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Abstract

Reaction of the vitamin K3 derivative menadione sodium bisulfite thiosemicarbazone (NaK3TSC) with chloro(triethylphosphine)gold(I)
afforded the complex [AuPEt3(K3TSC)]. This compound consists of discrete molecules in which the metal is almost linearly coordinated
to P and S. Preliminary in vitro screening showed significant anti-cancer activity, notably against the cisplatin-resistant cell line A2780cis.
� 2006 Elsevier Inc. All rights reserved.
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Vitamin K3 (menadione) is a synthetic member of the
vitamin K group, a loosely related set of fat-soluble
derivatives of 2-methyl-1,4-naphthoquinone. Menadione
sodium bisulfite (MSB) is a water-soluble derivative of
vitamin K3 that has significant anticancer properties [1].

Certain thiosemicarbazones and metal–thiosemicarba-
zone complexes also have antitumour activity [2], as do cer-
tain gold(I) phosphine derivatives [3] (it has been suggested
that the latter are prodrugs acting as vehicles for their
biologically active moieties [4]). MSB thiosemicarbazone
(NaK3TSC; Scheme 1) and a number of its complexes with
metals have been reported to posses antibacterial activity
[5]. To investigate the possibility that a complex of
NaK3TSC with a gold phosphine might inherit the biolog-
ical properties of its component moieties, possibly in a syn-
ergistic manner, in this work we prepared the new complex
[AuPEt3(K3TSC)], determined its structure by X-ray crys-
tallography, and initiated evaluation of its biological prop-
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erties. Although complexes of thiosemicarbazones with
organometallic derivatives of gold(III) have been described
previously [6], [AuPEt3(K3TSC)] is, as far as we know, the
first gold(I) complex with a thiosemicarbazone ligand.
[AuPEt3(K3TSC)] (Fig. 1) consists of discrete molecules
in which the gold(I) centre is coordinated almost linearly
to the K3TSC� sulfur [Au–S = 2.319(1) Å] and the phos-
phine phosphorus [P–Au–S = 172.15(5)�]. Unlike that of
most thiosemicarbazonates, the thiosemicarbazone chain
of [AuPEt3(K3TSC)] is not deprotonated, the charge of
the K3TSC� anion being due to loss of Na+ from the
MSB moiety. Perhaps because of this, the configuration
of the thiosemicarbazone chain is basically the same as in
NaK3TSC Æ 5H2O [3]. Nevertheless, S-metallation does
cause a partial shift towards the thiol form, lengthening
the C(1)–S(1) bond from 1.696(2) to 1.718(6) Å and short-
ening C(1)–N(2) from 1.358(2) to 1.343(7) Å [the change in
the C(1)–N(1) distance is close to the e.s.d.s.].

Intermolecular hydrogen bonds are observed between
the hydrogen atoms of the carbothioamide group and
two oxygen atoms in neighboring molecules, Fig. 2, one
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Fig. 2. Intermolecular hydrogen bonds (dotted line) in [AuPEt3(K3TSC)].

Table 1
In vitro cytotoxicity of NaK3TSC and [AuPEt3(K3TSC)]

Compound Cell line IC50 (lM)

Cisplatin A2780 0.51 ± 0.09
NaK3TSC A2780 273 ± 23
[AuPEt3(K3TSC)] A2780 0.45 ± 0.08

Cisplatin A2780cis 4.2 ± 0.6
NaK3TSC A2780cis 3732 ± 167
[AuPEt3(K3TSC)] A2780cis 0.40 ± 0.06

Fig. 1. X-ray crystal structure of the complex [AuPEt3(K3TSC)]. Principal
metal–ligand bond lengths (Å) and angles (�): Au–P 2.2692(15), Au–S(1)
2.319(1), C(1)–S(1)–Au 106.9(2), P–Au–S(1) 172.15(5).
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belonging to the bisulfite group and the other to the keto
group [N(1)–H(1)� � �O(1)# = 2.890(6), # = x, y + 1, z;
N(1)–H(2)� � �O(4)#2 = 2.865(6), #2 = �x, �y + 1, �z].
Additional hydrogen bonds, including the intramolecular
N(1)–H� � �N(3) bridge typical of undeprotonated thiose-
micarbazones, are included as Supplementary material.
No gold–gold interactions are observed (Au� � �Au =
5.848 Å), probably due to the bulk of the ligands. Both

the thiosemicarbazide chain and the naphthoquinone moi-
ety are rather planar (rms = 0.0135 and 0.1210, respec-
tively) and almost coplanar (dihedral angle 4.25�), the
cyclic fragment is mainly distorted around the carbon
atoms C(3) and C(4).

