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A series of triarylbismuth(V) di(N-p-toluenesulfonyl)aminoacetates with the formula (4-CH3C6H4SO2

NHCH2CO2)2BiAr3 (Ar C6H5, 4-CH3C6H4, 4-ClC6H4, 4-BrC6H4) were synthesized and charac-
terized by elemental analysis, IR, 1H NMR and mass spectra. The crystal structure of (4-
CH3C6H4SO2NHCH2CO2)2Bi(C6H4Cl-4)3 was determined and shows the bismuth to exist in a
distorted trigonal bipyramidal geometry. Four human neoplastic cell lines (HL-60, PC-3MIE8, BGC-
823 and MDA-MB-435) were used to screen these compounds. The results indicate that these
compounds at 10 µM show cytotoxicity. Copyright  2004 John Wiley & Sons, Ltd.
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INTRODUCTION

A large number of references describing the synthesis and
applications of R3BiX2 (R = alkyl, aryl; X = carboxylate) have
appeared in the literature.1 – 9 Bismuth compounds are less
toxic than those of their lighter congeners (P, As, Sb),10,11 and
their use in medicine has recently been reviewed.12,13 They
have been used for the treatment of a number of ailments
and, today, are primarily used clinically as antiulcer drugs.
Recently, the effectiveness of bismuth has been attributed to
its bactericidal action against Helicobacter pylori. The organism
implicated as the pathogen leading to gastric complaints can
be eliminated by bismuth therapy.14 – 19 From this, a clear
connection is established between antitumor activity and
bismuth compounds. The published data on the antitumor
activity of bismuth(V) compounds, however, are relatively
rather limited.8 Moreover, as we all know, amino acids are
the building blocks of proteins, which in turn are the basic
elements for all forms of life, and lead to a wide range
of biological activities. In order to study the influence of
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amino acid ligands at bismuth on their antitumor activity,
we have prepared a series of triarylbismuth(V) di(N-p-
toluenesulfonyl)aminoacetates. At the same time, we have
studied the nature of the bonding ability and structure of
these compounds.

EXPERIMENTAL

General
All the reactions involving metal halides were carried out
under an anhydrous and oxygen-free argon atmosphere.
Solvents were purified, dried, and stored by literature
methods. Elemental analyses were determined on a Yanaco
CHN Corder MT-3 elemental analyzer. IR spectra were
recorded on a Bruker Equinox 55 spectrometer in KBr
discs. 1H NMR spectra were measured on a Bruker AC-
200 spectrometer in CDCl3 solution with tetramethylsilane as
internal standard. Mass spectra (ESI) were recorded on an
APEXII FT-ICR mass spectrometer.

N-p-Toluenesulfonylaminoacetic acid was synthesized by
the method reported by Jensen and Buchardt.20 Ar3BiBr2

was prepared by the method reported by Supniewski
and Adams.2 Ar3Bi was converted into the corresponding
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dibromide by direct bromination, and the solid product
was recrystallized from chloroform–methanol. To prepare
Ar3BiCO3, an adaptation of the method of Barton et al.21 was
used.

Synthesis of the title compounds
To a boiling solution of N-p-toluenesulfonylaminoacetic
acid (1 mmol) in 50 ml of acetone was added 0.5 mmol of
Ar3BiCO3. The reaction mixture was refluxed for 4 h, cooled
and filtered. The filtrate was evaporated in vacuo. The solid
obtained was recrystallized from CH2Cl2 –hexane. The yields,
melting points and elemental analyses of the compounds
prepared are given in Table 1.

4-CH3C6H4SO2NHCH2COOH + Ar3BiCO3

Reflux−−−→(4-CH3C6H4SO2NHCH2CO2)2BiAr3

Ar Ph (1); 4-CH3C6H4 (2); 4-ClC6H4 (3); 4-BrC6H4 (4).

Crystallography
Diffraction measurements for a 0.16 × 0.18 × 0.24 mm3 sam-
ple of 3 were carried out at 298 K on a Bruker Smart 1000
diffractometer (graphite-monochromatized Mo Kα radiation,
λ = 0.710 73 Å). The intensities were corrected for absorp-
tion using the SADABS program, the structure was solved
by heavy-atom methods (SHELXS-97)22 and refined by a
full-matrix least-squares procedure based on F2(SHELXL-
97).23 Non-hydrogen atoms were refined with anisotropic
displacement parameters. Crystal data: C36H32BiCl3N2O8S2,
M = 1000.09, triclinic, P1, a = 10.124(3), b = 13.189(4), c =
16.061(4) Å, α = 75.175(4), β = 86.019(4), γ = 70.874(4)◦, V =
1958.5(10) Å

3
, Z = 2, 7895 unique data (θmax 26.4◦), 6763 data

with I ≥ 2σ(I), R = 0.029 (obs. data), wR = 0.075 (all data).
CCDC no. 223 063.

