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Abstract:

The antimony(IIl) thiolate, synthesized, have been refluxed with 1,10 - phenanthroline and 2,2’ - bipyridyl
separately in various solvents like methanol, ethanol, benzene and acetonitrile for 48 hours in order to prepare
their coordination compounds. Analytical data and infrared spectral data of the products so obtained show that
the ligand molecules could not enter the coordination sphere of these antimony(IIl) thiolate. It is, therefore,
considered worthwhile that the ligand may be added to these alkoxides before these form alkoxy bridges and get
polymerized. Therefore, in addition to thiol and supporting electrolyte, 1.0 g of the ligand (1,10 - phenanthroline
or 2,2’ - bipyridyl) was also added to these systems and the solution was electrolyzed at antimony anode and inert
platinum cathode for ten hours. The products obtained are insoluble in commonly used organic solvents and do
not melt upto 300°C. Elemental analysis and infrared data conform to general formula, Sb(SR)s.L.
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Introduction:

Electrochemical synthetic technique deals with the reactions proceeding at the expense of external electrical
energy. It has been used as a synthetic method in organic chemistry!-8 for the last sixteen decades. The first useful
organo synthesis was made by Faraday® by electrolysing potassium acetate solution followed by the electrolysis of
salts of carboxylic acids (the anodic oxidation of which yields hydrocarbons) was generalized by kolbe1? in 1847.
The use of this technique in organic synthesis was later extended by Brown and Walker!1-12, These were followed
by the development of a number of reactions!3 such as coupling reactions814-15, substitution reactions!6-17, electron
transfer reactions!8, conversion reactions!8, polymerization reactions!%-20 and chiral induction reactions?1-22, Some
of these reactions were also used on industrial scale23-28,

In view of the fact that the electrochemical methods provide unique route for the synthesis of a large variety of
chemical compounds and the technique is associated with several advantages over the conventional synthetic
methods, it was, therefore, considered worthwhile to explore the use of this technique for the synthesis of inorganic
and organoantimony compounds. Antimony is chosen for present studies as its compounds play very important
role in our daily life, medicines and industry.

Present work, therefore, presents the electrochemical reactions of different types of organic compounds at
sacrificial antimony electrode. The products of these reactions are isolated and characterized by elemental
analysis, Infrared spectral studies and other physical measurements. Efforts are also done to throw light on the
mechanism of these reactions.

Experimental:

As theligand (1,10-phenathroline or 2,2-bipyridyl) could not be added to the products of the above electrochemical
reactions by refluxing for sufficiently prolonged period of time, therefore, coordination compounds of
antimony(III) thiolates have been synthesized electrochemically. Electrochemical cell may be represented as:

RSH
Sb &) +CH3CN + BusNCl Pty
+L

All the symbols have their usual meanings. The electrochemical characteristics of these reactions are summarized
in Table-1. After ten hours of electrolysis, light brown products separated in the anode compartment. These
electrochemical products are quite stable and are not much affected by air and moisture. All these products are
insoluble in various organic solvents. Molecular weight of these products could not be determined due to their
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insolubility in solvents. Melting point measurements of these products reveal that these do not melt upto a
temperature of 300°C. However, a change of the colour was observed in the temperature range of 200 - 2500C
which may be due to the decomposition of these products.

Antimony, carbon, hydrogen and sulphur contents in these products are determined and are listed in Table-I.
Perusal of Table-I reveals that analytical data conform to molecular formula Sb(SR)s3.L.
Procedure for Elemental Analysis and Determination of Current Efficiency:

Elemental analysis:-

The elemental analysis (carbon, hydrogen, nitrogen, chlorine and bromine) of these products have been carried
out by using Perkin - Elmer 2400 CHN elemental analyzer.

Determination of Current Efficiency:-

The current efficiencies (gram equivalents of antimony dissolved per faraday) of all these systems were
determined by conducting the electrolysis of above systems under similar conditions but at constant current of 20
mA for exact two hours. The solution from anode compartment was taken out. The anode compartment of the cell
and anode was washed three times with acetonitrile. The solution of the anode compartment along with its
washings was distilled in film evaporator until about 10 mL of contents were left in the flask. The contents were
then transferred to a beaker and heated to dryness. Antimony contents were then determined in the dry mass as
discussed above. The ratio of experimental and theoretical antimony contents gives the current efficiency of the
system.

