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Abstract

Two new oxidovanadium(V) complexes, [VOL1(aha)]DMF (1) and [VOL2(mat)] (2), where L1 and L2 are the dianionic form of N'-(4-bromo-2-hydroxybenzylidene)-3-methyl-4-nitrobenzohydrazide and N'-(3,5-dibromo-2-hydroxybenzylidene)pivalohydrazide, respectively, and aha and mat are the monoanionic form of acetohydroxamic acid and maltol, respectively, have been synthesized and structurally characterized by physico-chemical methods and single crystal X-ray determination. X-ray analysis indicates that the V atoms in the complexes are in octahedral coordination. Crystal structures of the complexes are stabilized by hydrogen bonds. The catalytic property for epoxidation of styrene by the complexes was evaluated. 
Keywords: Vanadium complex, hydrazone ligand, crystal structure, catalytic property
1. Introduction
Hydrazones bearing typical -CH=N-NH-C(O)- group are a kind of Schiff base compounds, which represent one of the most attractive series of ligands in coordination chemistry.1 The hydrazone ligands can adopt both ketone and enol forms during the coordination with various transition and rare earth metal atoms, to form complexes with versatile structures and properties like antibacterial, enzyme inhibition, magnetism, catalytic and photoluminescence.2 In the last few years, a number of complexes with hydrazone ligands have been reported to have fascinating catalytic properties, such as oxidation of sulfides, polymerization and asymmetric epoxidation.3 Among the hydrazone complexes, those with V centers are of particular interest for their catalytic applications.4 In pursuit of new vanadium complexes with hydrazone ligands, we report herein two new oxidovanadium(V) complexes, [VOL1(aha)]DMF (1) and [VOL2(mat)] (2), where L1 and L2 are the dianionic form of N'-(4-bromo-2-hydroxybenzylidene)-3-methyl-4-nitrobenzohydrazide (H2L1) and N'-(3,5-dibromo-2-hydroxybenzylidene)pivalohydrazide (H2L2), respectively, and aha and mat are the monoanionic form of acetohydroxamic acid (Haha) and maltol (Hmat), respectively (Scheme 1). 
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Scheme 1. The ligands. 

2. Experimental
2.1. Materials
VO(acac)2, 4-bromosalicylaldehyde, 3,5-dibromosalicylaldehyde, acetohydroxamic acid, and maltol were purchased from Aldrich. All other reagents with AR grade were used as received without further purification. 
2.2. Physical measurements
Infrared spectra (4000–400 cm–1) were recorded as KBr discs with a FTS-40 BioRad FT-IR spectrophotometer. The electronic spectra were recorded on a Lambda 35 spectrometer. Microanalyses (C,H,N) of the complex were carried out on a Carlo-Erba 1106 elemental analyzer. Solution electrical conductivity was measured at 298K using a DDS-11 conductivity meter. GC analyses were performed on a Shimadzu GC-2010 gas chromatograph.
2.3. X-ray crystallography
Crystallographic data of the complexes were collected on a Bruker SMART CCD area diffractometer with graphite monochromated Mo-Kα radiation (λ = 0.71073 Å) at 298(2) K. Absorption corrections were applied by using the multi-scan program.5 The structures of the complexes were solved by direct methods and successive Fourier difference syntheses, and anisotropic thermal parameters for all nonhydrogen atoms were refined by full-matrix least-squares procedure against F2.6 All non-hydrogen atoms were refined anisotropically. The amino H atom of complex 1 was located from a difference Fourier map and refined isotropically, with N‒H distance restrained to 0.90(1) Å. The remaining hydrogen atoms were located at calculated positions, and refined isotropically with Uiso(H) values constrained to 1.2 Uiso(C) and 1.5 Uiso(O and methyl C). The C20 and O8 atoms in complex 1, and the C10 atom in complex 2 are refined as isotropic behavior due to their disorder manner. The crystallographic data and experimental details for the structural analysis are summarized in Table 1, and the selected bond lengths and angles are listed in Table 2. 
Table 1. Crystallographic data for the single crystal of the complexes

