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ABSTRACT

The present work deals with the synthesis of four complexes with general formula [{(ArO),PS,}Bi(SCH,CH,S)]
(1-4), where Ar = 2,4-(CH3),C4Hs, 2,5-(CH;3),CsH;, 3,4-(CH3),CsHs, and 3,5-(CHj3),C4Hs, respectively. The
reaction of [(ArO),PS,Na], HSCH,CH,SH with Bi(NO3)3.5H,0 in toluene in 1:1:1 molar stoichiometry afforded
the complexes these complexes. These newly synthesized complexes have been characterized by elemental
analysis, Fourier-transform infrared, and multinuclear nuclear magnetic resonance (NMR) ('H, B¢ and p)
NMR. The bismuth(I1l) atom is proposed to be surrounded by four sulfur atoms - two of dithiolate moiety and two
from dithiophosphate moiety resulting in trigonal bipyramidal geometry with the fifth position being occupied by

the lone pair of electrons.
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1. INTRODUCTION

Extensive applicability of Bi—-S compounds as
compared to Bi—O compounds in medicine and
biology has been established [1,2]. This has been
ascertained on the basis of low lability [3] and greater
thermodynamic stability [4,5] of Bi—S compounds
in comparison to Bi-O compounds. These Bi—S
compounds have fascinated many researchers due
to their diverse structural features ranging from
discrete monomer to polymeric supramolecular
assemblies [1-10]. In recent years, the prospective of
bismuth-sulfur chemistry in material science [11-15],
as X-ray imaging agents [16], and as catalysts [17]
has been significant. While the avenues of Bi-S
compounds in medicine are essentially related
to the treatment of gastrointestinal disorders,
tumors, and against microbial infection [18-20].
Moreover, bismuth being the more environmentally
acceptable heavy metal, its compounds has increased
tremendously in the past decade. Substantial literature
is available on the complexes of bismuth with
sulfur donor dithiophosphate ligands [21,22]. In the
present paper, the syntheses of a mixed ligand new
bismuth (IIT) complexes containing the disubstituted
diphenyl dithiophosphate ligands along with ethylene
dithiolate moiety as ligand to bismuth atom have been
synthesized and characterized.
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2. EXPERIMENTAL

2.1. Materials and Methods

Exclusion of moisture is mandatory due to moisture
sensitive nature of reactants and products throughout
the experimental manipulation using standard
Schlenk’s technique. Dried solvents were used.
Elemental analyses (C, H, S) were conducted using the
Elemental Analyzer Vario EL-III (Indian Institute of
Integrative Medicine, Jammu). Bismuth was estimated
as BiOI [23]. The ligands were prepared by literature
method [24]. Infrared (IR) spectra were recorded using
KBr pellet in the range of 4000-200 cm ™' on a Perkin
Elmer Spectrum 400-1 Fourier-transform IR (FT-
IR) spectrophotometer. The'H, "°C, and *'P nuclear
magnetic resonance (NMR) spectra were recorded in
CDCl; on Bruker Avance II and IIT 400 (400 MHz)
spectrometer using TMS as internal reference for 'H
and *C NMR and H;PO, (85%) as external reference
for >'P NMR.

2.2. Synthesis of the Complexes

2.2.1. Synthesis Of [{(2,4-(CH3)2C6H30)2PS2}BZ
(SCH,CH,S)]

A 10 ml toluene solution of Bi(NOj);. 5H,O
(1.35 ¢g/2.78 mmol) was added dropwise to
toluene solution (10 ml) of ethane-1,2-dithiol
(0.26 g/2.76 mmol) in a 100 ml round-bottom flask with
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constant stirring for 2 h followed by addition of toluene
suspension (30 ml) of (2,4-(CH;),CcH30),PS;Na
(1.00 g/2.77 mmol). The reaction contents were
further stirred for four hours till the color changed
from white to yellow indicating the completion of
reaction. The yellow solution showed white turbidity
due to precipitation of sodium nitrate and confirmed
the formation of the desired complex. The precipitated
sodium chloride was filtered off through funnel fitted
with G-4 sintered glass disc. The excess solvent was
removed from the filtrate under reduced pressure
and the product was dried finally in vacuo when the
compound isolated as yellow sticky solid in 90% yield.
The synthesis of complexes (2-4) was carried out
following the same procedure. Analytical calculation
for C;3H»,0,PS,Bi: C, 33.86; H, 3.47; S, 20.09; Bi,
32.73, Found: C, 33.76; H, 3.37; S, 20.01; Bi, 32.62;
IR (KBr): v= 1149, s [v(P)-O—C], 967, s [vP—O—
(O)], 671, s [vP=S], 612, m [vP-S], 444, w [vBi—S],
2925, w [vC—H] cm '; "H NMR (CDCly, ppm): = 2.07
(s, 6H, 2-CH3), 2.19 (s, 6H, 4-CH3), 6.70 (d, J = 8 Hz,
2H, Hs), 7.54 (s, 2H, H;), 7.27 (d, J = 8 Hz, 2H, Hy),
3.05 (t, J = 7 Hz, 4H, CH,); *C NMR (CDCls, ppm):
15.95 (2-CH;), 17.45 (4-CHj), 114.99 (Ce), 121.72
(C,—CHa), 124.75 (Cs), 126.93 (C4—CHa), 130.87 (C3),
151.29 (C,-0), 36.21 (CH,); >'P NMR (CDCls, ppm):
94.1 (s).

