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Abstract

Tris(N-(pyrrol-2-ylmethyl)-N-butyldithiocarbamato-S,S")cobalt(Ill) (1), tris(N-(pyrrol-2-ylmethyl)-N-(2-
phenylethyl)dithiocarbamato-S,S")cobalt(I1I) ) and tris(N-methylferrocenyl-N-(2-
phenylethyl)dithiocarbamato-S,S")cobalt(III) (3) have been synthesized and characterized by elemental analysis
and spectroscopy (IR, UV-vis and NMR). The elemental analysis and IR, 1H and 13C NMR spectra are
consistent with the formation of the cobalt(l11) complexes with dithiocarbamate ligands.
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Introduction

A wide range of metal-dithiocarbamate complexes is known with examples finding use in applications as
diverse as industry, agriculture, medicine and material science [1-7]. Metal sulfide nanoparticles have shown
vital applications in many fields as an advanced materials such as IR detectors [6], photocapacitors for energy
conversion and storage [7], sensors [8], photonic materials [9] and advanced optoelectronic devices [10]. In
recent years, transition metal dithiocarbamate complexes have received a great deal of attention because of their
importance as single source precursors for the preparation of metal sulfide nanoparticles [11,12]. The N-bound
organic moieties in dithiocarbamate ligands in metal complexes affect the morphology and size of the metal
sulfide nanoparticles [13,14]. These nanoparticles have been used for the photocatalytic degradation of various
organic pollutants such as dyes, p-nitrophenol etc.[15,16]. The photocatalytic activity of the metal sulfide
nanoparticles depends on the morphology and size of the nanoparticles [17]. Furthermore, transition metal
dithiocarbamates containing redox activite feerocene moiety are used as sensors for anions [18,19]. Particularly,
cobalt(l11) dithiocarbamate complexes have been used as catalyst for the synthesis of f-enaminoesters and -
enaminones from 1,3-diketones and B- ketoesters [20], sensor for ions [21] and single source precursor for the
preparation of metal sulfide nanoparticles [22]. Our aim is to prepare cobalt(l11) dithiocarbamate complexes for
the sensing of anions and preparation of cobalt sulfide and cobalt-iron sulfide nanoparticles. In this paper we
report, synthesis and characterization of complexes 1-3 and their utilization of 3 for anion sensing and in
addition, preparation of cobalt sulfide and cobalt-iron sulfide nanoparticles from complexes 2 and 3 and their
photocatalytic behavior for dye degradation are presented.

2. Experimental
2.1. Materials and techniques

All reagents and solvents were commercially available high-grade materials (Merck/  Sd fine/Sigma aldrich)
and used as received. IR spectra were recorded on a Thermo Nicolet Avatar 330 FT-IR spectrophotometer
(range: 4000-400 cm™) as KBr pellets. A Shimadzu UV-1650 PC double-beam UV-vis spectrophotometer
was used for recording the electronic spectra. The spectra of complexes were recorded in CHCI; and the pure
solvent was used as the reference. The NMR spectra were recorded on Bruker 500 MHz NMR spectrometers at
room temperature in  DMSO-d6, using TMS as internal reference.
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3. Preparation of complexes
Preparation of amines

N-(pyrrol-2-ylmethyl)-N-butylamine, N-(pyrrol-2-ylmethyl)-N-(2-phenylethyl)amine and N-
methylferrocenyl-N-(2-phenylethyl)amine were prepared by general methods reported earlier [12].