	
	1
	2

	Empirical formula
	C20H21BrN5O8V
	C18H17Br4N2O6V

	Formula weight
	590.27
	568.10

	Temperature (K)
	298(2)
	298(2)

	Crystal system
	Monoclinic
	Orthorhombic

	Space group
	P21/n
	Pca21

	a (Å)
	8.6210(10)
	14.612(2)

	b (Å)
	26.9525(13)
	15.678(2)

	c (Å)
	10.5418(12)
	9.464(2)

	α (º)
	90
	90

	β (º)
	98.528(1)
	90

	γ (º)
	90
	90

	V (Å3)
	2422.4(4)
	2168.1(6)

	Z
	4
	4

	F(000)
	1192
	1120

	Collected data
	14312
	19236

	Unique data
	4514
	3834

	Observed data [I > 2σ(I)]
	2931
	2730

	Restraints
	13
	7

	Parameters
	323
	267

	Goodness-of-fit on F2
	1.023
	1.031

	R indices [I > 2σ(I)]
	R1 = 0.0523, wR2 = 0.1205
	R1 = 0.0500, wR2 = 0.0784

	R indices (all data)
	R1 = 0.0907, wR2 = 0.1395
	R1 = 0.0917, wR2 = 0.0888


Table 2. Selected bond distances (Å) and bond angles (º) for the complexes

	
	1
	2

	V1‒O1
	1.856(4)
	1.843(5)

	V1‒O2
	1.943(3)
	1.901(5)

	V1‒O3
	1.579(4)
	1.574(5)

	V1‒O4
	2.207(4)
	2.309(5)

	V1‒O5
	1.849(3)
	1.856(5)

	V1‒N1
	2.089(4)
	2.098(5)

	O3‒V1‒O5
	96.46(18)
	101.3(2)

	O3‒V1‒O1
	100.1(2)
	98.1(2)

	O5‒V1‒O1
	98.26(15)
	100.7(2)

	O3‒V1‒O2
	97.58(18)
	99.5(2)

	O5‒V1‒O2
	98.16(15)
	95.0(2)

	O1‒V1‒O2
	154.24(16)
	153.6(2)

	O3‒V1‒N1
	98.37(18)
	99.6(2)

	O5‒V1‒N1
	164.43(16)
	158.0(2)

	O1‒V1‒N1
	83.79(15)
	83.1(2)

	O2‒V1‒N1
	75.22(15)
	74.6(2)

	O3‒V1‒O4
	172.90(17)
	177.3(2)

	O5‒V1‒O4
	76.56(15)
	76.83(19)

	O1‒V1‒O4
	82.35(16)
	84.24(19)

	O2‒V1‒O4
	82.34(14)
	78.74(19)

	N1‒V1‒O4
	88.48(14)
	82.03(19)


