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SYNTHESIS AND STRUCTURE OF COORDINATION
COMPOUND OF COBALT(I) 5-SULFOSALICYLATE
WITH BENZOHYDRAZIDE

The new 5-sulfosalicylato cobalt coordination compound [Co(Bhz),],(HSSal),x7.5H,0
(where Bhz — benzohydrazide, HSSal*> — 5-sulfosalicylate anion) has been synthesized and
studied by elemental analysis, IR and diffuse reflectance spectroscopy and single-crystal
X-ray diffraction.
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Carboxylic acid hydrazides display a wide variety of biological activities, such as
antibacterial, antifungal, anthelmintic, anticonvulsant, and antitumor action [1]. Data on
the structures of cobalt(Il) complexes with benzohydrazide (Bhz) are relatively scarce.
Previously, we synthesized some cobalt(Il) benzohydrazide complexes with various
anions and stated that their compositions and structures to depend on the anion of the
salt taken for synthesis.

For example, for malonate, a 1:1 compound [Co(Bhz)(Mal)(H,0),]'H,0 is formed.
Its crystals are built from [Co(Bhz)(Mal)(H,0),] complex molecules and molecules of
crystallization water. The Co?" atom is in octahedral environment of two O atoms of the
malonate ligand, N and O atoms of benzohydrazide, and two water molecules [1].

Cobalt(Il) valerate and benzoate give 1:3 complexes with benzohydrazide [2], in
complex of cobalt(Il) phthalate this ratio is 1: 2 [3].

For maleate the composition corresponds to the formula [Co(Bhz),](Maleate)-4H,0.
Its structural units are complex cations [Co(Bhz),]*", maleate anions Maleate*, and
crystallized water molecules [4].

Previously we have synthesized coordination compound [Co(Bhz),](OH)
CI(H,Ssal)'H,O. Its structural units are Co(Bhz),** cations, OH  and CI anions,
sulfosalycilic acid molecules H,Ssal, and an H,0 molecule [5].

The aim of this work was synthesis and studying the structure of cobalt(Il)
S-sulfosalicylate coordination compound with benzohydrazide.

MATERIALS AND RESEARCH METHODS

Cobalt(Il) nitrate, 5-sulfosalicylic acid and benzohydrazide were of analytical grade.
Carbon, hydrogen and nitrogen contents for the coordination compound were carried
out on a LECO Tru Spec CHN automatic elemental analyzer. The content of cobalt was
determined by inductively coupled plasma atomic emission spectrometry (ICP-AES)
on a Perkin-Elmer Optima 8000 analyser. IR spectra were recorded on a Perkin-Elmer
SPECTRUM BX II FT-IR SYSTEM spectrometer at the range of 4000—400 cm™! at room
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temperature in KBr pellets. The diffuse reflection spectrum was recorded on a Lambda9
(Perkin-Elmer) spectrophotometer with MgO (100pMgO) as the standard.

Synthesis of [Co(Bhz),| ,(HSSal), 7.5H,0. Co(NO,),6H,0 (2.91 g, 0.01 mol) was
dissolved in water (5 mL), and NaOH (0.8 g, 0.02 mol) was added to the obtained solution.
A formed precipitate of cobalt(Il) hydroxide was filtered off, thoroughly washed with
water, and transferred to a beaker with 5-sulfosalicylic acid (2.18 g, 0.01 mol). Water
was added to the mixture to the complete dissolution of the cobalt(Il) 5-sulfosalicylate.
The solution (30 ml) of benzohydrazide (4.08 g, 0.03 mol) was added to the obtained
solution, and the resulting mixture was left to stay for precipitation. The precipitate
formed was filtered off, washed with water several times, and dried in a CaCl, desiccator
to a constant weight.

After dissolving under boiling in water/ethanol/n-propanol (1: 1: 1) mixture, the red
crystals suitable for single crystal X-ray structure determination were grown in 3 days by
slow evaporation of the solvents at room temperature. Yield: 5.8 g (78%).

