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A mixture of pyridoxalrhodanine, triethylphosphinegold(I) chloride,
and sodium methoxide in methanol unexpectedly afforded the
azacoumarin complex [Au(TS)(PEt3)] [HTS ) 5-(hydroxymethyl)-
8-methyl-3-thiol-7-azacoumarin], which was characterized by X-ray
diffractometry. Its crystals consist of independent molecules in which
the metal atom is bound to the azacoumarin [Au−S ) 2.9458(18)
Å] and the phosphine [Au−P ) 2.262(2) Å] in an almost linear
arrangement [P1−Au1−S1 ) 176.93(7)°]. The complex showed
better in vitro antitumor activity than cisplatin against the cisplatin-
resistant cell line A2780cis.

Gold(I) coordination compounds have been attracting
considerable interest, mainly because of their applications
in medicine as antiarthritic1 and antitumor2 agents. There is
also growing interest in their optical properties because of
the phosphorescence exhibited by some systems, which is
potentially exploitable in organic light-emitting devices.3

Among the most promising gold(I) derivatives for cancer
treatment are the phosphinegold(I) thiolates [Au(RS)(PR3)],
which are structurally related to the antiarthritic drug
auranofin (I).4

Because their antitumor activity is influenced by the nature
of their thiolate ligand (as well as by their phosphine ligand),4

we decided to explore the anticancer behavior of [Au(RS)-
(PEt3)] complexes containing unconventional and/or biologi-
cally active thiols.5 Pyridoxalrhodanine (HPLRod; see
Scheme 1), which we expected to evolve to its thiol form
under deprotonation and coordination to the metal,6 was our
first choice because its 5′-O-phosphono derivative has proven
chemotherapeutical potential.7 However, when HPLRod was
reacted with [AuCl(PEt3)] and sodium methoxide in MeOH
(vide infra), the product was not the expected complex [Au-
(PLRod)(PEt3)] but [Au(TS)(PEt3)] [HTS ) 5-(hydroxym-
ethyl)-8-methyl-3-thiol-7-azacoumarin; see Scheme 1].8
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(8) A solution of HPLRod (0.08 g, 0.28 mmol) in MeOH (5 mL) was
brought to pH∼9.2 by the addition of NaOMe, after which 0.10 g
(0.28 mmol) of [AuCl(PEt3)] was added, and the mixture was stirred
for 2 h atroom temperature. Storage of the resulting red solution in
the refrigerator for 2 days afforded yellow crystals that were filtered
out, vacuum dried, and identified as [Au(TS)(PEt3)]. Yield: 57%.
Mp: 170 °C. Anal. Calcd for C16H23AuNO3PS{[PEt3Au(TS)]}: C,
35.6; H, 4.4; N, 2.6; S, 5.9. Found: C, 35.5; H, 4.2; N, 2.6; S, 5.8. IR
(cm-1): ν(OH) 3486s,ν(CdO) 1696s,ν(CdC) + ν(CdN) 1567m,
ν(ring) 1519m,ν(CdS) 1078m,ν(Au-P) 393w, ν(Au-S) 384w.
LSIMS(+) [PEt3Au(TS)H]: 538.1 (10.8%).1H NMR (CDCl3, ppm):
δ[C4H] 8.29s(1),δ[C6H] 8.22s(1),δ[C5aH2] 4.80s(2),δ[OH] 4.77br-
(1), δ[C8aH3] 2.64s(3),δ[P-C20H2] 1.86dc(6) [3J(1H-1H) ) 7.6 Hz,
2J(1H-31P) ) 10.0 Hz], δ[P-C21H3] 1.22dt(9) [3J(1H-1H) ) 7.6
Hz, 3J(1H-31P) ) 18.6 Hz]. 13C{1H} NMR (CDCl3, ppm): δ[C2]
165.1,δ[C9] 145.7,δ[C5] 143.4,δ[C6] ) 142.0,δ[C4] 132.7,δ[C8]
126.7,δ[C3] not observed,δ[C10] 124.0,δ[C5a] 60.1,δ[C20] 18.0d
[1J(13C-31P) ) 35.1 Hz], δ[C8a] 18.5,δ[C21] 9.0. 31P{1H} NMR
(CDCl3, ppm): 37.3.
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A plausible mechanism for the evolution of the ligand in
this reaction is shown in Scheme 1. The hydrolysis of
HPLRod to anR-mercaptopropenoate in the presence of
sodium methoxide (which is known to occur to other
rhodanine derivatives9) will be followed by a nucleophilic
attack on the carboxyl carbon by the deprotonated-OH
group of the pyridine ring, which would lead to 7-azacou-
marin and thiocyanic acid10 through a process resembling
the previously reported transformation of 3-(2-hydroxyphe-
nyl)-2-sulfanylpropenoic acid to 3-sulfanylcoumarin in the
presence of SnPh3OH.11

The present reaction occurs to some extent even in the
absence of gold(I): the negative-ion electrospray ionization
time-of-flight mass spectrometry (ESI-TOF/MS) spectrum
of an equimolar solution of HPLRod and NaOMe in
methanol showed a signal atm/z (%) 222 (62) that is
attributable to the TS- anion. However, in these conditions,
the base peak in the MS spectrum corresponds to PLRod-

and no azacoumarin can be isolated from the solution,
whereas the ESI-TOF/MS spectrum of a 1:1:1 mixture of
HPLRod, [AuCl(PEt3)], and NaOMe has a base peak
attributable to the azacoumarin species [Au(TS)PEt-2H]. It
is therefore likely that the presence of the triethylphosphi-
negold(I) cation stabilizes the TS- anion by interacting with
the sulfur atom.