2.4. Synthesis of H2L1
A methanol solution (20 ml) of 3-methyl-4-nitrobenzohydrazide (1.9 g, 0.010 mol) was added to a methanol solution (20 ml) of 4-bromosalicylaldehyde (2.0 g, 0.010 mol). The mixture was refluxed for 1 h, and three quarter of the solvent was evaporated to give yellow precipitate, which was filtered off and washed several times with methanol. The yield is 92%. Analysis calculated for C15H12BrN3O4: C, 47.64; H, 3.20; N, 11.11%; found: C, 47.47; H, 3.31; N, 11.25%. 1H NMR (d6-DMSO, 500MHz): δ 2.62 (s, 3H, CH3), 7.07 (d, 1H, ArH), 7.51 (s, 1H, ArH), 7.58 (d, 1H, ArH), 7.86 (d, 1H, ArH), 8.03 (s, 1H, ArH), 8.41 (d, 1H, ArH), 8.69 (s, 1H, CH=N), 10.76 (s, 1H, NH), 11.38 (s, 1H, OH). IR data (KBr, cm-1): 3446 (br, w, νOH), 3222 (sh, w, νNH), 1657 (vs, ν-C(O)-NH-), 1602 (vs, νC=N), 1520 (s, νas NO2 ), 1338 (s, νs NO2 ). UV-Vis data (λmax, nm): 285, 345, 420. 
2.5. Synthesis of H2L2
A methanol solution (20 ml) of pivalohydrazide (1.1 g, 0.010 mol) was added to a methanol solution (20 ml) of 3,5-dibromosalicylaldehyde (2.8 g, 0.010 mol). The mixture was refluxed for 1 h, and three quarter of the solvent was evaporated to give colorless precipitate, which was filtered off and washed several times with methanol. The yield is 88%. Analysis calculated for C12H14Br2N2O2: C, 38.12; H, 3.73; N, 7.41%; found: C, 38.31; H, 3.62; N, 7.32%. 1H NMR (d6-DMSO, 500MHz): δ 1.26 (s, 9H, C(CH3)3), 7.72 (s, 1H, ArH), 7.83 (s, 1H, ArH), 8.71 (s, 1H, CH=N), 11.22 (s, 1H, NH), 11.75 (s, 1H, OH). IR data (KBr, cm-1): 3438 (br, w, νOH), 3121 (sh, w, νNH), 1653 (vs, ν-C(O)-NH-), 1605 (vs, νC=N). UV-Vis data (λmax, nm): 295, 305, 332, 400.
2.6. Synthesis of [VOL1(aha)]DMF (1)
H2L1 (1.0 mmol, 0.38 g) and [VO(acac)2] (1.0 mmol, 0.26 g) were mixed and stirred in methanol (50 mL) for 30 min at 25 ºC. Then, acetohydroxamic acid (1.0 mmol, 0.075 g) was added and the mixture was stirred for another 30 min. The brown solution was evaporated to remove three quarters of the solvents under reduced pressure, yielding deep brown solid of the complex. Yield: 65%. Well-shaped single crystals suitable for X-ray diffraction were obtained by re-crystallization of the solid from methanol. Analysis calculated for C20H21BrN5O8V: C, 40.70; H, 3.59; N, 11.86%; found: C, 40.54; H, 3.70; N, 11.95%. IR data (KBr, cm-1): 3129 (sh, w, νNH), 1661 (vs, ν-C(O)-NH-), 1594 (vs, νC=N), 1522 (s, νas NO2 ), 1340 (s, νs NO2 ), 973 (m, V=O). UV-Vis data (λmax, nm): 260, 328, 410, 545. 
2.5. Synthesis of [VOL2(mat)] (2)
H2L2 (1.0 mmol, 0.38 g) and [VO(acac)2] (1.0 mmol, 0.26 g) were mixed and stirred in methanol (50 mL) for 30 min at 25 ºC. Then, maltol (1.0 mmol, 0.13 g) was added and the mixture was stirred for another 30 min. The brown solution was evaporated to remove three quarters of the solvents under reduced pressure, yielding deep brown solid of the complex. Yield: 73%. Well-shaped single crystals suitable for X-ray diffraction were obtained by re-crystallization of the solid from methanol. Analysis calculated for C18H17Br2N2O6V: C, 38.06; H, 3.02; N, 4.93%; found: C, 38.23; H, 2.95; N, 4.81%. IR data (KBr, cm-1): 1611 (vs, νC=N), 978 (m, V=O). UV-Vis data (λmax, nm): 270, 340, 460. 
2.6. Styrene epoxidation
The epoxidation reaction was carried out at room temperature in acetonitrile under N2 atmosphere with constant stirring. The composition of the reaction mixture was 2.00 mmol of styrene, 2.00 mmol of chlorobenzene (internal standard), 0.10 mmol of the complexes (catalyst) and 2.00 mmol iodosylbenzene or sodium hypochlorite (oxidant) in 5.00 mL freshly distilled acetonitrile. When the oxidant was sodium hypochlorite, the solution was buffered to pH 11.2 with NaH2PO4 and NaOH. The composition of reaction medium was determined by GC with styrene and styrene epoxide quantified by the internal standard method (chlorobenzene). All other products detected by GC were mentioned as others. For each complex the reaction time for maximum epoxide yield was determined by withdrawing periodically 0.1 mL aliquots from the reaction mixture and this time was used to monitor the efficiency of the catalyst on performing at least two independent experiments. Blank experiments with each oxidant and using the same experimental conditions except catalyst were also performed. 
3. Results and discussion
3.1. Chemistry

