http://dx.doi.org/10.1021/ic026264z
http://dx.doi.org/10.1023/A:1018449532220
http://dx.doi.org/10.1023/A:1018449532220
http://dx.doi.org/10.1021/jm010459j
http://dx.doi.org/10.1021/jm010459j
http://dx.doi.org/10.1021/jm010459j
http://dx.doi.org/10.1016/S0020-1693(03)00484-5
http://dx.doi.org/10.1016/S0020-1693(03)00484-5
http://dx.doi.org/10.1039/c0jm03234d
http://dx.doi.org/10.1039/c0jm03234d
http://dx.doi.org/10.1039/c0jm03234d
http://dx.doi.org/10.1039/b908060k
http://dx.doi.org/10.1039/b908060k
http://dx.doi.org/10.1016/0584-8539(86)80003-4
http://dx.doi.org/10.1016/0584-8539(86)80003-4
http://dx.doi.org/10.1016/0020-1693(96)05098-0
http://dx.doi.org/10.1016/0020-1693(96)05098-0
http://dx.doi.org/10.1016/0020-1693(96)05098-0
http://dx.doi.org/10.1016/j.ejmech.2006.05.009
http://dx.doi.org/10.1016/j.ejmech.2006.05.009
http://dx.doi.org/10.1002/anie.200353148
http://dx.doi.org/10.1002/anie.200353148
http://dx.doi.org/10.1002/anie.200353148
http://dx.doi.org/10.1016/j.poly.2006.06.003
http://dx.doi.org/10.1016/j.poly.2006.06.003
http://dx.doi.org/10.1016/j.poly.2008.03.030
http://dx.doi.org/10.1016/j.poly.2008.03.030
http://dx.doi.org/10.5560/ZNB.2011.66b0275
http://dx.doi.org/10.5560/ZNB.2011.66b0275
http://dx.doi.org/10.1107/S0567739476001551
http://dx.doi.org/10.1107/S0567739476001551
http://dx.doi.org/10.1107/S0567739476001551
http://dx.doi.org/10.1107/S0567739476001551

	Synthesis, Crystal Structures and Properties of Two Heterometallic Complexes [Cu2M] (M = Cd, Mn) with aNovel Oxamato-bridged Ligand 
	1 Introduction
	2 Experimental Section
	2.1 Materials
	2.2 Physical measurements
	2.3 Synthesis of the ligand precursor EtH2obte (1)
	2.4 Synthesis of the mononuclear precursor Na[Cu(obte)]H2O
	2.5 Synthesis of [Cu(obte)]2Cd(DMF)2 (2)
	2.6 Synthesis of [Cu(obte)]2Mn(DMF)2 (3)
	2.7 Crystal structure determinations
	2.8 Antitumor experiments

	3 Results and Discussion
	3.1 Crystal structures of 1, 2 and 3
	3.2 Thermogravimetric analysis
	3.3 Luminescence properties
	3.4 Antitumor activity
	3.5 Acknowledgement



