
Electronic supplementary materials Mendeleev Commun., 2015, 25, 27−28 

 

First example of neutral dinuclear cobalt complex formed by bridging  

[-O2P(H)R]
−
 ligands: synthesis, X-ray crystal structure and quantum-chemical 

study 

 

Dmitry G. Yakhvarov, Ekaterina A. Trofimova, Alexey B. Dobrynin, Tatiana P. Gerasimova, 

Sergey A. Katsyuba and Oleg G. Sinyashin 

 

 

All reactions and manipulations were carried out under dry, pure nitrogen using standard Schlenk 

apparatus. Ethanol was purified by distillation and was stored under an atmosphere of dry nitrogen. 

2,2'-Bipyridine (Alfa Aesar), CoBr2·x 6H2O (Fluka) are commercially available and were used without 

additional purification. AntP(O)(OH)H was prepared according to the described procedure.
1
 

Elemental analysis was performed on a EuroVector CHNS-O Elemental Analyser EA3000. The 

cobalt and phosphorus contents of the obtained compounds were determined by inductively coupled 

plasma mass spectrometry (ICP-MS) on a Perkin-Elmer Elan DRC II mass spectrometer (USA) and 

atomic absorption spectroscopy (AAS) on a Carl Zeiss AAS1 spectrometer. 

X-ray diffraction analysis was performed on automatic diffractometer Bruker Smart APEX II CCD 

(λMoKα). The structure was solved by direct method using SIR program
2
 and refined by the full matrix 

least-squares using SHELXL-97 program.
3
 All non-hydrogen atoms were refined anisotropically. All 

hydrogen atoms were placed into the geometrically calculated positions and refined as riding atoms. 

Hydrogens of P-atoms, located in Fourier maps, were refined isotropically. All calculations were 

performed using WinGX program.
4
 Analysis of intermolecular interactions were performed using 

PLATON program.
5
 All the figures were produced by MERCURY program.

6
 

All quantum-chemical computations reported in this study were carried out using the Gaussian 09
7
 

suite of programs. Calculations were performed with Becke`s exchange functional
8
 in combination with 

Perdew and Wang 1991 gradient-corrected correlation functional
9
 (BPW91) as pure GGA; Becke’s 

three parameter hybrid exchange functional
10

 and the gradient-corrected nonlocal correlation functional 

of Lee, Yang and Parr
11

 (B3LYP); B3PW91, which uses the PW91 correlation functional
9
 instead of 

LYP, but retains the three parameters derived for B3LYP; and OPBE density functional, which is 

Handy and Cohen’s optimized exchange functional OPTX
12

 in combination with Perdew–Burke–

Ernzerhof (PBE) functional
13

. The OPBE functional is reported to yield reliable predictions of energy 



gaps beyween high and low spin states of different complexes
14

. The ligand atoms H, C, O and P were 

treated with 6-31G* basis set,
15

 while for Co atoms ECP LanL2DZ basis set
16

 was used. This level of 

approximation was shown to produce good results when describing structural and spectroscopic 

parameters of various organic compounds and their complexes.
17

 Stationary points were characterized 

as minima by analysis of the Hessian matrices. For modeling the case of antiparallel electron spins on 

metal centers broken symmetry approach
18

 was applied. The selected calculated bond lengths and 

angles for complex 1 are compared with the corresponding experimental values in Table S1. 

Table S1 Comparison of experimental and calculated selected bond lengths (Å) and angles (°) for 

complex 1. 

 
        X-ray 

B3LYP 

 HS LS 

Со(1)-Br(1) 

Со(1)-N(1) 

Со(1)-N(2) 

Со(1)-O(2) 

Со(1)-O(1) 

P(1)-O(2) 

P(1)-O(1) 

P(1)-C(2) 

O(1)-Со(1)-O(2) 

O(1)-P(1)-O(2) 

Со(1)-O(2)-P(1) 

Со(1)-O(1)-P(1) 

2.485(3) 

2.139(6) 

2.098(6) 

1.988(5) 

1.982(5) 

1.499(5) 

1.490(5) 

1.811(7) 

114.44(19) 

116.6(3) 

139.3(3) 

143.1(3) 

2.58 

2.22 

2.17 

2.01 

2.01 

1.54 

1.54 

1.83 

119 

117 

137 

134 

2.52 

2.00 

2.05 

1.93 

2.13 

1.55 

1.52 

1.84 

115 

117 

140 

137 

 

Preparation of bis(2-anthrylphosphinato-O,O’)-bis(2,2’-bipyridine)-dicobalt(II) dibromide (1). 

0.65 g (2.0 mmol) of CoBr2 × 6H2O, 0.31 g (2.0 mmol) of 2,2'-bipyridine and 0.48 g (2.0 mmol) of 9-

anthrylphosphinic acid AntP(O)(OH)H were added to 100 ml of ethanol witht continuous stirring. The 

mixture has been stirred for a couple of hours to complete dissolving of the added solids, filtered off 

and the filtrate left for crystallization in inert atmosphere in dark place. These manipulations allow 

obtaining 0.92 g (yield 43 %) of complex 1 as violet crystals suitable for X-ray crystal structure 

analysis. 

