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Reactions of 2-aminocyclopentene-1-carbodithioic acid and its N-
alkyl derivatives were carried out with Ph3Bi in 1:2 molar ra-
tio in refluxing benzene yield the compounds having general for-
mula , where R = −H(1), CH3(2), C2H5(3),

C4H9(4). However, the reaction of Ph3Bi and S-alkyl derivatives
of 2-aminocyclopentene-1-carbodithioic acid in 1:1 as well as 1:2
molar ratio leads to the formation of addition product of the type

, R = −CH3(5), CH2N(C2H5)2(6). All of these
compounds have been characterized on the basis of elemental analysis
and spectral (IR and NMR) studies.

Keywords: 1-Carbodithioic acid; 2-aminocyclopentane; -N/-S alkyl
derivatives substitution product addition products; organobismuth;
spectral studies

INTRODUCTION

The metal complexes of 2-aminocyclopentene-1-carbodithoic acid and
their N-/S-alkyl derivatives have attracted considerable attention due
to their different modes of bonding, which depend upon the nature of
central metal atom.1−6
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port and Central Drug Research Institute, Lucknow for spectral studies (1H and 13C
NMR).
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Earlier indium(III),7 -antimony(III),8,9 arsenic(III),8 and -bismuth-
(III),10 complexes with 2-aminocyclopentene 1-carbodithioic acid and its
N-/S-alkyl derivatives have been reported. A survey of literature reveals
that no attempt has been made to prepare the analogous derivatives of
organobismuth(III) with these ligands. In view of this, it has been con-
sidered worthwhile to prepare some new derivatives of these ligands
with organobismuth(III) moiety. In the present communication we de-
scribe the synthesis and characterization of some organobismuth(III)
complexes of 2-aminocyclopentene-1-carbodithioic acid and their N-/S-
alkyl derivatives. The N-alkyl derivatives form substituted product,
whereas S-alkyl leads to addition products.

RESULTS AND DISCUSSION

Since two different types of compounds, substitution and addition, have
been obtained, these results are being presented under two different
heads.

Substitution Products with 2-Aminocyclopentene-1-
carbodithioc Acid and Its N-alkyl Derivatives

The interaction of Ph3Bi with 2-aminocyclopentene-1-carbodithioic acid
and its N-alkyl derivatives (methyl, ethyl, and butyl derivatives of 2-
aminocyclopentene-1-carbodithioic acid) in 1:2 molar ratio leads to the
formation of the corresponding substituted compounds in benzene so-
lution.

where R = H(1), CH3(2), C2H5(3), C4H9(4).
After removing the solvent under reduced pressure, these compounds

are found to be yellow to dark brown solids. These compounds are found
to be sparangly soluble in common organic solvents.

IR Spectra
A broad band observed in the IR spectra of the complexes in the

region 3340–3350 cm−1 may be assigned to νNH stretching mode.11 The
band observed in the region 1615–1620 cm−1 may be assigned to νNH
bending mode.10 No significant shift has been observed in the position
of νNH(R)/NH2 mode in comparison to its position in parent ligands
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New Organic Derivatives of Organobismuth(III) 2455

(3344–3355 & 1615 cm−1). This indicates that the NH(R)/NH2 group is
not involved in bonding. Disappearance of SH band10 (∼2550 cm−1) in
the spectra of phenylbismuth(III) complexes reflects the deprotonation
of SH group. This has been further supported by the appearance of new
bands in the region 375–418 and 380–385 cm−1, which may be assigned
to νBi-S12 and νBi-C12 stretching modes, respectively.

The strong bands observed in the spectra of the complexes of 2-
aminocyclopentene-1-carbodithioic acid and its N-alkyl derivatives in
the range 1615–1626, 1470–1476, 1340–1380, and 1270–1295 cm−1 may
be assigned to a combination of νNH + C C νCH2 + C C, νC N + C S,
modes and mixing of νC S + C N modes, respectively.10

A single band for ν assym CSS mode13−14 was observed at 870 cm−1

in the spectra of ligands. The appearance of single band in the region
of 820–840 cm−1 in the spectra of their phenylbismuth(III) complexes
indicates the symmetrical nature of C(S)S groups. This may be due to
the involvement of both the sulphur atoms of dithiocarboxylate group
in bonding. This shows the bidentate nature of the ligand involving the
C(S)S group in bonding.