2.2.2.  Synthesis
Bi(SCH,CH,S)]
The complex 2 was prepared by the same procedure as
1 and isolated as yellow solid. Yield: 89%; analytical
calculation for C;3H,,0,PS,Bi: C, 33.86; H, 3.47; S,
20.09; Bi, 32.73, found: C, 33.75; H, 3.41; S, 20.02;
Bi, 32.65; IR (KBr): v= 1143, s [v(P)-O—C], 961,
s [VP-O—(C)], 677, s [v P=S], 619, m [vP-S], 442,
w [vBi=S], 2947, w [vC-H] cm ';'H NMR (CDCl,,
ppm): 2.21 (s, 6H, 2-CH3), 2.18 (s, 6H, 5-CH3), 6.72
(d, J=17.6 Hz, 2H, H3), 7.21 (d, J = 7.6 Hz, 2H, Hy),
7.37 (s, 2H, Hg) 3.12 (t, ] = 7 Hz, 4H, CH,); >C NMR
(CDCls, ppm): 17.32 (2-CHj), 19.32 (5-CHj), 124.52
(Cy), 128.63 (C,), 129.47 (C,—CH3), 132.62 (Cy),
138.42 (Cs—CH3), 151.52 (C;-0) 36.26 (CH,); *'P
NMR (CDCl;, ppm): 96.3 (s).

of  [{(2,5-(CH3),CsH30),PS5}

2.2.3.  Synthesis
Bi(SCH,CH,S)]

The complex 3 was prepared by the same procedure as
1 and isolated as yellow solid. Yield: 87%; analytical
calculation for C;3H,,0,PS,Bi: C, 33.86; H, 3.47; S,
20.09; Bi, 32.73, found: C, 33.79; H, 3.39; S, 20.02;
Bi, 32.68; IR (KBr): v = 1141, s [v(P)~0—C], 963, s
[vP—O—(C)], 672, s [vP=S], 617, m [vP-S], 439, w
[VBi-S], 2944, w [vC-H] ecm ';'H NMR (CDCl,,
ppm): 2.11 (s, 6H, 4-CH3), 2.12 (s, 6H, 3-CHj;), 6.87
(d, J = 7.61 Hz, 2H, Hg), 7.02 (s, 2H, H,), 7.26 (d,
J =8 Hz, 2H, Hs) 3.04 (t, J = 7 Hz, 4H, CH,); "°C
NMR (CDCl;, ppm): 19.34 (4-CHj3), 21.01 (3-CHj,),
116.34 (Cy), 118.13 (Cy), 121.96 (C4—CHs;), 128.84

of [{(3,4-(CH;),CsH;0),PS)}

(Cs), 137.62 (C5~CHj), 151.53 (C,-0) 36.29 (CH,);
*'P NMR (CDCly, ppm): 96.5(s).