In keeping with the structural features of [AuPEt3(K3TSC)]
described above, its IR and Raman spectra show bands at
395 and 367 (366) cm�1 that are absent from the spectra of
the free ligand and can be ascribed to the m(Au–P) and
m(Au–S) stretching modes, respectively [7].

The 1H and 13C NMR spectra of the ligand and the gold
complex were recorded in DMSO-d6 solution and eluci-
dated by means of COSY 1H–1H and HMBC 1H–13C
experiments. Only the signals corresponding to the thio-
semicarbazide moiety are shifted from their positions in
the free ligand. As expected, the 1H spectrum of the com-
plex shows a singlet at 11.36 ppm due to the �N(2)H
proton, supporting the presence of this proton in solution.
The N(1)H2 protons give rise to two broad bands at 8.29
and 8.07 ppm in the spectrum of the free ligand and at
9.47 and 9.04 ppm in the spectrum of [AuPEt3(K3TSC)].
The difference in magnetic behaviour between these two
protons is attributable to the rotation of the amine group
around the C(1)–N(1) bond being restricted by both the
partial multiplicity of this bond and the intramolecular
N(1)–H� � �N(3) hydrogen bond (vide supra). The two
N(1)H signals coalesce and shift upfield when the ligand
spectrum is recorded at 343 K and that of [AuPEt3(K3TSC)]
at 370 K, the higher coalescence temperature for
[AuPEt3(K3TSC)] probably being due to a slight increase
in C(1)–N(1) bond order upon S-metallation (cf. the solid
state results discussed above). This metallation also affects
the C(1) signal, which shifts from 178.9 ppm in the free
ligand to 171.2 ppm in the complex. The shielding of this
nucleus is in keeping with the presence of a gold–sulphur
bond and the resulting partial thione-to-thiol evolution of
K3TSC� in [AuPEt3(K3TSC)] [8].

The 31P spectrum shows a single resonance at 39.4 ppm
that is characteristic of triethylphosphine gold(I) com-
pounds with a gold–sulphur bond [9]. The presence of this
bond in solution is also confirmed by the positions of the tri-
ethylphosphine signals in the 1H and 13C NMR spectra [10].

In a preliminary screening experiment we evaluated the
in vitro activity of the ligand and the gold complex against
the cisplatin-sensitive cell line A2780 and the cisplatin-
resistant line A2780cis [5] (see Table 1). Cisplatin was used
as the control compound. NaK3TSC had very little effect
on the viability of cisplatin-sensitive cells, and about 14
times less effect on the cisplatin-resistant line. By contrast,
the gold complex was as cytotoxic as cisplatin for A2780,
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and ten times more so for A2780cis. This possibly means
that the formation of the uncharged complex facilitates
the delivering of the K3TSC� anion to its biological target.
We are currently exploring the biological effects of ana-
logues with modified thiosemicarbazone ligands and for
gold centres with an oxidation state other than I.

In conclusion, we have synthesized the new compound
[AuPEt3(K3TSC)], characterized its structure, and explored
its in vitro cytotoxic activity. This seems to be the first
gold(I) complex containing a thiosemicarbazone ligand.
In the solid state, the gold atom is coordinated to the sulfur
atom of the thiosemicarbazone and the phosphorus atom
of the phosphine in an almost linear S–Au–P arrangement.
NMR data suggest that this arrangement probably remains
intact in DMSO solution. Preliminary screening for antitu-
mour activity suggests that whereas the K3TSC� ligand has
very little effect, that of [AuPEt3(K3TSC)] is very signifi-
cant and is not reduced by resistance to cisplatin.
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Appendix A. Supplementary data

Supplementary data associated with this article (details
of the synthesis and characterization of [AuPEt3(K3TSC)],
and antitumoral test data) can be found, in the online ver-
sion, at doi:10.1016/j.jinorgbio.2006.07.006.
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