Anal. Calc. (%) for C,H,,Co N O, S.-7.5H 0: C 46.15, H 3.85, Co 8.10, N 11.54;
found (%): C46.19, H 3.70, Co 7.97, N11.39.

X-ray crystallography

Diffraction data for coordination compound were collected on a Rigaku XtaLAB
AFCI1 diffractometer using CuK radiation (4 = 1.54184 A).

The collected diffraction data for [Co(Bhz),],(HSSal),"7.5H,0 (1) were processed
with the CrysAlis PRO program [6]. The structure was solved by ShelXS and refined
by the least-squares method on F? by ShelXL software with the following graphical
user interface of OLEX? [7, 8]. Atomic displacements for non-hydrogen atoms were
refined using an anisotropic model. The hydrogen atoms were placed on geometrically
calculated positions and refined as riding atoms with relative isotropic displacement
parameters. Two phenyl rings of each of three crystallographically independent
[Co(Bhz),]*" cations are disordered over two sites with an occupancy ratio of 0.87(7):
0.13(7) (C12-C17), 0.744(15): 0.256(15) (C23-C27), 0.557(5): 0.443(5) (C42-C47),
0.612(6): 0.388(6) (C52—C57), 0.766(11): 0.251(14) (C73—C77) and 0.45(5): 0.234(11)
(C83-C87), correspondingly. The crystal parameters, data collection, and refinement
details are summarized in Table 1.

Table 1

Selected crystal data and structure-refinement parameters of 1

Empirical formula C, H,,Co,N O, S.*7.5H,0
Formula weight 2185.78
Temperature, K 150
Wavelength Cuk,

Crystal system, space group Triclinic, P 1

Unit cell dimensions, A

a,A; a,° 15.91460(10); 74.5040(10)
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Continuing the table 1

b, A; B,° 17.72530(10); 73.3710(10)
e Ay, ° 19.17190(10); 88.0460(10)
v, A® 4988.41(6)

Z 2

Calculated density, g/cm® 1.455
Absorption coeff., mm! 5.225

F(000) 2268

Crystal size, mm

0.15x0.22 x0.25

Theta range for data collection, ° 3.8-68.5
Measured reflections 111977
Used in refinement 18078
Refined parameters 1487
R[F?>20(F?)] 0.0541
WR(F?) 0.1821
Ap, /Ap, . (e/A%) 1.898,-0.306

RESULTS AND DISCUSSION

Crystal structure

Compound (1) crystallizes in the centrosymmetric space group P—1, with three Co(II)
ions, nine Bhz molecules and three HSSal*> anions in the asymmetric unit (Fig. 1).
Benzohydrazide (Bhz) molecules are coordinated with the metal ion in a chelate mode
through O and N atoms. Each metal ion is surrounded by three Bhz molecules to
form [Co(Bhz),]*" cations. Cationic [Me(Bhz),]*" moiety was previously found in the
structure of corresponding NiCl,, Ni(NO,), and Ni(HSSal) coordination compounds
with benzohydrazide [9-11]. The hydrazide group of Bhz (with the exception of N31—
N32—C31—C32 part) is slightly turned relative to the bound with it phenyl ring and
corresponding torsion angle N — N—C — C is in the range of 168.4 + 177.3°. The
significant disordering of the majority of phenyl ring in [Co(Bhz),],(HSSal),-7.5H,0 (1)
most probably is caused by presence of small amount of voids (allowing the motion
of the phenyl rings), which in the case of undisordered [Ni(Bhz),],(HSSal),"7.5H,0-
0.5(C,H,OH) [11] structure are filled by ethanol molecules.