2.2.4.  Synthesis
Bi(SCH,CH,S)]

The complex 4 was prepared by the same procedureas 1.
Yield: 88%; analytical calculation for C;3H,,O,PS,Bi:
C, 33.86; H, 3.47; S, 20.09; Bi, 32.73, found: C, 33.81;
H, 3.41; S, 20.01; Bi, 32.67; IR (KBr): v = 1145,
s [v(P)-O—C], 965, s [vP—O—(C)], 633, s [vP=S], 612,
m [vP-S], 432, w [vBi—S], 2938, w [vC—H] cm ;'H
NMR (CDCls, ppm): 1.99 (s, 12H, 3,5-(CHj;),), 6.55
(s, 4H, H,), 6.78 (s, 2H, Hy) 3.10 (t, J = 7 Hz, 4H,
CH,); “C NMR (CDCls, ppm): 22.12 (3,5-(CHs),),
123.56 (Cyp), 129.64 (Cy), 146.33 (C;5-CH3), 155.53
(C,-0) 36.23 (CH,); *'P NMR (CDCl, ppm): 95.6(s).

of  [{(3,5-(CH3);CsH;0),PS)}

3. RESULTS AND DISCUSSION

The reaction of bismuth (III) nitrate pentahydrate,
ethane-1,2dithiol, and sodium salt of
diaryldithiophosphate in 1:1:1 molar ratio in toluene
yielded these complexes in 87-90% yield (Scheme 1).

These complexes were obtained after separation
from NaNO;. These complexes are soluble in
tetrahydrofuran, chloroform, DMSO, and insoluble
in solvents such as n-hexane and carbon tetrachloride.
These complexes are slightly moisture sensitive.

3.1. Infrared Spectral Data

The regions of IR spectra for P—S are of particular
interest. Bands for V[P—S],ym and Vv[P—S]y, of
diphenyldithiophosphate in these complexes were
observed at 677-671 cm ' and 619-612 cm ',
respectively. This slight shift in comparison to the
parent ligands and appearance of closely spaced bands
arising from v(PS,) vibrations are quite diagnostic
to propose bidentate bonding of dithiomoiety with
bismuth. Ap]iz)earance of new bands of vBi—S at
444-432 cm  indicates formation of bismuth—sulfur
bonds [21,22]. The vC—H vibrations were observed in
the region 2947-2925 cm .

Ry Rs
N/
/C5=C6
R3 C4 CI—O
\ /
/Cs_Cz
R; R,
1. Rl = CH3, Rz = H3, R3 = CH3, R4 = Hs, R5 = H6
2.R; =CH3, R; =Hj3,R3=Hy4, Ry = CHj;, Rs = Hg
3. R]. = Hz, Rz = CHS, R3 = CH3, R4 = Hs, R5 = H6
4. Rl = Hz, Rz = CHS, R3 = H4, R4 = CH3, Rs = H6

Scheme 1: Ring labeling for nuclear magnetic resonance
spectroscopic assignments of complexes 1-4.
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Bi(NO3)3.5H,0 + HSCH,CH,SH + NaS,P(OAr), —Loluene g, [{SCH,CH,S}Bi{S,P(O

-2HC1
-NaNOj

Scheme 2: Synthesis of mixed ligand complexes of bismuth(III).

3.2. "H NMR Spectral Data

'H NMR spectra of these complexes exhibited phenyl
proton signals with the expected peak multiplicities.
The chemical shifts of the methyl protons of the phenyl
rings were observed at 1.99-2.21 ppm as a very sharp
singlet. The aromatic protons of the phenyl groups were
observed at 6.55-7.37 ppm with their characteristic
splitting patterns. In addition to these chemical shifts,
the chemical shifts for -SCH,CH,S- protons in the
region 3.04-3.12 ppm in the spectra of these complexes
were also observed.

3.3.5C NMR Spectral Data

The*C NMR spectral data show the chemical shifts
expected for the carbons present in the molecule. The
spectra exhibit the chemical shifts of carbons of phenyl
rings with a marginal shift in their values compared
to the parent ligands. The chemical shift for the
methyl (~CH3;) carbon was found at 16.00-22.12 ppm.
The aryl group carbon nuclei resonate in the region
116.34-156.97 ppm. The chemical shifts for C-O
carbons were observed at 151.52-156.97 ppm. The
resonance due to -CH, carbon nuclei of the dithiolate
moiety in the complexes was observed in the region
36.21-36.29 ppm.

3.4.”'PNMR Spectral Data

S'PNMR spectra (proton-decoupled) displayed a single
resonance for each complex. The singlet was observed
in the upfield region of 94.1-96.5 ppm compared to
the uncoordinated ligands. This shift may be attributed
to bidentate dithiophosphate [25]. This behavior
confirms the equivalent nature of phosphorus nuclei in
the molecule and coordination to bismuth (III).

