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Synthesis and Characterization of Some New Organic
Derivatives of Organobismuth (III) with 2,3-Dihydro-2,
2-Disubstituted Benzothiazole

R. Rathore
N. Harkut
Y. P. Singh
P. N. Nagar
Department of Chemistry, University of Rajasthan, Jaipur, India

2,3-dihydro-2,2-disubstituted benzothiazole reacts with triphenyl bismuth in a
1:1 molar ratio in dry benzene solution surprisingly to yield substituted deriva-
tives of the type Ph2Bi[SC6H4N=CR(R′)], where R=R′=C2H5;R=CH3, and
R′=CH3,C6H5,C6H4CH3-4,C6H4Cl-4,R=H,R′=C6H5. To ensure completion of the
reaction, the mixture was refluxed for ∼8–10 hours. The solvent was removed under
reduced pressure, which yielded dark brown viscous liquid and solids. The newly
synthesized compounds are found to be soluble in common organic solvents (e.g.,
CHCl3, CH2Cl2 etc.) and have been characterized by spectroscopic methods (IR,
NMR,1H , and 13C) and physical chemical studies. On the above basis, a bidentate
chelating structure has been suggested.

Keywords 2, 3-Dihydro-2; 2-disubstituted benzothiazole triphenyl bismuth (III)
derivatives

INTRODUCTION

In continuation of our earlier investigation on the reaction of triphenyl-
antimony with dialkyl (alkylene) dithiophosphates,1 a number of metal
complexes of 2-aminocyclopentene-1-carbodithioicacid and its nitro-
gen/sulfur alkyl derivatives have been synthesized during the last few
decades2 as well as interesting patterns of chemical bonding modes
have been observed with various metals with these ligands.3−6

Recently, auto-oxidation reactions of trithioarsenites7 and oxidation
reactions of trialkyl trithioarsenites8 have been reported, reflecting in-
terests in arsenic-sulfur compounds. No systematic studies have been
carried out on organobismuth (III) with 2,3-dihydro-2,2′-disubstituted
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1316 R. Rathore et al.

benzothiazole.7−16 Triphenyl antimony (V) derivatives of disubstituted
benzothiazoline also have been recently reported, which attracted the
attention of the chemists.17

In view of the interesting results obtained in our laboratories on ar-
senic(III) and antimony(III) derivatives, which yielded addition prod-
ucts with 2,3-dihydro-2,2-disubstituted benzothiazole. It was consid-
ered of interest to study the behavior of the ligand with organobismuth
(III) compounds. This article deals with the substitution reactions of
organobismuth(III) with 2,3-dihydro- 2,2-disubstituted benzothiazole.

RESULTS AND DISCUSSION

Organobismuth (III) derivatives of 2, 3-dihydro-2,2-disubstituted ben-
zothiazole have been synthesized by the reactions of triphenyl bis-
muth(III) with 2,3-dihydro-2,2-disubstituted benzothiazole in 1:1 molar
ratio in benzene solution.

Ph3Bi + [N(H)C6H4SC(R)R′] → Ph2Bi[SC6H4N = CR(R′)] + C6H6(1)

(Where R=R′=C2H5; R=CH3, R′=CH3, C6H5, C6H4CH3-4, C6H4Cl

- 4; R=H, R′=C6H5)

These substitution reactions were completed by refluxing the reac-
tion mixture for 4–5 h in benzene. After completion of the reaction,
the excess solvent was removed under reduced pressure. The nature
of complexes was found to vary from viscous liquids to solids. These
derivatives have been purified by benzene and n- hexane mixture. These
compounds have been found to be soluble in common organic solvents.

IR SPECTRA

IR spectra of these derivatives have been recorded in the range 4000–
200 cm−1, which show the following characteristics changes (Table I):

1. Disappearance of absorption bands in the range 3340–3366 and
∼1600–1650 cm−1, which were observed and assigned in the spec-
tra of ligands for the ν NH stretching and deformation vibration,
respectively, indicating the participation of NH group in chemical
bonding.

2. Appearance of a new absorption band in the region 1600–1620 cm−1,
which may be assigned to ν C N stretching mode. The appearance
of a new absorption band in the region 480–490 cm−1, which may be
assigned for ν Bi-N stretching absorption band. The absorption band
observed in the region 375–430 cm−1, which may be attributed to
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ν Bi-S stretching absorption band. On the basis of the previously dis-
cussed observations, the formation of Bi-S chemical bond and biden-
tate nature of the ligand have been postulated.

1H NMR

The 1H NMR spectra of these derivatives have been recorded in CDCl3
solutions, and the observed chemical shifts values have been summa-
rized in Table II.

No PMR signal has been observed in the range δ 3.30–4.05 ppm,
which was assigned to NH protons in the ligand. This disappearance of
the NH proton signal in the PMR spectra of the product indicates the de-
protonation of N-H proton and the formation of substituted derivatives.