Cytotoxicity screening
The HL-60 cell lines and BGC-823 cell lines were obtained
from the Institute of Cancer of Tianjin. Other cell lines were
derived in the National Research Laboratories of Natural and
Biomimetic Drugs of Peking University. All cell lines were
grown in RPMI 1640 medium with 10% fetal bovine serum,
in 5% CO2 atmosphere.

The cytotoxic activity of these compounds was assayed by
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium

bromide (MTT)24 or sulforhodamine B (SRB)25 methods.
The cell lines, human immature granulocyte leukemia (HL-
60), human prostatic carcinoma (PC-3MIE8), human gastric
carcinoma (BGC-823) and human mammary carcinoma
(MDA-MB-435) were used for screening. All cell lines were
seeded into 96-well plates at a concentration of about
50 000 cells/ml and were incubated in 5% CO2 atmosphere
at 37 ◦C for 24 h. Then, 20 µl of the sample (organobismuth
complex) were added and further incubation was carried out
at 37 ◦C for 48 h. 50 µl of 0.1% MTT or SRB (Sigma) was added
to each well. After 4 h incubation, the culture medium was
removed, and 150 µl of isopropanol was added to dissolve
the insoluble blue formazan precipitates produced by MTT
reduction. The plate was shaken for 20 min on a plate shaker
to ensure complete dissolution. The optical density of each
well was measured at a wavelength of 570 nm (MTT) or
540 nm (SRB). The cytotoxicity was determined three times
in independent experiments, using three replicate wells per
toxicant concentration (10, 1, 0.1 µM) and the mean optical
densities obtained for drug-treated cells at each concentration
as a percentage of that of untreated cells.

RESULTS AND DISCUSSION

The title compounds were prepared under mild condition. All
compounds are colorless crystalline solids and stable under
ordinary conditions. They are soluble in organic solvents
such as benzene, toluene, chloroform, or dimethyl sulfoxide,
but are not soluble in water, ether, methanol, hexane, or
petroleum ether.

IR spectra
The IR spectra of these compounds were recorded in the range
of 4000–400 cm−1. The absorption bands can be assigned on
the basis of earlier publications, and the important data are
listed in Table 2. In the IR spectra of the title compounds,
the carboxylate bands are observed in the characteristic
regions: νasy(CO2) between 1645 and 1621 cm−1 and νsym(CO2)

between 1387 and 1330 cm−1. In addition, the vibration
frequencies of Bi–C deformations appear between 443 and
479 cm−1, and this is consistent with the literature.26 – 29

1H NMR data
The 1H NMR data of the title compounds are listed in
Table 3. The protons of C6H4SO2 and the aromatic protons

Table 1. Yields and elemental analyses of the compounds

Elemental analysis: found (calc.) (%)

Compounds Yield (%) M.p (◦C) C H N Formula for calc.

1 79.6 174–176 48.20 (48.22) 3.96 (3.93) 3.15 (3.12) C36H35BiN2O8S2

2 76.7 188–189 49.85 (49.89) 4.42 (4.40) 2.85 (2.98) C39H41BiN2O8S2

3 65.2 170–172 43.43 (43.23) 3.44 (3.23) 3.00 (2.80) C36H32BiCl3N2O8S2

4 81.1 100–102 37.96 (38.15) 2.87 (2.85) 2.63 (2.47) C36H32BiBr3N2O8S2
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Table 2. Important IR data of the compounds (cm−1)

Compound νasy(CO2) νsym(CO2) �ν(CO2) ν(Bi–C)

1 1641 1330 311 443
2 1645 1334 311 475
3 1645 1387 258 479
4 1621 1374 247 473

associated with bismuth have both been observed in the range
δ7.11–8.05 ppm. All of the protons in the compounds have
been identified, and the total number of protons calculated
from the integration curve tallies with what was expected
from the molecular formula.

Mass spectra
The mass spectra data of compound 3 were recorded.
The molecular ion peak (m/z 1000) is observed. The
[4-CH3C6H4SO2NHCH2CO2Bi(C6H4Cl-4)3]+ (m/z 772) is the
base peak.

Cytotoxicity
The cytotoxic activity of the title compounds is listed
in Table 4. The results of bioassay show that these
compounds exhibit certain cytotoxicities against the four
cancer cells in vitro. The compounds that include the bismuth
moiety have a relatively higher cytotoxic activity than
N-p-toluenesulfonylaminoacetic acid. The cytotoxicity data
indicate that the nature of the aryl affects the cytotoxic activity.
For example, for Ar = C6H5, compound 1 has a rather high
cytotoxic activity against PC-3MIE8 cells.