The hydrazones H2L1 and H2L2 were synthesized by reaction of 3-methyl-4-nitrobenzohydrazide with 4-bromosalicylaldehyde, and pivalohydrazide with 3,5-dibromosalicylaldehyde, respectively, in methanol. The complexes 1 and 2 were prepared by the reaction of the hydrazone ligands with VO(acac)2 in the presence of acetohydroxamic acid and maltol (Scheme 2). The reaction progresses are accompanied by an immediate color change of the solution from colorless to deep brown. The molar conductivities (ΛM = 35 Ω–1 cm2 mol–1 for 1 and 30 Ω–1 cm2 mol–1 for 2) are consistent with the values expected for non-electrolyte.7 
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Scheme 2. The synthesis of the complexes. 
3.2. Crystal structure description of the complexes
Single crystal X-ray analysis indicates that the complexes are mononuclear oxidovanadium(V) compounds. The ORTEP plots of the complexes 1 and 2 are shown in Figs. 1 and 2, respectively. The V atoms in the complexes are in octahedral geometry. In complex 1, the V atom is coordinated by the O2N donor atoms of the hydrazone ligand L1 and the hydroxyl O atom of the acetylhydroxamate ligand in the equatorial plane, and by the carbonyl O atom of the acetylhydroxamate ligand and the oxido O atom at the two axial positions. In complex 2, the V atom is coordinated by the O2N donor atoms of the hydrazone ligand L2 and the hydroxyl O atom of the maltolate ligand in the equatorial plane, and by the carbonyl O atom of the maltolate ligand and the oxido O atom at the two axial positions. The V atoms displaced toward the axial oxido O atoms (O3) by 0.269(1) Å for 1, and 0.322(1) Å for 2, from the equatorial planes of both complexes. The distortion of the octahedral coordination of the complexes can be observed from the bond angles (Table 2) related to the V atoms. The cis- and trans- angles related to the V atoms at the equatorial planes are in the ranges of 75.22(15)–100.1(2)º and 154.24(16)–172.90(17)º for 1 and 74.6(2)–101.3(2)º and 153.6(2)–177.3(2)º for 2. The deviations from the ideal octahedral geometry are mainly origin from the strain created by the five-membered chelate rings V1-N1-N2-C8-O2 and V1-O4-C17-N4-O5 for 1 or V1-O4-C13-C14-O5 for 2. The bond lengths of V–O and V–N (Table 2) of both complexes are similar to each other, and comparable to those in other V complexes in literature.4,8 The terminal V1-O3 [1.57-1.58 Å] bond distances of both complexes agree well with the corresponding values reported for related systems.8 Because of the trans influence of the oxido groups, the distances to the O4 atoms (2.20-2.31 Å) are considerably elongated, making the O4 atoms weakly coordinated to the V atoms. Such elongation has previously been observed in other complexes with similar structures. The hydrazone ligands coordinate to the V atoms through dianionic form, which can be observed from the bond lengths of C8-O2 and C8-N2. The bonds C8-O2 are obviously longer than typical double bonds, while the bonds C8-N2 are obviously shorter than typical single bonds. This phenomenon is not uncommon for hydrazone complexes.4,8 

The crystal structure of complex 1 is stabilized by N‒H···N and C‒H···O hydrogen bonds (Table 3), to generate chains along the a axis (Fig. 3). The crystal structure of complex 2 is stabilized by N‒H···O and C‒H···O hydrogen bonds (Table 3), to generate chains along the c axis (Fig. 4). 

