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Among azoles, attractive as N,N′-bridging coligands, only pyrazole derivatives were explored before our 
joint research [3; 4]. Previously, we found that tetrazole and its 5-R-substituted derivatives RCN4H, where 
R = H, Me, Ph, react readily with complex [Ni2L

mCl]+ or [Ni2L
mClO4]

+ to give [Ni2L
m(RCN4)]

+ ones [5] (fig. 2). 
Under same conditions bistetrazoles HN4C —X— CN4H, where X = 1,3-C6H4, 1,4-C6H4, NH, give the tetra-
nuclear complexes [(Ni2L

m)2(N4C — X— CN4)]
2+ [6; 7]. X-ray crystallography of these complexes isolated as 

BPh4 salts, showed that tetrazolates ligands bind to the [Ni2L
m]2+ fragment as bidendate bridges through their 

two endocyclic nitrogen atoms N2 and N3. Bistetrazolates join two dinuclear [Ni2L
m]2+ fragments through the 

same nitrogen atoms. 

1-Methyltetrazole-5-thiole (HSCN4Me) reacts with [Ni2L
mClO4]

+ to give complex [Ni2L
m (SCN4Me)]BPh4 

with N3,N4-bridging mode of tetrazole-5-thiolate coligand [8] (see fig. 2). Here we describe the synthesis and 
characterisation of novel dinickel macrocyclic hexaaza-dithiophenolate complex bearing another functionally 
substituted tetrazolate coligand, 5-(4-pyridyl)tetrazolate. It should be noted that coordination chemistry of this 
ligand is poorly explored. Only several Cu(I) [9], Cu(II) [10–14], Cd(II) [15–18], Mn(II) [17], Ni(II) [19], 
Zn(II) [9; 20–23], Pb(II) [24], Co(II) [25] complexes with coordinated 5-(4-pyridyl)tetrazolate were structurally 
characterised till now.

Materials and methods
All reactions were carried out under inert atmosphere. The complex [Ni2L

m(ClO4)]ClO4 was prepared ac-
cording to the literature procedure [26; 27]. 5-(4-Pyridyl)tetrazole have been prepared by the cycloaddition 
of sodium azide to 4-cyanopyridine [28]. All other starting materials were commercially obtained and used 
without further purification. IR spectra were recorded on a Bruker Vector 27 FT-IR spectrometer (USA) using 
KBr pellets. Elemental analyses were performed with a Vario EL elemental analyser (Elementar, USA). ESI 
mass spectra were recorded with a 7 Tesla Apex II instrument (Bruker Daltonics, USA).

Synthesis of  [Ni2L
m(PyrCN4)]ClO4. Triethylamine (22  mg, 0.22  mmol) was added to a  solution of 

5-(4-pyridyl)tetrazole (18.4 mg, 0.125 mmol) in methanol (20 mL). Complex [Ni2L
m(ClO4)]ClO4 (110 mg, 

0.113 mmol) was added and the resulting green solution stirred for 20 h. A solution of LiClO4 ⋅ 3H2O (321 mg, 
2.00 mmol) in methanol (5 mL) was then added to the green solution. After further stirring for 1 h, the green 
precipitate was filtered off, washed with cold ethanol, and dried in air. The yield of complex was 90 mg (77 %). 
Complex was characterised by elemental analyses and IR spectroscopy.

Elemental analysis for C44H68ClN11Ni2O4S2 (1029.33): C 51.21, H 6.64, N 14.93 %; found C 51.39, H 6.74, 
N 15.10 %; 

IR (KBr), cm–1: 3431 (strong (s)), 2961 (s), 2866 (s), 2029 (weak (w)), 1639 (medium (m)), 1610 (m), 
1559  (w), 1490 (m), 1461 (s), 1426 (m), 1397  (w), 1364 (m), 1310 (w), 1265 (w), 1238 (w), 1204 (m), 
1149  (m), 1090 (s, ν3(ClO4

–)), 1058 (s), 1040  (s), 1021  (w), 998 (w), 930 (w), 916 (m), 881 (w), 829 (m), 
809 (w), 754 (w), 701 (w), 626 (m, ν4(ClO4

–)), 566 (w), 536 (w), 489 (w), 418 (w).
Synthesis of [Ni2L

m(PyrCN4)]BPh4. A solution of NaBPh4 (171 mg, 0.5 mmol) in methanol (5 mL) was 
added to a solution of [Ni2L

m(PyrCN4)]ClO4 (52 mg, 0.05 mmol) in methanol (25 mL) and stirred for 1 h at 
ambient temperature. The green solid was filtered, washed with ethanol and dried in air. The yield of complex 
was 55 mg (88 %). Complex was characterised by elemental analyses and IR spectroscopy.

Elemental analysis for C68H88BN11Ni2S2 (1251.85): C 65.24, H 7.09, N 12.31 %; found C 65.89, H 7.46, 
N 12.10 %; 

IR (KBr), cm–1: 3434 (s), 3056 (m), 3034 (m), 2999 (m), 2965 (s), 2863 (s), 1938 (w), 1611 (m), 1580 (m), 
1560 (w), 1480 (s), 1464 (s), 1423 (m), 1394 (w), 1362 (m), 1311 (w), 1290 (w), 1264 (m), 1235 (m), 1201 (w), 

Fig. 2. Complexes of [Ni2L
m]2+ with tetrazole derivatives