The presence of the deprotonated carboxyl group of sulfosalicylate anion in 1
contributes to the inclusion in the crystal structure of a significant amount of crystallization
water molecules, which are involved into the formation of hydrogen-boned framework
(Fig. 2, Table 3, Fig. 3).
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Table 2
Selected bond distances (4) and angles (°) in the structure 1
Bond Angle

Col—N11 2.157(3) O11—Co1—021 92.73(9)
Col—O11 2.071(2) O11—Co1—031 92.55(9)
Col—N21 2.129(3) O11—Col—N21 169.14(9)
Col—021 2.081(2) N21—Col—N31 99.4(1)

Co2—N41 2.130(2) 041—Co02—051 89.0(1)

Co2—041 2.067(2) 041—Co02—061 96.74(9)
Co2—N61 2.127(3) 041—Co2—N61 173.45(9)
Co2—061 2.084(2) N41—Co02—N51 100.5(1)
Co3—N71 2.124(2) 071—Co03—081 90.76(8)
Co3—071 2.093(2) 071—Co03—091 93.26(8)
Co3—N91 2.166(2) 081—Co03—N91 172.42(8)
Co3—0091 2.064(2) N81—Co03—N91 99.88(9)

Fig. 1. Crystallographically independent [Co(Bhz),]*" cations in crystal structure 1.
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Table 3
Hydrogen-bond geometry (A, °) for 1
D-H"A D-H H- A DA D-HA
oy HATOR 221 3.039 (4) 151
N11—HI11B-017 0.91 2.00 2.910 (3) 177
N12—H12--05 0.88 2.07 2.941 (4) 169
N21—H21A-014 0.91 1.87 2.755 (4) 163
N21—H21B--022% 091 2.25 2.999 (3) 139
N22—H22--03i 0.88 2.08 2.815(4) 140
N31—H31A 024" 0.91 2.11 2.952 (4) 153
N31—H31B 0351 0.91 2.16 3.064 (4) 175
N41—H41A---015 0.91 2.05 2.951 (3) 170
N41—H41B-04 0.91 2.60 3.169 (4) 121
N42—H42:-03 0.88 1.96 2.803 (4) 160
N51—HS51A--034i 091 1.96 2.816 (3) 156
N51—H51B---032! 091 1.93 2.842 (4) 175
N52—H52-07 0.88 2.25 3.037 (4) 149
N61—H61A--027 0.91 2.09 2.994 (3) 175
N61—H61B-S31¢ 0.91 2.87 3.591 (2) 138
N61—H61B-033! 0.91 2.02 2.914 (3) 166
N62—H62-06 0.88 2.04 2.816 (4) 146
N71—H71A---023" 091 2.06 2.908 (3) 155
N71—H71B:013f 0.91 2.01 2781 (3) 142
N8I—H81A-O13! 0.91 2.41 3.092 (4) 131
N81—HS8I1A 02 0.91 2.30 2.943 (4) 128
N81—H81B*026" 0.91 2.07 2.978 (3) 173
N82—H82-+07' 0.88 2.04 2.891 (3) 163
NI91—H91A---023" 091 2.51 2.997 (3) 114
N91—H91A 025" 091 2.25 3.025 (3) 142
N91—H91B-O37" 091 2.16 3.059 (3) 169
N92—H92:-01" 0.88 1.99 2.823 (3) 159
O17—H17---016 0.84 1.72 2.474 (4) 148
027—H27--026 0.84 1.79 2.518 (3) 144
037—H37A--036 0.84 1.80 2.485 (4) 138

Symmetry codes: (i) —x+1, —y+1, —z+1; (i) x+1, —p+1, —z; (iii) x, y-1, z; (V) x, y, z+1;
V) —x+1, =y, —z+1; (vi) —x+1, —y+1, —z+2; (vii) —x+1, =y, —z+2.
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Fig. 3. A view along the a axis of the crystal packing of the title compound.