Table 3. Hydrogen bond distances (Å) and bond angles (°) for the complexes 

	D–H∙∙∙A
	d(D–H)
	d(H∙∙∙A)
	d(D∙∙∙A)
	Angle (D–H∙∙∙A)

	1
	
	
	
	

	N3–H3A∙∙∙N4#1
	0.90
	1.92
	2.813(2)
	171(5)

	C8–H8∙∙∙O4#2
	0.93
	2.55
	3.053(3)
	114(5)

	2
	
	
	
	

	N3–H3A∙∙∙O2#3
	0.90
	1.95
	2.837(4)
	170(5)

	C1–H1A∙∙∙O1#4
	0.96
	2.58
	3.492(5)
	159(6)

	C12–H12∙∙∙O3#5
	0.93
	2.57
	3.253(5)
	131(6)


Symmetry codes: #1: 2 – x, – y, 1 – z; #2: –1 + x, y, z; #3: 2 – x, – y, 1 – z; #4: 2 – x, – y, – z; #5: 2 – x, 1 – y, 1 – z. 
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Fig. 1. ORTEP diagram of complex 1 with 30% thermal ellipsoid. 
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Fig. 2. ORTEP diagram of complex 2 with 30% thermal ellipsoid. 
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Fig. 3. Molecular packing structure of complex 1 linked by hydrogen bonds (dashed lines). 
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Fig. 4. Molecular packing structure of complex 1 linked by hydrogen bonds (dashed lines). 

3.4. IR and UV-vis spectra of the compounds
The weak and broad absorptions in the region 3400–3500 cm–1 of the free hydrazones are attributed to the O‒H bonds of the phenol groups. The weak absorptions at 3120–3230 cm–1 for the free hydrazones and complex 1 are assigned to the stretching vibrations of the N–H groups. The intense bands at 1657 cm–1 for H2L1, 1653 cm–1 for H2L2, and 1661 cm–1 for complex 1 are assigned to the vibrations of the C=O groups.9 The typical bands for the azomethine groups, ν(C=N), are observed at 1590–1611 cm–1 for the compounds.10 The characteristic of the spectra of both complexes is the exhibition of sharp bands at about 973 cm-1 for 1 and 978 cm-1 for 2, corresponding to the V=O stretching vibration.11 The appearance of a single band in this region indicates the existence of monomeric six-coordinated V=O units instead of the polymeric units.12 This is approved by the single crystal structure determination. The weak bands in the range of 400–650 cm–1 are assigned to the vibrations of the V–O and V–N bonds. 
In the UV-Vis spectra of the compounds, the bands at 320-350 nm are attributed to the azomethine chromophore π-π* transitions. The bands at higher energy (260-300 nm) are associated with the benzene π-π* transitions.13 The weak bands at 545 nm for 1 and 460 nm for 2 are attributed to intramolecular charge transfer transitions from the pπ orbital on the nitrogen and oxygen to the empty d orbitals of the V atoms.14 
3.5. Catalytic properties of the complexes

The percentage of conversion of styrene, selectivity for styrene oxide, yield of styrene oxide and reaction time to obtain maximum yield using both the oxidants are given in Table 4. The data reveals that the complexes as catalysts convert styrene most efficiently in the presence of both oxidants. Nevertheless, the catalysts are selective towards the formation of styrene epoxides despite of the formation of by-products which have been identified by GC-MS as benzaldehyde, phenylacetaldehyde, styrene epoxides derivative, alcohols etc. From the data it is also clear that the complexes exhibit excellent efficiency for styrene epoxide yield. When the reactions are carried out with PhIO and NaOCl, styrene conversions of complexes 1 and 2 were about 85% and 81%, and 78% and 75%, respectively. It is evident that between PhIO and NaOCl, the former acts as a better oxidant with respect to both styrene conversion and styrene epoxide selectivity. The epoxide yields for the complexes 1 and 2 using PhIO and NaOCl as oxidants are 76% and 86%, and 74% and 81%, respectively. 
Table 4. Catalytic epoxidation results of complexes 1 and 2*
	
