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a b s t r a c t
2-Thiophene N(4)-methylthiosemicarbazone (HL) and its Ag(I) complex of formula [Ag6(L)6⋅ 4DMF] 1 have
been synthesized and characterized by elemental analysis, IR spectra and single-crystal X-ray diffraction
studies. The silver(I) complex 1 with a 1:1 metal–ligand molar ratio is an unusual hexanuclear cluster with 6
silver atoms in different environments: four silver atoms of them are considered to be 3-coordinate form,
which are coordinated by two thiolate sulfur atoms and one imine nitrogen and the other two silver atoms
are considered to be 4-coordinate form, which are coordinated by three thiolate sulfur atoms and one imine
nitrogen, with four thiolate sulfur bridging two silver atoms and two thiolate sulfur bridging three silver
atoms. Biological studies, carried out in vitro against bacteria, fungi and SMMC-7721 liver cancer cell line,
respectively, have shown that the free ligand and the title complex show distinct difference in the biological
property.
© 2010 Elsevier B.V. All rights reserved.

Thiosemicarbazones and their transition metal complexes have
received considerable attention in chemistry and biology, primarily
because of their marked and various biological properties [1–6]. The
biological activities of thiosemicarbazones often depend on the parent
aldehyde or ketone. On the other hand, the biological properties of
metal thiosemicarbazones often differ from those of either ligands or
the metal ions which are considered to be related to metal ion
coordination [7–9]. In some cases the highest in vivo activity is
associated with a metal complex rather than the parent ligand and
some side effects may decrease upon complexation [10–12]. In
addition, thiosemicarbazones are versatile ligands that can coordinate
as neutral ligands or in the deprotonated form and are ﬂexible spacers
with potential multiple binding sites that can be used to construct
coordination polymers with multiple dimensions and various topologies[13,14]. Their coordinative behaviour markedly depends on the
transition metal ions employed. More importantly, the design of silver
(I) complexes has attracted particular attention due to their
fascinating structures, photoluminescent properties, biological and
pharmacological activities, such as antibacterial and antifungal
properties [15–20].
In the recent years we have been working on the structural and
biological properties of heterocyclic thiosemicarbazones and their
metal complexes [21]. After a careful literature search, we can afﬁrm
that thiosemicarbazone silver(I) complexes are scarce [22–24].
Therefore, it seemed important for us to fulﬁl this work.
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As a part of our ongoing studies, in the present paper, we describe
synthesis, IR spectra and single-crystal X-ray crystal structures of 2thiophene N(4)-methylthiosemicarbazone (Scheme 1) and its Ag(I)
complex of formula [Ag6(L)6⋅4DMF] 1. Biological studies of the free
ligand and the title complex were carried out in vitro against bacteria,
fungi and SMMC-7721 liver cancer cell line, respectively.
The ligand HL was synthesized by reacting thiophene-2-carboxaldehyde and 4-methyl-3-thiosemicarbazide (1:1 molar ratio) in
ethanol [25]. Complex 1 was synthesized by reacting 2-thiophene N
(4)-methylthiosemicarbazone and AgNO3 (1:1 molar ratio) in ethanol
[26].
Single-crystal X-ray analysis [27–29] reveals that the HL crystallizes in monoclinic system, with space group P21/c. As shown in Fig. 1,
the molecule exists in the E conformation around the N(2)–C(2) bond.
From the imine and the thioamide bond distances, along with the rest
of the structural parameters of 2-thiophene N(4)-methylthiosemicarbazone, we may conclude that the ligand exists in thione form in its
solid state as observed in other free unsubstituted thiosemicarbazides
[30,31]. On the other hand, the molecules of 2-thiophene N(4)methylthiosemicarbazone are held together in the crystal packing
through an extended network of intermolecular hydrogen bonds
involving the amino nitrogen atom N(1), the hydrazine nitrogen atom
N(2) and the sulfur atom S(1) [N(1)–H(1A)···S(1) 3.536 Å ; x, −y +
3/2, z-1/2; N(2) –H(2A) ··· S(1) 3.381 Å ; −x,−y + 1, −z](Fig. 2).
Single-crystal X-ray analysis [32] reveals that complex 1 crystallizes in triclinic system, with space group P−1. As shown in Fig. 3, the
structure of complex 1 consists of six silver atoms, six molecules of
ligand which are each singly deprotonated and four DMF solvate
molecules. Four silver atoms of them are considered to be 3-
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Scheme 1. 2-Thiophone N(4)-methylthiosemicarbazone, HL.