Analysis of the IR spectra of benzohydrazide and coordination compound
(Table 4)shows that the IR spectra are in good agreement with the crystallographic data.
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Table 4

Wavenumbers (frequencies, cm™) of absorption band maxima in the IR spectra
of benzohydrazide and [Co(Bhz),],(HSSal),7.5H,0

Assignment Bzh [Co(Bhz),] ,(HSSal),*7.5H,0
V(NH), v(NH,) 3300, 3200, 5949, 3021, 3333, 3256, 3066
W(C=0) 1662 1636
5(NH,) 1616 1609
v_(CO0") 1571
W(C-C) 1480
v(COO") 1437
o(NH,) 1350, 1299 1344, 1332
v_(SO,) 1295, 1238, 1222, 1204
"T((%T‘I?;jgyc’gg 1185, 1155, 1121 1163, 1153, 1124
v(SO,) 1078, 1031
Vingpus * PINHL) + 920, 885, 803 894, 838, 803
)
p(CCH) + 8(CCH) 752 785
v(S-0) 671
3(CCN) + 5(NCO) 517 552
W(Co—N) 440

The band appearing at 1616 cm™ corresponding to the bending vibrations 3(NH,) of
benzohydrazide decreases upon complex formation to 1609 cm™. In the IR spectrum of
benzohydrazide, the band with a maximum at 1662 cm™' corresponds to the stretching
vibrations of the C=0 group (amide I). This band shifts to the low frequency region by
26 cm! as compared to the frequency of uncoordinated benzohydrazide that confirms
the participation of the oxygen atom in the cobalt coordination. Peak at 440 cm™! in the
complex spectrum was attributed to the Co — N stretching vibrations.

Thus, the nature of changes of absorption bands in the IR spectra of coordination
compound to bidentate chelating coordination of the benzohydrazide ligand through the
oxygen and terminal nitrogen atoms with formation of five-membered chelate ring.

Comparative analysis of the positions and shapes of absorption bands of
S-sulfosalicylate anion in the IR spectrum of synthesized coordination compound shows
that there is no band of the stretching vibrations of free C=0 group, while it shows
typical carboxylate stretching bands v (COO") at 1571 cm™ and v (COO") at 1437 cm'!,
therefore carboxyl group of H,Ssal was deprotonated. In the spectrum of the complex
compound the absorption bands of v (COO") and v(COO") are overlapped with the
bands of stretching vibrations of the C—C bonds of the aromatic rings of benzohydrazide

11
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and anion respectively that results in an appreciable increase in their intensity. The peaks
of the stretching vibrations of O-H (H,Ssal’) of a free carboxylic acid group are absent in
complex spectrum, also indicating that both protons are deprotonated. Therefore, complex
contains the HSsal* anions, i.e., the SO,H and COOH groups are both deprotonated.
The value of Av(COO") = v (COO") — v (COO) equal to 134 cm™ indicates that the
carboxylate group remains free in complexes [12]. Therefore, HSsal* anions are outer
sphere in cobalt complex.

The diffuse reflectance data for the complex (nm): 465 (*T, ) - T, (P)), 1542
(‘T (F) — *T, [(P)) for cobalt(Il) coordination compound are cons1stent with its
octaghedral structure [13].

Thus, the composition and structure of the coordination compound of cobalt(Il)
S-sulfosalicylate with benzohydrazide are similar to those for the analogous nickel(II)
compound [11].
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CHUHTE3 TA BYJIOBA KOOPIUHAILUIMHOI
CIIOJYKH 5-CYJIb®OCAJIINUIATY KOBAJIBTY(I)
3 BEH3TIJIPAZHUJIOM