	1
	1
	2
	2

	Oxidant
	PhIO
	NaOCl
	PhIO
	NaOCl

	Conversion (%)
	85
	78
	81
	75

	Epoxide yield (%)
	76
	74
	86
	81

	Selectivity (%)
	93
	90
	95
	87


* The time is 2 h for PhIO, and 3 h for NaOCl. 
4. Conclusion
Two new mononuclear oxidovanadium(V) complexes derived from hydrazone ligands have been synthesized and characterized. Single crystal X-ray analysis indicates that the V atoms in both complexes are in distorted octahedral coordination. The complexes have effective catalytic property for the epoxidation of styrene, with conversions over 75% and selectivities over 87%. 

5. Supplementary Material

CCDC 2123401 for 1 and 2123402 for 2 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. 

6. Acknowledgments
This work was financially supported by the Scientific Research Foundation of Chengdu Technological University (Grant No. 2021RC004). 
7. References
1. (a) S. Kanchanadevi, F.R. Fronczek, V. Mahalingam, Inorg. Chim. Acta 2021, 526, 120532; (b) P.H.D.O. Santiago, E.D. Duarte, E.C.M. Nascimento, J.B.L. Martins, M.S. Castro, C.C. Gatto, Appl. Organomet. Chem. 2021, e6461; (c) A.M. Abu-Dief, R.M. El-khatib, S.M. El Sayed, S. Alzahrani, F. Alkhatib, G. El-Sarrag, M. Ismael, J. Mol. Struct. 2021, 1244, 131017; (d) A.V. Astashkin, R.D. Utterback, Y.S. Sung, E. Tomat, Inorg. Chem. 2020, 59, 11377-11384. 
2. (a) T. Keskic, Z. Jaglicic, A. Pevec, B. Cobeljic, D. Radanovic, M. Gruden, I. Turel, K. Andelkovic, I. Brceski, M. Zlatar, Polyhedron 2020, 191, 114802; (b) N. Biswas, S. Saha, B.K. Biswas, M. Chowdhury, A. Rahaman, V. Junghare, S. Mohapatra, S. Hazra, E. Zangrando, R.R. Choudhury, J. Coord. Chem. 2021, 74, 1482-1504; (c) L.M. Balsa, V. Ferraresi-Curotto, M.J. Lavecchia, G.A. Echeverria, O.E. Piro, J. Garcia-Tojal, R. Pis-Diez, A.C. Gonzalez-Baro, I.E. Leon, Dalton Trans. 2021, 50, 9812-9826; (d) K.S. Neethu, S. Sivaselvam, M. Theetharappan, J. Ranjitha, N.S.P. Bhuvanesh, N. Ponpandian, M.A. Neelakantan, M.V. Kaveri, Inorg. Chim. Acta 2021, 524, 120419; (e) S. Kanchanadevi, F.R. Fronczek, C.I. David, R. Nandhakumar, V. Mahalingam, Inorg. Chim. Acta 2021, 526, 120536. 
3. (a) H. Kargar, M. Fallah-Mehrjardi, R. Behjatmanesh-Ardakani, K.S. Munawar, M. Ashfaq, M.N. Tahir, Polyhedron 2021, 208, 115428; (b) H. Kargar, M. Fallah-Mehrjardi, R. Behjatmanesh-Ardakani, K.S. Munawar, J. Mol. Struct. 2021, 1245, 131259; (c) Y. Tan, Y. Lei, Acta Chim. Slov. 2021, 68, 44-50; (c) T.T. Adejumo, N.V. Tzouras, L.P. Zorba, D. Radanovic, A. Pevec, S. Grubisic, D. Mitic, K.K. Andelkovic, G.C. Vougioukalakis, B. Cobeljic, I. Turel, Molecules 2020, 25, 4043; (d) R. Bikas, M.S. Krawczyk, T. Lis, ChemistrySelect 2020, 5, 6759-6764; (e) Y. Tan, Acta Chim. Slov. 2020, 67, 1233-1238. 
4. (a) A. Kumar, S.D. Kurbah, I. Syiemlieh, S.A. Dhanpat, R. Borthakur, R.A. Lal, Inorg. Chim. Acta 2021, 515, 120068; (b) Y.M. Cui, Y.Q. Wang, X.X. Su, H. Huan, P. Zhang, J. Mol. Struct. 2019, 60, 1299-1305; (c) Y.-J. Cai, Y.-Y. Wu, F. Pan, Q.-A. Peng, Y.-M. Cui, Acta Chim. Slov. 2020, 67, 896-903; (d) L.-W. Xue, Y.-J. Han, X.-Q. Luo, Inorg. Nano-Met. Chem. 2020, 50, 654-660. 
5. G..M. Sheldrick. SAINT (version 6.02), SADABS (version 2.03), Madison (WI, USA): Bruker AXS Inc, 2002. 