3.1. Preparation of 1

N-(pyrrol-2-ylmethyl)-N-butylamine (3.0 mmol) in ethanol was mixed with carbon disulfide (3.0 mmol) under ice
cold condition (5 °C). The solution was stirred for 30 min. This produced the (N-(pyrrol-2-ylmethyl)-N-
butyldithiocarbamic acid solution. An aqueous solution of CoCl,-6H,O (1.0 mmol) was added to the
dithiocarbamic acid solution resulting in the formation of a green precipitate. The precipitate obtained was
filtered, washed several times with cold water and then air dried (Scheme-1). Yield: 78 %, mp: 155-156°C. IR
(KBr, cm™): v = 3380 (v n-n), 1488 (ven), 1027 (ve_s). UV-Vis (CHCIs, nm): 4 = 250, 277, 327, 400,
488, 642: 'H NMR (500 MHz, DMSO-dg): § 0.98 (b, 9H, N-CH,-CH,-CH,-CH3), 1.38 (b, 6H, N-CH,-
CH,-CH2-CHs3), 1.68 (b, 6H, N-CH,-CH2-CH»-CHs), 3.65 (6H, N-CH2-CH,-CH,-CHjs) 4.67- 5.02 (m, 6H, N-
CHz2 (pyrrole)), 6.15 (s, 3H, H-3(pyrrole)), 6.20 (s, 3H, H-4, (pyrrole)), 6.81 (s, 3H, H-5(pyrrole)), 9.04
(3H, NH-pyrrole). 3C NMR (125 MHz, DMSO-dg): & 13.7 (N-CH,CH,CH,CHa), 20.1 (N-CH.-
CH,-CH>-CHj3), 28.9 (N-CH2-CH,-CH,-CHs), 44.7 (N-CH.-CH-CH>-CHjs), 48.1 (N-CH; (pyrrole)),
107.8, 109.4, 119.1, 125.6 (pyrrole ring carbons), 205.6 (NCS;). Anal. Calcd. for C3oHasCoNgSs, (%): C, 48.62;
H, 6.12; N, 11.34; found (%): C, 48.49; H, 6.08; N, 11.24 .

3.2. Preparation of 2

A method similar to that described for the synthesis of 1 was adopted; however, N-(pyrrol-2-ylmethyl)-N-(2-
phenylethyl)amine was used instead of N-(pyrrol-2-ylmethyl)-N-butylamine (Scheme 1). Yield: 82%, mp: 150-
152°C, IR (KBr, cm™): v =3382 (v n.n), 1485 (vcn), 1028 (1cs). UV-Vis (CHCIs, nm): A = 251, 278, 326,
398, 482, 642, 'H NMR (500 MHz, DMSO-dg): 6 2.99 (6H, NCH2-CH2-CsHs), 4.69 (6H, NCH2-CH,-
Ce¢Hs), 4.81 (6H, NCH2-(Pyrrole)), 6.20 (6H, H-3 and H-4 (pyrrole)), 6.80 (3H, H-5, (pyrrole)), 7.23-7.36
(15H, phenyl ring protons), 8.91 (3H, NH-pyrrole), 3C NMR (125 MHz, DMSO-ds): 6 33.3 (N-CH,-CH,-
CeHs), 45.6 (N-CH2CH;-CgHs), 50.2 (N-CHa-(Pyrrole)), 108.0, 109.6, 119.4, 125.3, (pyrrole ring carbons),
126.7, 128.6, 129.0, 137.6 (phenylring carbons), 205.2 (NCS,). Anal. Calcd. for C42H45sCoNgSs (%): C, 56.99; H,
5.12; N, 9.49; found (%): C, 56.72 ; H,5.13 ; N, 9.43.