The bands due to the aromatic ring appeared at their usual
positions.9

1H NMR Spectra
The 1H NMR spectra of the ligands exhibit a broad signal in the

region δ 2.13–4.86 ppm, which is assigned to SH proton. This signal
is found to be absent in the spectra of the corresponding phenylbis-
muth(III) metal complexes (Table I, compounds 1–4). This shows the
deprotonation of SH group and the bonding of the bismuth atom with
the ligand through sulphur atom.

The two broad signals at δ 11.20 and δ 9.00 ppm observed in the 1H
NMR spectra of 2-aminocyclopentene-1-carbodithioic acid in dimethyl-
sulfoxide (DMSO)-d6 solution are being assigned to the free and
hydrogen-bonded N H protons. In the complexes, hydrogen-bonded NH
proton appears between δ 9.20 and 10.42 ppm. The position of the signal
at δ 9.00 ppm remains unaltered, whereas the signal at δ 11.20 ppm in
ligands shows an upfield shift in its position. This shift may be due to
the breaking of hydrogen bonding in free ligand on complexation. How-
ever, the existence of two signals for the NH2 protons, even on com-
plexation, indicates the probability of some weak interaction between
one of the –NH2 protons and sulphur atom of the dithiocarboxylate
group.

In compounds 2–4 the signal for NH (chelated) appears at δ 10.42 (bs),
10.23, and 10.39 ppm (in ligand at δ 11.21, 12.20, 12.65, and 12.55 ppm).
In comparison to ligand, these show an upfield shift in their positions,
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New Organic Derivatives of Organobismuth(III) 2457

which may be due to the breaking of hydrogen bonding in free ligand in
complexation. However, existence of NH protons even on complexation
indicates the nonparticipation of the amino group in bonding.

The alkyl protons attached to nitrogen atom of N-alkyl derivatives of
2-aminocyclopentene-1-carbodithioic acid (compounds 2–4) do not show
any appreciable shift in their position and appear on their expected
positions at δ 0.99–3.40 ppm (in ligand at δ 0.95–3.56 ppm). This also
indicates noninvolvement of NH(R) group.

The signals for CH2(4) and CH2(3&5) were observed in the range of
δ 1.34–2.81 ppm as quartet and multiplet at δ 2.20–3.52 ppm, respec-
tively (in ligands at δ 1.66–2.28 and δ 2.53–3.18 as quartet and multi-
plet). No significant shift was observed in these signals in complexes in
comparison to their position in free ligand.

Phenyl protons were observed in the region of δ 7.10–8.86 ppm as
multiplet.

13C NMR
13C NMR chemical shift data observed for phenylbismuth(III) com-

plexes of 2-alkylaminocarbodithioic acid and of their esters are sum-
marized in Table II. The signal observed in the spectra of ligands in the
region δ.191.50–197.30 ppm was earlier assigned to C(6) carbon atom.9

This signal was observed in the region of δ 205.20–216.40 ppm in the
spectra of corresponding complexes of organobismuth(III) in Table II
(S. No. 1–4).

This remarkable downfield shift (∼10–20 ppm) observed in the po-
sition of C(6) carbon atom signal in the spectra of the complexes in
comparison to its position in ligands may be due to the involvement of
both sulphur atoms in the bonding, and the deshielding of C(6) carbon
atom on metallation of SH group and coordination through C S group.

The carbon signals for C(1), C(2), C(3), C(4), and C(5) were observed
at δ 115.40–116.80, δ 160–172.00, δ 33.20–33.80, δ 24.40–25.30, and δ

32.06–32.80 ppm, respectively, in complexes. No significant shift was
observed in these signals in complexes in comparison to their position
in free ligand.

The alkyl group carbon signals also do not show any shift in their
positions and were observed in the range of δ 13.60–46.20 ppm (in lig-
ands in the range of δ 13.50–45.20 ppm). The absence of any shift in
the position of alkyl carbon attached to nitrogen atom rules out the
noninvolvement of nitrogen atom in the bonding.

Phenyl group attached to bismuth atom gives a set of four 13C NMR
signals in the range of δ 142.20–125.38 ppm assigned to carbon atoms
in the position ipso, ortho, meta, and para carbons.
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FIGURE 1 Structure of , where R = H, CH3, C2H5,
and C4H9.