Fig. 1. Crystal structure of HL with atomic numbering scheme. Selected bond
lengths (Å) and angles (°): S(1)–C(2) 1.686(3), N(2)–N(3) 1.373(3), N(1)–C(1)
1.440(4), N(1)–C(2) 1.321(4), N(2)–C(2) 1.350(4), N(3)–C(3) 1.282(4) and C(3)–N
(3)–N(2) 116.4(2), C(2)–N(2)–N(3) 119.9(2), N(1)–C(2)– N(2) 117.3(2), C(2)–N(1)–C
(1) 123.8(3), N(1)–C(2)–S(1) 123.8(2).

coordinate form, which are coordinated by two thiolate sulfur atoms
and one imine nitrogen and the other two silver atoms are considered
to be 4-coordinate form, which are coordinated by three thiolate
sulfur atoms and one imine nitrogen, with four thiolate sulfur
bridging two silver atoms and two thiolate sulfur bridging three
silver atoms. The two six-membered Ag3S3 rings adopt a chair
conﬁguration stacked one above the other and linked together by
two bridging AgS units, while the two six-membered Ag3S3 rings of
[Ag6(L1H)6] with a wheel-type conformation were linked together by
6 bridging NCS units of the L1H ligands [24a]. Therefore, the complex 1
under the analogous conditions contains an unusual hexanuclear
silver cluster [23]. The central core Ag2S2 is almost square planar(S–
Ag–S, Ag–S–Ag, 87.43°, 92.57°). Within the ring systems the Ag···Ag
distances are 2.966(1), 2.993(1) and 3.197(1) Å, these distances are
similar to that in metallic silver (2.889 Å), shorter than the sum of the
van der Waals radii of two silver atoms (3.44 Å) [22], suggesting the
existence of some metal–metal interaction between the silver atoms.
The coordination of a potentially tridentate thiosemicarbazone in
silver(I) complex without using its thiophene sulfur is unusual. It is
interesting to compare the structure of the ligand in the free state and
in the complex 1. The largest difference may be due to the distance
around atom C(2). In the free ligand, the bond distances of C(2)–N(2)
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of 1.35 Å and C(2)–S(1) of 1.69 Å suggest that C(2)–N(2) is the single
bond and C(2)–S(1) is the double bond, while in the complex 1, the
bond distances of C(2)–N(2) of 1.31 Å and C(2)–S(1) of 1.78 Å show
that C(2)–N(2) is the double bond and C(2)–S(1) is the single bond
[21b]. These results indicate the presence of the Ag–S–Ag, formed by
the elongation of the –NH–C = S group in the free ligand to –N = C–S–,
and the ligand coordinates to the metal through the sulfur after
deprotonation. The Ag–N bond distance is 2.420(1) Å, similar to those
found in the complexes of Ag(I) and nitrogen-containing heterocyclic
ligands [33]. Each thiolate sulfur atom bridges asymmetrically silver
atoms with Ag–S bond lengths of 2.467(1) and 2.568(1) Å, in the same
range as other polynuclear silver complexes [23,34–36].
Since the thiosemicarbazone moieties have both the hydrogen
bond donors (and/or acceptors), the species provide the possibility to
form hydrogen bonds in the crystal. As shown in Fig. 4, the oxygen
atoms in the DMF molecules each interact with hydrogen atoms from
the thioamide groups of different molecules to form the hydrogen
bonding. The separations for N(1)···O(1) , N(4)···O(1) (symmetry
code A: −x +1, −y + 1, −z) and N(7)···O(1) (symmetry code A: x +
1, y, z) are 3.003, 3.126 and 3.087 Å with the N–H···O angles being
147.4, 156.3 and 163.4°, respectively.
The infrared spectral bands most useful for determining the mode
of coordination of 2-thiophene N(4)-methylthiosemicarbazone are
the ν(C = N) and ν(C = S) vibrations. The ν(C = N) band of the ligand
and the complex is found at 1601 and 1577 cm− 1, respectively. The
decrease in the frequency of this band in the spectra of the complex is
an evidence for the coordination via the azomethine nitrogen atom
[37]. In the free ligand, a band at 858 cm− 1 is assigned to ν(C = S),
whereas in the complex 1 this band is found to be shifted to lower
frequency (822 cm− 1), indicating the coordination of sulfur to the
silver center. These observations have also been conﬁrmed by X-ray
single-crystal structure analysis.
In view of the antimicrobial activity of thiosemicarbazone [38–40],
we have tested the ability of the parent ligand and its silver complex
against representative bacteria and fungi by the disc diffusion method
[41,42]. Based on the minimum inhibitory concentration (Table 1),
generally, the title two compounds display moderate antibacterial effect
and more inhibitory properties against Gram positive bacteria than
against Gram negative bacteria. In addition, the free ligand showed
enhanced activity compared to its silver complex. In contrast, both the
ligand and the title complex exert a poor growth inhibition against fungi.
Detailed studies of cytotoxicity mechanisms are in progress.
IC50 values (compound concentration that produces 50% of cell
death) were calculated for the free ligand and the title complex
against liver cancer SMMC-7721 cell lines [43]. Complex 1 exhibited