This reaction is noteworthy because it prepares both the
ligand and the complex in a one-pot reaction; the synthesis
of azacoumarins is not easy,12 and [Au(TS)(PEt3)] is, as far
as we know, the first gold-coumarin complex to have been
isolated and identified structurally. Furthermore, this ligand
may have interesting optical13 properties, and the cytotoxic
effects of azacoumarins are also beginning to be explored14

(and in the present case may be synergically reinforced by
the presence of the phosphinegold moiety).

Recrystallization of [Au(TS)(PEt3)] from CHCl3 afforded
crystals suitable for X-ray diffractometry that proved to be
[Au(TS)(PEt3)]‚CHCl3 (Figure 1).15

In these crystals, the TS- anion coordinates to the metal
through an Au-S bond that is practically collinear with the
Au-P bond [Au-S ) 2.310(2) Å, Au-P ) 2.262(2) Å,
and S-Au-P ) 176.93(7)°].

The azacoumarin rings are planar [root mean square)
0.0186 and 0.0031] and form a dihedral angle of 1.72(0.27)°,
and the bond lengths and angles in this moiety differ by less
than 0.05 Å and 1°, respectively, from those found in an
iminoazacoumarin.18 The length of the C3-S1 bond in the
present compound, 1.735(8) Å, suggests that the ligand
evolves only partially to its thiol form upon metalation. The
molecules of [Au(TS)(PEt3)] are arranged in the crystal lattice
in layers connected by intermolecular hydrogen bonds [O3H‚
‚‚O2# ) 0.82, 2.06, and 2.839(7) Å and 157.6° and O3H‚
‚‚S3#) 0.82, 2.77, and 3.363(6) Å and 130.6°, where #)
-x + 1, y + 1/2, -z + 3/2].

The IR bands assigned toνAu-P (393 cm-1) and νAu-S

(384 cm-1) are at positions similar to those reported in other
gold(I) thiolates.19 The NMR spectra8 recorded in CDCl3
corroborate the evolution of HPLRod to the TS- anion.

In the solid state, [Au(TS)(PEt3)] is only slightly lumi-
nescent at room temperature and slightly more at 77 K.

In these conditions and in solution in CH2Cl2 or MeOH
at 77 K, its emission spectrum shows one or two bands in
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Scheme 1. Possible Evolution of HPLRod during the Formation of
the Gold(I) Complex [Au(TS)(PEt3)] [HTS )
5-(hydroxymethyl)-8-methyl-3-thiol-7-azacoumarin]

Figure 1. Molecular structure of [Au(TS)(PEt3)]‚CHCl3 in its crystal form.
Selected bond lengths (Å) and angles (deg): Au1-P1 2.262(2), Au1-S1
2.310(2), C3-S1 1.735(8), O3-C5A 1.414(9), N7-C8 1.339(10), N7-
C6 1.360(10), C9-C8 1.381(11), C9-C10 1.387(10), C9-O1 1.404(9),
C6-C5 1.377(11), C10-C5 1.415(10), C10-C4 1.436(11), C8-C8A
1.490(11), C5A-C5 1.498(10), C2-O1 1.363(9), C2-O2 1.212(9), C2-
C3 1.452(10), C4-C3 1.377(10); P1-Au1-S1 176.93(7), C3-S1-Au1
106.1(3).
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the 600-700 nm region (see Table 1).20 These bands may
be due to intraligand transitions because a solution of NaTS
prepared in situ by the reaction of NaOMe with HPLRod
(see above) shows a single band at about 600 nm. A higher-
energy emission band that appears between 425 and 517 nm
when the complex is excited at ca. 300 nm in CH2Cl2 at
room temperature or in MeOH at room temperature or 77 K
may be due to a ligand-metal charge transfer from the
thiolate sulfur atom to the gold atom; such charge-transfer
processes have often been observed in gold thiolate deriva-
tives.21,22

Preliminary screening of [Au(TS)(PEt3)] for in vitro
anticancer activity against the cisplatin-sensitive cell line
A2780 and the cisplatin-resistant line A2780cis was per-
formed using previously established procedures and cisplatin
as the reference drug.5 Its IC50 values (Table 2) show [Au-
(TS)(PEt3)] to be more effective than cisplatin against both
cell lines, A2780cis especially. Note that for gold compounds
in vitro activity seems to be a necessary condition for activity
in vivo, albeit not a sufficient one.4

In brief, we have described a one-pot reaction in which
HPLRod evolves to give a 3-thiol-7-azacoumarin-gold(I)
complex, the structure of which has been determined by
X-ray diffractometry. This complex is weakly luminescent
in the solid state but exhibits strong and complex lumines-
cence behavior in solution. In preliminary in vitro screening
experiments, it showed promising cytotoxicity against the
cisplatin-resistant cell line A2780cis.

CCDC 642394 contains supplementary crystallographic
data for the structures described in this paper. These data
can be obtained free of charge from the Cambridge Crystallo-
graphic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

IC700861A

(20) Emission and excitation spectra were recorded at room temperature
and 77 K from finely pulverized mixtures with KBr and from 10-3 M
solutions in methanol and dichloromethane, using a Jobin-Yvon
Horiba Fluorolog FL-3-11 spectrometer with band pathways of 3 nm
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Table 1. Emission and Excitation Maxima for [Au(TS)(PEt3)] (in
Nanometers)

298 K 77 K

λemis λexc λemis λexc

solid 625, 670 375 650 375, 425
CH2Cl2 440 325, 425 650, 675 375, 425
methanol 425 330 517 330

525, 575 475 650, 700 475

Table 2. In Vitro Activity of [Au(TS)(PEt3)] against A2780 and
A2780cis Cells (IC50, µM)

A2780 A2780cis

[Au(TS)(PEt3)] 0.30 0.59
cisplatin 0.51 4.2
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