The corrected chemical shift values15,16 and Hammet Taft constant17

were found to be in the region of δ −8.80–10.00 and δ−0.39 to −0.45
ppm for the of complexes of N-alkyl derivatives of 2-aminocyclopentene-
1-carbodithioic acid (S. No. 1–4). The negative values of δ′ reveal elec-
tron release from the metal atom towards phenyl ring through dπ -pπ

conjugation.
The IR and NMR studies of these compounds clearly show that the

two ligand moieties bond with the phenylbismuth through bismuth sul-
phur bonds, and the nitrogen atom is not taking part in the bonding.
The ligand behaves as monofunctional bidentate and induces a pseudo-
octahedral geometry to the complex with four sulphur atoms occupying
basal plane and phenyl group occupying position trans to the lone pair
(Figure 1). A similar mode of bonding was reported in case of In(III),7

As(III),8 Sb(III),8,9 and Bi(III).10

Although the definite structure may be confirmed on the basis of
X-ray diffraction technique, unfortunately we could not get the good
quality crystal the same.

Addition Products of S-Alkyl Ligands
of 2-Aminocarbodithioic Acid

The interaction of Ph3Bi with S-alkyl derivatives of 2-amino-
cyclopentene-1-carbodithioic acid in 1:1 molar ratio leads to the for-
mation of corresponding addition compounds in benzene solution

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



2460 R. Rathore et al.

(Table III, S. No. 5–6).

where R = C
α

H3(5), C
α

H2N(C
β

H2C
γ

H3)2(6).

After removing the excess solvent under reduced pressure, these
compounds are found to be brownish yellow to dark maroon solid in
appearance and are sparingly soluble in common organic solvents.

IR Spectra
A broad band is observed in the spectra of the compounds at 3350

cm−1, and it was assigned to νNH2 stretching mode.11 The band ob-
served at 1605 and 1600 cm−1 may be assigned to νNH bending mode.10

No significant shift was observed in the position of νNH2 absorption
band compared to its position in the spectra of the ligands (∼3400
cm−1). This observation leads to the conclusion that amino group of
ligand does not take part in bonding. The appearance of a new band
in the region 405–410 cm−1 and 380 cm−1 may be assigned to νBi-S
and vBi-C stretching mode12. This confirms the coordination of sulphur
atom of the ligand with bismuth atom.

The strong bands have been observed in the spectra of the compounds
of S-alkyl esters of 2-aminocyclopentene-1-carbodithioic acids in the
range 1465–1470, 1260–1270, and 1150 cm−1, and they may be assigned
to the combination of νCH2 + C C, νC N + C S modes and νC S +
C N modes respectively.10

The bands due to the aromatic ring appeared at their usual
positions.9

The appearance of two bands for ν assym CSS modes10 in the range
940–970 cm−1 indicates the participation of only one sulphur atom of
the C(S)SR group in bonding. This shows the monodentate nature of
the ligand moiety in the complexes.

1H NMR Spectra
1H NMR spectra of triphenylbismuth(III) S-alkyl esters of 2-

aminocyclopentene-1-carbodithioic acid adducts depict two broad sig-
nals at δ 6.00 ppm and 10.20 ppm for nonequivalent NH2 protons. In the
spectra of ligands, these signals are observed at δ 6.20 and 11.20 ppm.
The absence of an appreciable shift in the position of these signals in-
dicates noninvolvement of NH2 group in bonding.10

An upfield shift has been observed in compound 5 in the position of
SMe, a proton that was observed in the spectra of ligands at δ 2.12 ppm
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and in the spectra of triphenylbismuth(III) complex at δ 1.12 ppm. This
further supports that the coordination of the ligand moiety takes place
with triphenylbismuth(III) through sulphur atom.

In the spectra of compounds 5 and 6, a multiplet was observed in
the range of δ 2.24–3.56 ppm (m) due to the CH2 3 and CH2 5 protons,
and quintet was observed in the range of δ 1.46–2.13 ppm (m) for CH2 4
protons. In compound 5, the singlet for CH3 7 was observed at δ 1.12 ppm
and in compound 6, and CH2 (α), CH2 (β), and CH2 (γ ) were observed
at 4.00, 3.00, 0.90 ppm, respectively (Table I, S. No. 5–6).

Signals for phenyl groups attached to bismuth atom were observed
in the region of δ 7.20–8.90 ppm in the spectra of compounds 5 and 6.