Calculations:-

Experimental amount of Antimony found = C % (say)

Quantity of electricity passed =2x 60 x 60 x 20 coulombs
1000

= 144 coulombs
Theoretical amount of antimony = 144x121.75 ¢
dissolved by passing above quantity 96487 x 3

of electricity
= 0.06057 g (say)
Current efficiency = C g-eq faraday!
0.06057

Result and Discussion:

A close inspection of the infrared spectral data reveals that these products do not show any absorption band in the
region of 2603 - 2499 cm! indicates that the proton of thiol molecules is replaced in these reactions also?°.
However, the characteristic bands appear in the regions of 1605 - 1585 cm?, 660 - 653 cm?, 535 - 528 cm! and
462 - 456 cm™.

As discussed above the bands in the regions of 660 - 653 cm?, 535 - 528 cmtand 462 - 456 cm! can be assigned
to v(C - S), v(Sb - S) terminal and v(S - Sb - S) bridged stretching vibrations30-31 respectively. Comaprison of the
infrared data with that of the parent antimony(III) thiolates reveals that all these bands of present products appear
in slightly higher regions. Shift of v(C - S) and v(Sb - S) bands to higher regions indicates the coordination of the
ligand to antimony(III) thiolates.

Additional bands observed in the infrared spectra of these products in the region of 1605 - 1585 cm-1 may be due
to the ligand molecules and can be assigned to v(C -+ N) and v(C -+ C) stretching vibrations29-31. These bands also
appear at slightly higher region as compared to those in the infrared spectra of the pure ligand molecules!4°.
Presence of v(C -+ N) and v(C --- C) bands in the infrared spectra of these products and shift of all these bands ( v(C
- S)Sb, v(Sb - S), v(S - Sb - S), v(C -+ N) and v(C -+ C) ) towards higher region which confirm the coordination of
the ligands- to antimony(III) thiolates. Appearance of bridged v(S - Sb - S) stretching vibrations, insoluble
behaviour in various organic solvents and high melting point indicate that the present products are also polymeric
in nature.
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Current efficiencies of all these systems have also been determined and are listed in Table-I. The current
efficiencies of these systems are quite high (0.78 - 0.97 g-eq F-1). High current efficiencies of these systems show
that the formation of the coordination compounds of antimony(III) thiolates are the predominant reactions of

these systems. The reaction scheme for the formation of the products is given below:

At cathode:

3RSH + 3e

At Sacrificial anode:

3RS + L 4+ Sbg,

Py

> 3RS +%H2T

r

Sb(SR)3.L 4+ 3e

The present electrochemical technique given as unique route for the synthesis of antimony(III) thiolates and their
coordination compounds. It is a direct single step and one - pot synthetic method which proceeds with very high

current efficiencies.

Table-I: Electrolysis Characteristics, Analytical and other Related Data of Electrolysis of Thiols + Ligand
Systems at Antimony Anode