4. CONCLUSION

In this research, new disubstituted
diphenyldithiophosphates complexes of bismuth (III)
complexes have been synthesized and characterized
by elemental analysis, IR, and heteronuclear NMR
(IH, Bc and3lP). The appearance of new bands in the
IR spectra of these complexes in comparison to the free
ligand indicates that the vBi-S bond has been formed.
Furthermore, the resonances in the heteronuclear
NMR spectra clearly indicate the probable structural
geometry of these complxes. Each complex probably
forms a four-membered distorted chelate ring as
a [BiS4] unit. A trigonal bipyramidal geometry is
proposed with bismuth atom coordinated to two sulfur
atoms of ethane-1,2-dithiolate moiety, two sulfur atoms
of dithiophosphate moiety, and a lone pair occupying
the fifth position of the see-saw structure Figure 1.

H

2
s/C\
Ar—0 S ‘ /CH2
\P/\ i—S
ava
Ar—0 S

Figure1:Proposedstructure of mixedligand bismuth(I1I)
complexes (Ar = 2,4-(CH3)2C6H3, 2,5-(CH3)2C6H3,
3,4-(CH3)2C6H3 and 3,5-(CH3)2C6H3).

5. ACKNOWLEDGMENTS

Gratitude is owed toward Sophisticated Analytical
Instrumentation  Facility, = Panjab  University,
Chandigarh, and Indian Institute of Integrative
Medicine, Jammu, for providing spectral facilities.

6. REFERENCES

1. R. Mohan, (2010) Green bismuth, Nature
Chemistry, 2: 336-336.

2. 0. Rohr, (2002) Bismuth-the new ecologically
green metal for modern lubricating engineering,
Industrial ~ Lubrication  and  Tribology,
54:153-164.

3. N.Yang,H.Sun,(2007)Bio-coordinationchemistry
of bismuth: Recent advances, Coordination
Chemistry Reviews, 251: 2354-2366.

4. A. Lugman, V. L. Blair, R. Brammananth,
P. K. Crellin, R. L. Coppel, P. C. Andrews,
(2014) Homo- and heteroleptic bismuth(I1I/V)
Thiolates from N-heterocyclic thiones: Synthesis,
structure and anti-microbial activity, Chemistry-A
European Journal, 20: 14362-14377.

5. L.Agocs, G. G.Briand, N. Burford, M. D. Eelman,
N. Aumeerally, D. MacKay, K. N. Robertson,
T. S. Cameron, (2003) A generally applicable
synthetic approach for heteroleptic thiolate
complexes of bismuth, Canadian Journal of
Chemistry, 81: 632-637.

6. O.C. Monteri, T. Trindade, J. H. Park, P. O’Brien,
(2000) The use of bismuth(Ill) dithiocarbamato
complexes as precursors for the low-pressure
MOCVD of Bi,S;, Chemical Vapor Deposition,
6: 230-232.

7. Y. W. Koh, C. S. Lai, A. Y. Du, E. R. T. Tiekink,
K. P. Loh, (2003) Growth of bismuth sulfide
nanowire using bismuth trisxanthate single
source precursors, Chemistry of Materials,

316



10.

11.

12.

13.

14.

15.

16.

Indian Journal of Advances in Chemical Science 5(4) (2017) 314-317

15: 4544-4554.

A. Gupta, R. K. Sharma, R. Bohra, V. K. Jain,
J. E. Drake, M. B. Hursthouse, M. E. Light,
(2003) Synthesis and characterization of
methylbismuth(IIT) complexes containing
dithio ligands: Crystal and molecular structure
of MeBi{S,COMe}(2) and transformation of
MeBi{(S,COPr)-Pr-i}2 to Bi,S;, Journal of
Organometallic Chemistry, 678: 122-127.

M. Kimura, A. Iwata, M. Itoh, K. Yamada,
T. Kimura, N. Sugiura, M. Ishida, S. Kato,
(2006) Synthesis, structures, and some reactions
of [(thioacyl)thio]- and (Acylseleno)antimony
and -bismuth derivatives ((RCSS)A.(MR])g_X and
(RCOSe) (MR, with M=Sb, Bi and x=1-3),
Helvetica Chimica Acta, 89: 747-783.

W. Lou, M. Chen, X. Wang, W. Liu, (2007) Novel
single-source precursors approach to prepare
highly uniform Bi,S; and Sb,S; nanorods via a
solvothermal treatment, Chemistry of Materials,
19: 872-878.