TABLE II 1H NMR Spectral Data of 2,3-dihydro-2,2-disubstituted
Benzothiazole and Its Organobismuth (III) Complexes (δ ppm)

Ligand (a) and
Corresponding
Complexes (b)

S. N. R R′
NH

(in bs) R R′
C6H4/C6H4 Bi +

SC6H4N C

1

(a) C2H5 C2H5 3.77
1.20(q) CH2
0.96(t) CH3

1.87(q) CH2
1.48(t) CH3 6.49–7.95(m)

(b) C2H5 C2H5 —
1.20–1.56(q) CH2

1.07 (t) CH3

2.65(q) CH2
2.39(t) CH3 6.65–7.97(m)

2
(a) CH3 CH3 3.48 1.96(s) 2.50(s) 6.02–8.52(m)
(b) CH3 CH3 — 1.36(s) 2.83(s) 7.20–7.90(m)

3
(a) CH3 C6H5 3.70 2.59(s) 6.65–8.24(m) 6.65–8.24(m)
(b) CH3 C6H5 — 2.53(s) 7.13–8.90(m) 7.13–8.90(m)

4
(a) CH3 C6H5CH3-4 4.48 2.37(s)

2.56(s) CH3
6.54–8.17(m) C6H4 6.59–8.17(m)

(b) CH3 C6H5CH3-4 — 1.20(s)
2.40(s) CH3

7.25–8.90(m) C6H5 7.25–8.90(m)
5

(a) CH3 C6H5Cl-4 4.27 1.29(s) 6.34–7.67(m) 6.34–7.67(m)
(b) CH3 C6H5Cl-4 — 2.59(s) 7.33–8.06(m) C6H5 7.33–8.06(m)

6
(a) H C6H5 3.62 ∗ 6.43–7.44(m) C6H5 6.43–7.44(m)
(b) H C6H5 — ∗ 6.53–8.62(m) C6H5 6.53–8.62(m)

∗= merge with phenyl protons, (s) → singlet, (t) → triplet, (q) → quartet, (m) →
multiplet, (a)→ ligands [NHC6H5SCR(R′)], (b)→ Ph2Bi[SC6H4N=CR(R′)].
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New Organic Derivatives of Organobismuth (III) 1319

13C NMR

The 13C NMR spectra of these complexes have been recorded in CDCl3
and DMSO solutions, and the significant changes in carbon-13 reso-
nance signals have been observed in these derivatives, which are dis-
cussed in this section.

13C NMR spectra of the ligands exhibited a carbon signal in the range
δ141.50–145.53 ppm, which was assigned for >C-NH carbon. This sig-
nal for the C N group carbon was observed in the corresponding bis-
muth derivatives at δ171.03–196.31 ppm. A downfield shift in the po-
sition of this carbon signal in the spectra of complexes reflects the de-
protonation of the >C-NH group and rearrangement of benzothiazole
ring during the complex formation. This also supports the involvement
of the C N group in the bonding.

The carbon-13 signals for the alkyl group attached to the nitrogen
atom experienced a considerable downfield shift as compared to cor-
responding ligand. This also supports the involvement of the nitrogen
atom in chemical bonding.

In the spectra of the compounds where R=R′, two sets of resonance
signals have been observed for the carbon the of alkyl groups; for exam-
ple, in the compounds where R=R′=CH3, two sets of signals have been
observed for the alkyl groups at δ 22.09 and δ 19.68 ppm.

The chemical shift values of δ′ and σ R◦ were found to be negative in
the range δ-3.45 to 4.79 and −0.15 to 0.21, respectively. The negative
values of δ′ and σR◦ indicated the electron release from the bismuth
atom toward the phenyl ring through d�-p� conjugation and poor donor
capability of the bismuth atom in the complexes (Table III).

On the basis of physico-chemical and spectroscopic evidences a biden-
tate chelating nature of the ligand has been proposed.

These results are in contrast to the result obtained in the case of
organoaresenic (III) and –antimony (III) derivatives, reported in our
earlier publication.2 This may be due to the higher metallic character
of the bismuth atom, which felicitates the ring opening. The products
Ph2BiL2(where L = monofunctional tridentate ligands) are reported
to have a tendency of disproportionation in solution according to the
following equation

2 Ph2BiL → Ph3Bi + PhBiL2 (2)

EXPERIMENTAL

All reactions were carried out under anhydrous reaction conditions. The
chemicals used were of reagent grade. Solvents used were dried by the
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standard methods.18 The ligands 2, 3–dihydro-2, 2-disubstituted ben-
zothiazole were prepared by methods reported in the literature.15,18

Elements Bi, S, and N were analyzed by the literature methods.19 IR
absorption spectra were recorded as a nujol mull on CSI pallets in the
region 4000–200 cm−1. The NMR spectra were recorded in CDCl3 so-
lutions, respectively, on bruckes 270 MHz. Brukes DPX 300 MHz and
jeol Fx 90 Q(MHz) using TMS as an internal reference. All the deriva-
tives were prepared by the same method. The preparative method of
complexes and the addition complexes are described in the next section,
and the results for the rest are summarized in (Table V).

Synthesis of Triphenylbismuth (III) Derivatives with
2,3-dihydro-2,2-disubstituted Benzothioazole

A weighed amount of triphenylbismuth (III) (1.01 g, 2.30 mM)
was added to the benzene solution (30 mL) of 2,3-dihydro-2,2-
dimethylbenzothioazole (0.38 g, 2.32 mM), and the reaction mix-
ture was refluxed for 5 h. After completion of the reaction, the sol-
vent was evaporated under reduced pressure. A yellowish–brown
solid was obtained. All the other products were obtained by similar
methods.
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