Anal. Calcd. C48H36Br2Co2N4O4P2 (1072.45) (%): C 53.76; H 3.38; Br 14.90; Co 10.99; N 5.22; P 

5.78. Found (%): C 53.78; H 3.41; Br 14.93; Co 11.02; N 5.25; P 5.82. 

 

 



References 

1 D. Yakhvarov, E. Trofimova, O. Sinyashin, O. Kataeva, P. Lönnecke, E. Hey-Hawkins, A. Petr, Yu. 

Krupskaya, V. Kataev, R. Klingeler and B. Büchner, Inorg. Chem., 2011, 50, 4553. 

2 A. Altomare, G. Cascarano, C. Giacovazzo and D. Viterbo,  Acta Crystallogr., Sect. A, 1991, 47, 

744. 

3 G. M. Sheldrick, SHELX-97. Programs for Crystal Structure Analysis (Release 97-2), University of 

Göttingen, 1997, vols. 1, 2. 

4 L. J. Farrugia, J. Appl. Crystallogr., 1999, 32, 837. 

5 A. L. Spek, Acta Crystallogr., Sect. D, 2009, 65, 148 

6 C. F. Macrae, I. J. Bruno, J. A. Chisholm, P. R. Edgington, P. McCabe, E. Pidcock, L. Rodriguez-

Monge, R. Taylor, J. van de Streek and P. A. Wood, J. Appl. Crystallogr., 2008, 41, 466. 

7 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. 

Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, H. Li, H.P. 

Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. 

Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J.A. 

Montgomery, Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. 

Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J. 

Tomasi, M. Cossi, N. Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, 

J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. 

Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador, J.J. Dannenberg, 

S. Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, J. Cioslowski and D.J. Fox, 

Gaussian 09, Revision A.01, Gaussian Inc., Wallingford CT, 2009. 

8 A. D. Becke, Phys. Rev. A, 1988, 38, 3098. 

9 J. P. Perdew, Y. Wang Phys. Rev. B, 1992, 45, 13244. 

10 A. D. Becke, J. Chem. Phys., 1993, 98, 5648. 

11 C. Lee, W. Yang and R. G. Parr, Phys. Rev., 1988, B37, 785. 

12 (a) N. C. Handy and A. J. Cohen, Mol. Phys., 2001, 99, 403; (b) W.-M. Hoe, A. Cohen and N. C. 

Handy, Chem. Phys. Lett., 2001, 341, 319. 

13 (a) J. P. Perdew, K. Burke and M. Ernzerhof, Phys. Rev. Lett., 1996, 77, 3865; (b) J. P. Perdew, K. 

Burke and M. Ernzerhof, Phys. Rev. Lett., 1997, 78, 1396. 

14 (a) M. Swart, A.R. Groenhof, A.W. Ehlers and K. Lammertsma, J. Phys. Chem. A, 2004, 108, 

5479; (b) M. Swart, A.W. Ehlers and K. Lammertsma, Mol. Phys., 2004, 102, 2467. 

15 (a) W. J. Hehre, R. Ditchfield and J. A. Pople, J. Chem. Phys., 1972, 56, 2257; (b) P. C. Hariharan 

and J. A. Pople, Theor. Chim. Acta, 1973, 28, 213. 

16 (a) T. H. Dunning Jr. and P. J. Hay, Modern Theoretical Chemistry, ed. H. F. Schaefer, Plenum, 

New York, 1976, vol. 3, p. 1; (b) P. J. Hay and W. R. Wadt, J. Chem. Phys., 1985, 82, 270; (c) W. 



R. Wadt and P. J. Hay, J. Chem. Phys., 1985, 82, 284; (d) P. J. Hay and W. R. Wadt, J. Chem. 

Phys., 1985, 82, 299. 

17 (a) E. E. Zvereva, A. R. Shagidullin and S. A. Katsyuba, J. Phys .Chem. A., 2011, 115, 63; (b) T. P. 

Gryaznova, S. A. Katsyuba, V. A. Milyukov and O. G. Sinyashin, J. Organomet. Chem., 2010, 695, 

2586; (c) T. P. Griaznova, S. A. Katsyuba, O. G. Shakirova and L. G. Lavrenova, Chem. Phys. Lett., 

2010, 495, 50. 

18 (a) L. Noodleman, J. Chem. Phys., 1981, 74 (10), 5737; (b) L. Noodlemann and E. R. Davidson, 

Chem. Phys., 1986, 109, 131; (c) I. R. Farrel, F. Hartl, S. Záli, M. Wanner, W. Kaim and A. Vlček 

Jr., Inorg. Chim. Acta, 2001, 318, 143. 

 