6. G.M. Sheldrick. SHELXL-97, A Program for Crystal Structure Solution, Göttingen (Germany): University of Göttingen, 1997. 

7. W.J. Geary, Coord. Chem. Rev. 1971, 7, 81-122. 

8. (a) J. Szklarzewicz, A. Jurowska, D. Matoga, K. Kruczala, G. Kazek, B. Mordyl, J. Sapa, M. Papiez, Polyhedron 2020, 185, 114589; (b) Z.-Q. Sun, S.-F. Yu, X.-L. Xu, X.-Y. Qiu, S.-J. Liu, Acta Chim. Slov. 2020, 67, 1281-1289; (c) L.-Y. He, X.-Y. Qiu, J.-Y. Cheng, S.-J. Liu, S.-M. Wu, Polyhedron 2018, 156, 105-110; (d) S.D. Kurbah, M. Asthana, I. Syiemlieh, A.A. Lywait, M. Longchar, R.A. Lal, J. Organomet. Chem. 2018, 876, 10-16. 
9. M..-L. Liu, J.-M. Dou, J.-Z. Cui, D.-C. Li, D.-Q. Wang, J. Mol. Struct. 2012, 1011, 140-144. 

10. N. Mathew, M. Sithambaresan, M.R. Prathapachandra Kurup, Spectrochim. Acta A 2011, 79, 1154-1161. 

11. (a) M.R. Prathapachandra Kurup, E.B. Seena, M. Kuriakose, Struct. Chem. 2010, 21, 599-605; (b) B. Mondal, M.G.B. Drew, T. Ghosh, Inorg. Chim. Acta 2009, 362, 3303-3308. 

12. (a) R. Ando, S. Mori, M. Hayashi, T. Yagyu, M. Maeda, Inorg. Chim. Acta 2004, 357, 1177-1184; (b) C. J. Chang, J. A. Labinger, H. B. Gray, Inorg. Chem. 1997, 36, 5927-5930; (c) R. Ando, H. Ono, T. Yagyu, M. Maeda, Inorg. Chim. Acta 2004, 357, 2237-2244.

13. S. Mondal, M. Mukherjee, K. Dhara, S. Ghosh, J. Ratha, P. Banerjee, A. K. Mukherjee, Cryst. Growth Des. 2007, 7, 1716-1721.

14. (a) H. H. Monfared, S. Alavi, R. Bikas, M. Vahedpour, P. Mayer, Polyhedron 2010, 29, 3355-3362; (b) L. Y. Xu, Y. M. Li, M. M. Duan, Y. X. Li, M. X. Han, J. H. Wu, Y. H. Wang, K. X. Dong, Z. L. You, Polyhedron 2019, 165, 138-142.
PAGE  
14

_1698910954.cdx

_1698911530.cdx

_1698941162.cdx

_1698910987.cdx

_1698910944.cdx