Peakuicro Bomnoro posunny Co(NO,),6H,0 3 rigpokcunom Harpiro 100yBalM IiIPOKCH
kobanery(Il), m0 HBOrO nomaBanmu S-cymbdocaminmioBy KucaoTy. CyMill peTenbHO
MepeMilllyBald, MOAAIOYM KpAaIUIMHAMH BOAY [0 TIOBHOTO PO3YMHEHHS BiIMOBIIHOTO
S-cynpdocaminunary ko0anery. Jlo OTpUMaHOTO PO3UMHY AOJABAIN PO3YHH OCH3O0T1APa3HIy
1 OTpUMaHy CyMIlll 3aJUIIaNU JUId ocapkeHHsA. Oca, 1o YTBOPHBCS, BiA(iIBTpOBYBaH,
KiJlbKa pa3iB MPOMUBAIIM BOJIOIO i BUCYITyBasu B ekcukaropi monaj CaCl,. ITicis po3unnenns
cunTe30Banoi cnoyku cknany [Co(Bhz),],(HSSal),7.5H,0 npu kU’ aTinni B cymimi Boja/
eta”oin/H-iporanon (1:1:1) uepBoHi KpUCTaIH, IPUAATHI U1 BU3HAYCHHS MOHOKPHCTAIIYHOT
PEHTTEHIBCHKOI CTPYKTYPH, BUPOLIYBAJIU MPOTATOM 3 THIB HUISXOM MOBUIBHOTO BUIIAPOBY-
BaHHS PO3YMHHMKIB IPU KIMHATHIN TeMIeparypi.

Crnonyxa [Co(Bhz),],(HSSal),"7.5H,0 kpucTanisyeTbcs B HIEHTPOCUMETPHYHIN IPOCTOPOBIH
rpymi P1, 3 tppoma ionamu Co(Il), ne’sitbma mosnekysamu Bhz i Tppoma anionamu HSSal*
B aCUMETpHYHIN onuHUIL. Mosekynau Oen3origpaszuay (Bhz) koopauHyrOTECS 3 i0HOM MeTaIry
3 yTBOpeHHsM xenary uepes aromu O 1 N. KoxkeH 10H MeTamy OTOUCHHH TPhOMa MOJICKYIaMHI
Bhz, yreoproroun karionu [Co(Bhz),]*".

HasBHicTP  1enpoTOHOBAaHOI  KapOOKCHJIBHOI  TIpymu  cyibdocaminuiar-aHioHy B
[Co(Bhz),],(HSSal),"7.5H,0 cnpusc BKIIOYEHHIO JO KPHCTaTivHOI CTPYKTYpy 3HaYHOL
KUTBKOCTI MOJIEKY KPUCTAaJi3amiiHOi BOAM, SIKi OEpyTh y4acTh B YTBOPEHHI KapKacy 3 BO-
JIHEBUX 3B S3KIB.

XapakTtep 3MiHH CMYT TOIIMHAHHS OeH3rigpasuay B [Y-crmekrpax Bimnosimae OineHTaTHIN
XeJaTHI KoOpAMHAMii OCH3TiAPa3HIHOTO JIiraHIy Yepe3 KUCEHb 1 TepMiHaJIbHI aTOMH a30Ty
3 YTBOPEHHSM IT'ITHYWICHHOTO XEeJIaTHOTO [UKITY, @ MOPIBHAIBHUI aHai3 TTOJI0KeHHs Ta (hop-
MH CMYT HOTIMHAHHSA 5-Cyb(ocainuiar-aniony mokasye, mo oouasi rpymu SO,H i COOH
nernporoHoBaHi i anionn HSsal* e 30BHIIIHBOCHEpHUMH.

Jani criektpy audy3HOTO BiIOUTTS A1l KOMILIEKCY JJ1sl KOOpAWHALIKHOT crioiayku kobansty(11)
J00Ope MOTOMKYIOTHCS 3 11 OKTaCAPHYHOIO CTPYKTYPOIO.

Keywords: benzorinpasun, S-cynsocaninuiar, KpucTalidaa cTpykTypa, [UY-cnexrpu

REFERENCES

Antsyshkina A. S., Koksharova T. V., Sadikov G. G., Sergienko V.S., Mandzii T. V. Malonatobenzhydrazidedi
aquacobalt(Il) hydrate: Synthesis, crystal and molecular structures. Rus. J. Inorg. Chem., 2016. vol. 61, no 4,
pp. 434-441. https://doi.org/10.1134/S0036023616040045.