Fig. 2. Molecular packing of HL. Dashed lines indicate hydrogen bonds.
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Fig. 3. Crystal structure of complex 1 with atomic numbering scheme, solvent molecules and all hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles
(°): Ag(1)–N(3) 2.326(4), Ag(1)–N(5) 2.420(1), Ag(2)–N(6) 2.324(4), Ag(1)–S(1) 2.496(2), Ag(2)–S(1) 2.467(1), Ag(2)–S(3) 2.568(1), S(1)–C(2) 1.778(5), S(3)–C(9) 1.745(5), S
(5)–C(16) 1.780(5) and N(3)–Ag(1)–S(5) 135.0(1), N(3)–Ag(1)–S(1) 77.30(11), N(5)–Ag(1)–S(1) 147.4(1), S(1)–Ag(2)–S((3) 162.3(1), S(3)–Ag(3)–S(5) 125.7(1), Ag(2)–S(1)–
Ag(1) 73.40(4), Ag (3)–S(3)–Ag(2) 79.59(4), Ag(1)–S (5)–Ag(3) 74.46(4).

Fig. 4. Hydrogen bond in dashed lines in complex 1.

signiﬁcant antitumor activity with IC50 = 13.2 μM while the free
ligand had no antitumor activity at all. The distinct difference in the
antitumor potency of the free ligand and the title complex further
justiﬁes the purpose of this study. A thorough investigation regarding
the toxicity and biological effects of the title silver complex is essential
for medical practice as a metal-based drug.
In summary, 2-thiophene N(4)-methylthiosemicarbazone and its
hexanuclear Ag(I) complex were synthesized and fully characterized. The
title two compounds show distinct difference in the biological property.
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Table 1
Antibacterial and antifungal activities of the tested compounds.
Microorganism

B. subtilis
S. aureus
A.tumefaciens
E.coli
S. typhimurium
P.aeruginosa
A.niger
M.mucedo
P.oxalicum
C.lusitaniae
C.albicans
a

No inhibition or MIC N 2 mg/mL.

MIC mg/mL
HL

1

0.25
0.25
0.25
1.0
1.0
0.25
0.5
–
–
–
1.0

0.5
0.5
1.0
–a
1.0
1.0
–
–
–
–
–
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Appendix A. Supplementary data
CCDC 770639 and 770640 contain the supplementary data for this
paper. These data can be obtained free of charge from the Cambridge
Crystallographic Center via www.ccdc.cam.ac.uk/data_request/cif.
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