System Potential | Electricity Product Elemental analysis Current
applied passed Colour | Found (Calc.) % efficiencies
(\2] (Coulombs) Sb C H S (Gram-
equivalent/
Faraday)
1-Methylpropane-1- | 40 720 C12H30S3SbC1zHsNz | Light 21.1 49.2 6.32 16.4 0.94
thiol + Brown | (21.29) | (50.37) | (6.64) | (16.79)
1,10-phenanthroline
2-Methylpropane-2- | 60 720 C12H27S3SbC12HsN2 | Light 21.3 49.7 6.05 16.2 0.97
thiol + Brown | (21.40) | (50.37) | (6.12) | (16.7)
1,10-phenanthroline
Pentane-1-thiol + 50 720 C15H33S3SbC12HsN2 | Light 19.4 52.8 6.24 15.2 0.84
1,10-phenanthroline Brown | (19.93) | (53.04) | (6.71) | (15.71)
Propane-2-thiol + 40 720 CoH24S3SbC12HsN2 | Light 22.68 47.23 5.57 17.91 0.91
1,10-phenanthroline Brown | (22.95) | (47.54) | (6.08) | (18.14)
Butane-1-thiol + 50 720 C12H27S3SbC12HsN2 | Light 21.18 50.27 5.97 16.74 0.81
1,10-phenanthroline Brown | (21.37) | (50.61) | (6.19) | (16.89)
1-Methylpropane-1- 40 720 C12H30S3SbC10HsN2 | Light 21.8 479 6.43 17.2 0.87
thiol + Brown | (22.22) | (48.19) | (6.93) | (17.52)
2,2"-Bipyridyl
2-Methylpropane-2- 30 720 C12H27S3SbC1oHsN2 | Light 21.4 48.1 6.21 17.4 0.93
thiol + Brown | (22.34) | (48.46) | (6.42) | (17.6)
2,2"-Bipyridyl
Pentane-1-thiol + 50 720 C15H33S3SbC1oHsN2 | Light 20.3 50.7 6.72 16.2 0.78
2,2"-Bipyridyl Brown | (20.74) | (51.12) | (6.98) (16.36)
Propane-2-thiol + 50 720 CoH24S3SbC10HgN2 | Light 23.28 4437 6.21 18.34 0.96
2,2"-Bipyridyl Brown | (23.94) | (44.88) | (6.34) (18.92)
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Butane-1-thiol + 60 720 C12H27S3SbC10HsN2 | Light 22.08 48.27 6.23 17.42 0.81
2,2"-Bipyridyl Brown | (22.31) | (48.43) | (6.41) (17.64)

Table-II: Selected Infrared Absorption Bands of Products of Electrolysis of Thiols + Ligand Systems at

Antimony Anode
System Absorption band (cm) Possible assignment
462(s) v(S-Sb-95)
532(s) v(Sb-S)
658(s) v(C-9)
1-Methylpropane-1-thiol + e
1,10-phenanthroline 1605(s) v(C N)}
v(C=C)
457(s) v(S-Sb-95)
535(s) v(Sb -S)
2-Methylpropane-2-thiol + 660(s) v(C-95)
1,10-phenanthroline .
1602(s) {V(C N)}
v(C=C)
458(s) v(S-Sb-5)
528(s) v(Sb - S5)
658(s) v(C-5)
Pentane-1-thiol +
1,10-phenanthroline 1595(s) v(C N)}
v(C=C)
456(s) v(S-Sb-5)
532(s) v(Sb-S)
660(s) v(C-95)
Propane-2-thiol e
1,10-phenanthroline 1604(s) {V(C N)}
v(C=C)
462(s) v(S-Sb-5)
532(s) v(Sb - §5)
660(s) v(C-95)
Butane-1-thiol +
1,10-phenanthroline 1585(s) {V(C N)}
v(C=C)
462(s) v(S-Sb-95)
531(s) v(Sb-S)
1-Methylpropane-1-thiol + 653(s) v(C-95)
2,2"-Bipyridyl .
1603(s) {V(C N)}
v(C=C)
460(s) v(S-Sb-5)
532(s) v(Sb-S)
660(s) v(C-95)
2-Methylpropane-2-thiol + .
2,2"-Bipyridyl 1605(s) v(C N)}
v(C=C)
461(s) v(S-Sb-5)
535(s) v(Sb-5)
659(s) v(C-95)
Pentane-1-thiol +
2,2"-Bipyridyl 1597(s) {V(C N)}
v(C=C)
462(s) v(S-Sb-5)
532(s) v(Sb-5)
658(s) v(€C-59)
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Propane-2-thiol + e
2,2"-Bipyridyl 1592(s) v(C=N) }

v(C=C)
456(s) v(S-Sb-5)
532(s) v(Sb-S)
Butane-1-thiol + 660(s) v(C-95)
2,2'-Bipyridyl e
1594(s) v(C N)}
v(C=C)
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