Koksharova T.V., Mandzii T. V., Stoyanova L. V., Polishchuk A.A. Coordination Compounds of Cobalt(Il),
Nickel(Il), and Zinc(ll) Valerates and Benzoates with Benzohydrazide. Rus. J. Gen. Chem., 2016, vol. 86, no
10, pp. 2361-2366. https://doi.org/10.1134/S1070363216100194

Koksharova T.V., Mandzii T.V., Stoyanova 1. V. Coordination Compounds of Cobalt(ll), Nickel(ll), and
Zinc(Il) Malonates and Phthalates with Benzohydrazide. Rus. J. Gen. Chem., 2018, vol. 88, no 3, pp. 500-504.
https://doi.org/10.1134/S1070363218030167.

Sergienko V.S., Koksharova T.V., Surazhskaya M.D., Mandzii T.V., Churakov A.V. Synthesis, Crystal
Structure, and Molecular Structure of Maleate Tris(Benzohydrazide) Cobalt(ll) Tetrahydrate [Co(L'),]
(Mal)-4H,0 and Maleate Tris(Phenylacethydrazide) Nikel(I) Monohydrate [Ni(L?),](Mal)-H,0. Rus. J. Inorg.
Chem., 2019, vol. 64, no 11, pp. 1396-1404. https://doi.org/10.1134/s0036023619110172

13



T. V. Koksharova,, Y.I. Slyvka, O.A. Savchenko, T. V. Mandzii

10.

11

12.

13.

14

Antsyshkina A.S., Koksharova T.V, Sergienko V.S., Mandzii T.V., Sadikov G.G. Synthesis, crystal and
molecular structure of [Co(L),](OH)CIl-H Ssal'H,O, where L is benzhydrazide and H Ssal is 5-sulfosalycilic
acid. Rus. J. Inorg. Chem., 2014, vol. 59, no 12, pp. 1417-1423. https://doi.org/10.1134/
S0036023614120031.

Rigaku, CrysAlisPro Sofiware System, Version 1.171.39.27b. Rigaku Oxford Diffraction, http:/www.rigaku.
com., 2015.

Sheldrick G. M. Crystal structure refinement with SHELXL. Acta Crystallogr. Sect. C Struct. Chem.,2015,vol. 71,
pp. 3-8. https://doi.org/10.1107/S2053229614024218.

Dolomanov O.V., Bourhis L.J., Gildea R.J., Howard J.A.K., Puschmann H. OLEX2: a complete structure
solution, refinement and analysis program. J. Appl. Crystallogr., 2009, vol. 42, pp. 339-341. https://doi.
org/10.1107/S0021889808042726.

Odunola O.A., Adeoye 1.0., Woods J.A.O., Gelebe A.C. Synthesis and Characterization of Nickel(ll)
Complexes of Benzoic Acid and Methyl Substituted Benzoic Acid Hydrazides and X-Ray Structure of
NifC,H,CONHNH,],CL,-:3CH,OH. Synth. React. Inorg. Met. Chem., 2003, vol. 33, no 2, pp. 205-221.
https://doi.org/10.1081/SIM-120017781.

Patel R.N., Singh A., Shukla K.K., Patel D.K., Sondhiya V.P. Synthesis, characterization and biological
activity studies of octahedral nickel(Il) complexes. Transit. Met. Chem., 2011, vol. 36, no 2, pp. 179-187.
https://doi.org/10.1007/s11243-010-9451—1.

Koksharova T., Slyvka Yu., Savchenko O., Mandzii T., Smola S. 5-Sulfosalicylato Cu(Il), Zn(1l) and Ni(Il)
coordination compounds with benzohydrazide: Synthesis, structure and luminescent properties. J. Mol.
Struct.— 2023, vol. 1271, pp. 133980. https://doi.org/10.1016/j.molstruc.2022.133980

Nakamoto K. Infrared Spectra of Inorganic and Coordination Compounds. New York. John Wiley & Sons,
2009, 432 p. https://doi.org/10.1002/9780470405840.

Lever A.B.P. Inorganic Electronic Spectroscopy. Amsterdam, Oxford, New York, Tokyo. Elsevier Sci. Publ.
B.V., 1984, 863 p.