H. Maeda, Y. Tamaka, M. Fukutomi, T. Asano,
(1988) A new high-7, oxide superconductor
without a rare earth element, Japanese Journal
of Applied Physics, 27: 1.209-1L.210.

B. A. Vaarstra, J. C. Huffman, W. E. Streib,
K. G. Caulton, (1991) Incorporation of barium
for the synthesis of heterometallic alkoxides:
Synthesis and structures of [BaZry(O'Pr)ol,
and Ba{Zr,(O'Pr)o},, Inorganic Chemistry,
30: 3068-3072.

S. R. Breeze, S. Wang, J. E. Greedan,
N. P. Raju, (1996) Copper and bismuth complexes
containing dipyridyl gem-diolato ligands:
Bi'",[(2-Py),CO(OH)]5(0,CCF3)4(THF),,
Cu™[(2-Py),CO(OH)],(HO,CCHjs),, and
Cu™,[(2-Py),CO(OH),(0,CCHy)s(H,0), 2
ferromagnetically coupled tetranuclear copper(Il)
chain, Inorganica Chimica Acta, 35: 6944-6951.
P.  Majewski, (1994) BiSrCaCuO High-
T. superconductors, Advanced Materials,
6: 460-469.

F. Soares-Carvalho, P. Thomas, J. P. Mercurio,
B. Frit, S. Parola, (1997) BisTi30;, thin films
from mixed bismuth-titanium alkoxides, Journal
of Sol-Gel Science and Technology, 8: 759-763.
L. O. Rosik, (1995) U. 8. Patent, Mallinckrodt

*Bibliographical Sketch

17.

18.

19.

20.

21.

22.

23.

24.

25.

Medical Inc., A61B 005/055.

K. Materne, B. Braun-Cula, C. Herwig, N. Frank,
C. Limberg, (2017) Bismuthanes as hemilabile
donors in an O,-activating palladium(0)
complex, Chemistry-A European Journal,
23: 11797-11801.

J. L. Lambert, P. Midolo, (1997) The actions of
bismuth in the treatment of Helicobacter pylori
infection, Aliment Pharmacology Therpy,
11: 27-33.

S. L. Gorbach, (1990) Bismuth therapy in
gastrointestinal ~ diseases,  Gastroenterology,
99: 863-875.

D. E. Mahony, S. Lim-Morrison, L. Bryden,
G. Faulkner, P. S. Hoffman, L. Agocs, G. G. Briand,
N. Burford, H. Maguire, (1999) Antimicrobial
activities of synthetic bismuth compounds against
Clostridium difficile, Antimicrobial Agents and
Chemotherapy, 43: 582-588.

S. Maheshwari, J. E. Drake, K. Kori,
M. E. Light, R. Ratnani, (2009) Synthesis
and spectroscopic characterization of
tris(0,0’-ditolyldithiophosphato)arsenic/
anti- mony/bismuth(I1I) compounds:
Crystal  structures of [As{S,P(OCsH;Me-
m),}$3].0.5C¢H 4, [Sb{S,P(OCsHsMe-m),} 3]
and [Bi{S,P(OCsHs;Me-m),};], Polyhedron,
28: 689-694.

R. Khajuria, S. Kumar, M. Kour, A. Syed,
G. Hundal, S. K. Pandey, (2017) Bismuth(III)
complexes with bis(dimethylphenyl)
dithiophosphates: Synthesis, characterization and
crystal structure of [{(3,5-CH3),C¢H30},PS,];Bi,
Acta Chimica Slovenica, 64: 672-678.

A. 1. Vogel, (1961) Quantitative Inorganic
Analysis, 3" ed. Longmans, London.

A. Kumar, K. R. Sharma, S. K. Pandey, (2007)
Synthesis and characterization of O,0 ’-(o-, m-, or
p-ditolyl) dithiophosphate ligands, Phosphorus,
Sulfur, and Silicon and the Related Elements,
182: 1023-1031.

C. Glidewell, (1977) Ambident nucleophiles:
VI. Solution metal-ligand binding modes in
phosphorodithioate complexes. A phosphorus-31
N.M.R. study, [Inorganica Chimica Acta,
25: 159-163.

Dr Atiya Syed has received her Ph.D in 2016 from University of Jammu, Jammu, Jammu and
Kashmir. She has authored and co-authored eight research papers in international and national
journals. She has also qualified CSIR-NET in Chemistry in the year 2009. She is presently
working as Lecturer in Chemistry in School Education Department, J&K.

317