3.3. Preparation of 3

A method similar to that described for the synthesis of 1 was adopted; however, N-
methylferrocenyl-N-(2-phenylethyl)amine used instead of N-(pyrrol-2-ylmethyl)-N-butylamine (Scheme 1)
Yield: 84%, mp: 165-166°C. IR (KBr, cm™): v = 1485 (vcn), 1025 (1cs). UV-Vis (CHCI3, nm): A = 249,
274, 323, 401, 472, 632: 'H NMR (500 MHz, DMSO-ds): 6 2.91 (N-CH,-CH:-CsHs), 3.65-4.80 (NCH2-
CH2-CeHs, N-CH: ferrocenyl and cyclopentene), 7.24 (b, 15H, phenyl ring protons) *C NMR (125 MHz,
DMSO-de)Z o 334 (N-CHz-CHzCsHs), 47.9 (N-CHz-CHz-CeHs), 49.2 (N—CHz—ferrocenyI), 68.6, 68.8, 70.1,
80.1 (C-C (ferrocenyl ring carbons) 126.5, 128.6, 128.8, 138.3 (phenyl ring carbons), 205.0 (NCS). Anal.
Calcd. for CeoHsoCoFesNsSe (%): C, 58.02; H, 4.87; N, 3.38; found (%): C, 58.00; H,4.84 ; N,3.37.
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4. Results and discussion
4.1 Spectral studies of 1-3
4.1.1 IR spectral studies

IR spectra of the metal dithiocarbamate complexes are useful analytical tool to find the coordination mode
(monodendate or bidendate) of dithiocarbamate ligands [24]. In the case of bidentate ligand a solitary band is
observed in the region of 950-1050 cm™ while the splitting of this band within narrow range of 20 cm™ is due to
the monodentate coordination of dithiocarbamate ligand. Only one band associated with the C-S stretching is
observed around 1027 cm for 1-3 in the IR spectra confirming the bidentate coordination mode of the ligands.
The spectral region from 1450-1500 cm™? is associated with the vc.n (thioureide) vibrational mode. For
complexes 1-3, the (vcn) (thioureide) were found around 1485 cm?, indicating the partial double bond
character.

4.1.2 NMR spectral studies
'H NMR spectral studies

The protons of methylene group attached to pyrrole group in complexes 1 and 2 appear around 4.75 ppm. The
remaining three and two signals in the aliphatic region of 1 and 2, respectively are due to the butyl and ethyl
groups; that shifted to lower field being nitrogen bound. NH protons of pyrrole rings are observed around 9.00
ppm. The methylene protons of ferrcenyl methyl, NCH, protons of NCH,CH,CsHs and ferrocene ring protons
are appeared in the region 3.65-4.80 ppm for complex 3. Aromatic proton signals for all the complexes 1-3 are
appeared in the region 6.15-7.30 ppm. The expected splitting patterns were not observed in these complexes.
This is due to the paramagnetic nature of the complexes [25].

13C NMR spectral studies

For complexes 1 and 2, the signals for methylene carbon attached pyrrole NCH,CH,CgHs and NCH; (butyl)
carbons are observed in the region 45-50 ppm. The other signals appeared in the aliphatic region of 1 and 2 are
assigned to the remaining carbons of methylene of butyl and phenyl ethyl groups. In the case of complex 3, the
signals observed at 33.4, 47.9 and 49.2 ppm are due to methylene carbon of N-CH,-CH,-C¢Hs, ferrocenyl
methyl group, N-CH,-CH,-CsHs and, respectively. Ferrocene ring carbons resonate in the region 68.5-77.2 The
important *C NMR chemical shift value of the thioureide carbon (N*3CS;) observed in the region 204.9-205.6
ppm, indicating contribution of double bond character to a formally single N-C bond in the dithiocarbamates.

4.1.3. Electronic spectral studies

Uv-vis spectra of metal-dithiocarbamate complexes usually show three absorption bands in the ultraviolet region
due to m-7* transition of NCS and SCS moiety and n-n* transition (i.e. transfer of a electron of the lone pair on
the S to an antibonding w-orbital) [26]. In the present study, these three bands are observed around 250, 275 and
325 nm. A bond appeared around 400 nm is due to either metal—-ligand or ligand— metal charge
transfer.Complexes 1-3 show two bands in the visible region 630-645 and 470-485 nm due to d-d transitions.
The absorption pattern suggests octahedral coordination around Co(lll) [27].

5. Conclusions

In this contribution three new cobalt(l11) dithiocarbamate complexes have been synthesized and characterized
by spectroscopic techniques. UV-vis spectra data are consistent with the formation of octahedral cobalt(l11)
complexes.
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