Crystal structure of
(4-CH3C6H4SO2NHCH2CO2)2Bi(C6H4Cl-4)3
The colorless crystal of (4-CH3C6H4SO2NHCH2CO2)2

Bi(C6H4Cl-4)3 was obtained from a CH2Cl2 –hexane solution.
The molecular structure with the atom numbering scheme
is depicted in Fig. 1. Selected bond distances and angles are
listed in Table 5.

Carboxylates are versatile ligands, and they can be either
unidentate or bidentate, or intermediate between these. The
Bi–C bond distances of compound 3, ranging from 2.185(4)
to 2.196(4) Å, are comparable to those in Ph3Bi(OCOCF3)2

and Ph3Bi(OCHO)2.5,6 The Bi–O1 and Bi–O5 distances
(2.274(3) Å and 2.280(3) Å respectively) are comparable to
the corresponding distances in Ph3Bi(OCOCF3)2 (2.308(7),

Table 4. Cytotoxicity of the title compounds in vitro

Inhibition (%)a (10 µM)

Compound HL-60 PC-3MIE8 BGC-823 MDA-MB-435

1 44.2 92.5 51.9 37.7
2 37.3 27.3 16.7 28.7
3 31.2 40.7 32.0 25.1
4 28.5 17.9 29.6 15.2
Ab 12.6 −0.2 1.5 4.4
Bc 14.2 10.2 16.0 13.8

a Inhibition (%) = (A1 − A2)/A1 × 100. Drug is active when inhibi-
tion at 10 µM concentration is ≥50%. A1: the mean optical density of
untreated cells; A2: the mean optical density of drug-treated cells.
Negative values indicate that the mean optical density of drug-treated
cells (A2) is greater than that of untreated cells (A1), i.e. the drug
promoted growth of some tumor cells.
b A: 4-CH3C6H4SO2NHCH2CO2H.
c B: Cisplatin, whose concentration is 3.3 µM.

Figure 1. The molecular structure of (4-CH3C6H4SO2NHCH2-
CO2)2Bi(C6H4Cl-4)3.

2.309(7) Å) and Ph3Bi(OCHO)2 (both 2.270(8) Å). The Bi–O2
and Bi–O6 distances (3.144(8) Å and 2.905(8) Å respectively)
are rather different from the corresponding distances in
Ph3Bi(OCOCF3)2 (2.980(7) Å and 2.981(7) Å respectively) and
in Ph3Bi(OCHO)2 (both 2.91(1) Å). The C19–Bi–C31 angle,

Table 3. 1H NMR data of the compounds (ppm)

Compound NH CH2CO CH3 ArC6H4

1 4.93 (2H, s) 3.42–3.44 (4H, d) 2.34 (6H, s) 7.11–7.93 (23H, m)
2 4.92 (2H, s) 3.40–3.43 (4H, d) 2.35 (6H, s) 7.13–8.00 (20H, m), 2.40 (CH3, 9H, s)
3 4.92 (2H, s) 3.43–3.45 (4H, d) 2.38 (6H, s) 7.16–8.05 (20H, m)
4 4.86 (2H, s) 3.43–3.45 (4H, d) 2.38 (6H, s) 7.17–8.02 (20H, m)
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Table 5. Selected bond distances and bond angles of
compound 3

Bond Distance (Å) Bond Angle (◦)

Bi–C19 2.193(5) C19–Bi–C31 134.70(17)
Bi–C25 2.196(4) C19–Bi–C25 116.06(17)
Bi–C31 2.185(4) C25–Bi–C31 109.24(17)
Bi–O1 2.274(3) C19–Bi–O1 92.04(15)
Bi–O5 2.280(3) C25–Bi–O1 84.77(15)
N1–C2 1.455(6) C31–Bi–O1 92.30(15)
N1–S1 1.614(4) C19–Bi–O5 92.46(15)
O1–C1 1.291(5) C25–Bi–O5 84.30(14)
O2–C1 1.215(5) C31–Bi–O5 91.60(15)
O3–S1 1.430(4) O1–Bi–O5 169.07(11)
O4–S1 1.431(4) O3–S1–O4 120.2(2)
S1–C3 1.766(5) C1–O1–Bi 114.7(3)

O1–C1–O2 125.8(4)

which is affected by the close approach of the O1 and O5
atoms, is increased to 134.70(17)◦, while the C25–Bi–C31
and C19–Bi–C25 angles are decreased to 109.24(17)◦ and
116.06(17)◦ respectively. Therefore, monomeric 3 comprises
a distorted trigonal bipyramidal geometry with distortions
arising as a result of the close approach of the weakly
interacting O1 and O5 atoms.
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