13C NMR Spectra
In the 13C NMR spectra of addition compounds (Table II, S. No. 5–

6), the resonances for C(6), C(2), and C(1) carbon signals have been
observed at δ 198.50–205.09, 169.43–169.84, and 111.75–115.20 ppm,
respectively. An upfilled shift was observed in the position of C(6) carbon
atom in comparison to its position in free ligands (2–4 ppm). This favors
the coordination between free sulphur atom of dithiocarboxylate group
of ligand moiety with bismuth atom. Two sets of signals were observed
for phenyl carbons attached with bismuth atom in compounds 5 and 6,
whereas only one set of signals are observed for compounds 1–4. These
signals are being assigned to ipso, ortho, meta, and para carbons. The
appearance to two set of signals for ipso, ortho, meta, and para carbons
in compounds 5 and 6 clearly indicates that the phenyl groups are not in
the same environment and supports the formation of addition product
of S-alkyl derivatives of 2-aminocyclopentene-1-carbodithioic acid with
triphenylbismuth.

The corrected chemical shift values δ′15,16 and Hammet Taft Con-
stant σR◦17 for compounds 5 and 6 were found to be in the region of δ

−10.28 to −11.15 and δ −0.46 to −0.50, respectively, in the triphenyl-
bismuth(III) S-alkyl esters of 2-aminocyclopentene-1-carbodithioic acid
addition complexes. These negative values indicate an electron release
from bismuth atom towards phenyl ring through dπ -pπ conjugation
and poor donor capability of bismuth atom in these compounds. Also, a
perusual of IR and NMR spectral data clearly shows the monodentate
nature of the ligand moiety in compounds 5 and 6. These two complexes
appear to have to follow distorted trigonal bipyramidal geometry with
two phenyl groups occupying apical positions trans to one another, and
the ligand moiety along with one phenyl group and the lone pair occu-
pying trigonal basal plane. A similar mode of bonding was reported in
case of In(III),7 As(III),8 Sb(III),8,9 and Bi(III).10
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New Organic Derivatives of Organobismuth(III) 2463

FIGURE 2 Structure of , where R = C
α

H3 (5),

C
α

H2N(C
β

H2C
γ

H3)2 (6).

EXPERIMENTAL

Precautions were taken to exclude moisture throughout the experi-
ment. All the chemicals used were of reagent grade and were purified be-
fore use. The ligands18 and triphenylbismuth19 were synthesized by the
literature method. Bismuth was estimated by literature method.20 Ni-
trogen and sulphur was determined20 by Kjeldhal’s20 and Massenger’s
methods,20 respectively. IR spectra were recorded as nujolmull or CSI
pallets on a Perkin-Elmer-577 and Nicolet DX-FTIR spectrophotome-
ter. 1H and 13C NMR spectra were recorded in CDCl3 solutions using
tetramethylsilane (TMS) as an internal reference on a JEOL FX-90Q
or Bruker DPX-300 MHz NMR spectrometer.

Synthesis of Phenylbismuth(III)
2-Aminocyclopentene-1-carbodithioic Acid
and Its N-alkyl Derivatives: Synthesis of

A benezene solution of triphenylbismuth(III) (1.49 g, 3.38 mM) in 20 ml
benezene and 2-aminocyclopentene-1-carbodithoic acid (dissolved in
20 ml benzene) (1.08 g, 6.76 mM) was mixed and refluxed for ∼4 h.
After the completion of the reaction, the excess of solvent was removed
under reduced pressure. The crude product was recrystallized from
benzene/pet. ether (40–60◦C) mixture, yielding brown solid compound
(yield 90%). The compound on analysis was found to have Bi = 33.99,
N = 4.01, and S = 21.01% calculated for C18H21S4N2Bi, Bi = 34.68, N =
4.64, and S = 21.28%.
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2464 R. Rathore et al.

Synthesis of 1:1 Adduct of Triphenybismuth(III)
with S-Methyl Ester of 2-Aminocyclopentene-1-
carbodithioic Acid: Synthesis of

A benzene solution of triphenylbismuth(III) (0.20 g, 0.47 mM)
was added to a benzene solution of calculated amount of
[H(H)NC(CH2)3(S)SCH3] (0.08 g, 0.47 mM) in stiochiometric ratio. The
reaction mixture was stirred for ∼3 h at room temperature. On remov-
ing the excess solvent under reduced pressure a solid product was ob-
tained, which was purified by precipitating from chloroform/n-hexane
mixture. The compound on analysis was found to have Bi = 34.05%,
N = 2.27%, and S = 10.40%, calc. for C25H26NS2Bi, Bi = 34.06, N =
2.28%, and S = 10.45%.
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