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The biological activity of gole-sulfur complexes is well

established and has led to the development of highly effective
antiarthritis drugs, as well as complexes that show antitumor

activity and inhibition of the HIV virus. However, the targets

and mechanisms of action of gold complexes remain elusive.

Since rheumatoid arthritis has an oxidative patholbgyve have

9225

been studying the oxidative reactivity and electronic structure of Figure 1. ORTEP drawing of the cationic portion of [(PRRAU4(u-

complexes of the form LAu(S¢E1,CHs) and LL[AU(SGH4CHs)]>,
where L and LL are mono- and bisphosphife¥. These

SGH4CHz)2](PFs)2 (1) (50% probability ellipsoids). For clarity, only the
ipso-carbons of the phenyl rings (designated R) are shown. Selected

complexes are related to the antiarthritis drug, Auranofin, which distances (A) and angles (deg): AutB(1), 2.275(2); Au(1)S(1),

contains gold(l) coordinated to triethylphosphine and tetraacetyl-

2.342(2); Au(1)-Au(2), 3.152(1); Au(1)-Au(2A), 3.173(1); P(1)}Au-

thioglucose. The study reported below demonstrates that mild (1)—S(1), 174.59(5).

oxidation of gold-sulfur complexes produces gold clusters and

disulfide by way of an electron-transfer mechanism that occurs second oxidations, respectively. The nonintegraialue of 0.5

with unexpectedh values. These results suggest an oxidative
reactivity for gold-sulfur centers that has not been previously
recognized.

The results of cyclic voltammetry experiments for LAuEBG
CHs) and LL[Au(SGH4CHs)]. [L = PPh; LL = dppe, dppp,
dppb, dpppn] show two irreversible anodic processes@8 +
0.1 V and +1.6 &+ 0.1 V (vs SCEP* Constant potential
electrolysis experiments on FPAuU(SGH4CHs) shown values
of 0.5 and>2 for the first and second oxidations, respectively.
Similarly, n values obtained for the dinuclear complexes, LL-
[Au(SCsH4CH3)],, are approximately 1 ang4 for the first and
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for the first oxidation of P§PAu(SGH4CHs) is unexpected insofar

as complete oxidation of a single type of redox center, i.e.,
phosphine, gold, or thiolate, would lead to arvalue of 1 or
greater. The same logic suggests thatharalue of 1.0 for the
dinuclear complexes, LL[AU(SE14CHs)]», is half of the expected
value. These results suggest that a chemical reaction occurs
following the first oxidation.

Monitoring the first oxidation for P#PAU(SGH4CHs) by *H
NMR during constant potential electrolysis experimé&ntsveals
that disulfide, (SEH4CHs)2, forms in significant quantitie¥.
Chemical titration experiments on fAu(SGH4CH3) using the
mild oxidant, (CpFe)PF,*® also confirms the nonintegralvalues
and the formation of significant quantities of disulfide. Chemical
oxidation afforded the opportunity to isolate the products of the
first oxidation process. Reaction of 0.5 mmol of;PAu(SGH,-
CH3) and 0.25 mmol of (Cgre)Pk in CH,CI, resulted in
formation of [(Pbp)4AU4(Iu-SC6H4CH3)2](PF6)2 (1), (SC6H4CH3)2,
and CpFel® X-ray quality crystals ofl were obtained from a
CH,CI,/Et,O solution?® Figure 1 shows the ORTEP drawing of
1, which can be thought of as consisting of two monocationic
Auy(PPh)o(1-SCH4CHg)™ units that dimerize via Au(h-Au(l)
interactions to form a tetranuclear cluster. The four Au atoms
form a square with angles about Au(1) and Au(2) nedr (-
(2)—Au(1)—Au(2A) = 87.5, Au(1)—Au(2)—Au(1lA) = 92.5).
The structure is similar to that of [A(PPh),(u-SCHPh)L(NOs),
reported by Wang and Fackl®r.The structural patterns and
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CDsCN.
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complex and was characterized by comparison oHt&\IMR spectrum with
an authentic sample (Aldrich)H NMR (CDCls, ppm): 6 7.37 (d); 7.09 (d);
2.31 (s).

(20) X-ray data (293 K): colorless needles dffrom CH,CL/Et,O,
orthorhombic Pbcg), a = 18.6416(2) Ao = 90°, b = 18.8457(4) Ap =
90°, ¢ = 24.1510(4) Ay = 90°, V = 8484.6(2) R, Z = 4,R= 0.0365, GOF
= 0.804.
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bonding in digold(organo)sulfonium salts have been discussed
previously?1~25

A sequence of reactions producing the stoichiometry that is
consistent with the observed nonintegnavalue of 0.5 for the
mononuclear gold(l) complex is illustrated in Scheme 1. One-
electron oxidation of P#PAu(SGH4CHsz) results in homolytic
cleavage of the AuS bond and formation of BRAuU" and thiyl
radical, *"SGH4CHs, which rapidly dimerizes to produce disul-
fide.?8 Previous studies on the electronic structure of gold(l)
thiolate phosphine complexes have assigned the HOMO orbitals
of these complexes as having significant sulfur chardéter
The cation, P¥PAU", reacts with a molecule of the starting
mononuclear gold(l) complex to form a digold complex with
thiolates bridging two gold(l) centers, which then dimerizes via
Au—Au bonds to form the observed tetragold cluster. The last
step in the mechanism is supported by an independent synthesis
of the tetragold cluster. Thus, treatment of;PAU(SGH,CHs)
with PhyPAUT yields [(PPh)Aus(u-SCH4CHa),?".

C7A

Figure 2. ORTEP drawing of the cationic portion of [(dppAla(u-
SGH4CHz)](PFs)2 (2) (50% probability ellipsoids). For clarity, only the

Scheme 1L = PhP, R= C;H,CH,) ipso-carbons of the phenyl rings (designated R) are shown. Selected
1 distances (A) and angles (deg): Au¢B(1), 2.274(2); Au(1)S(1A),
LAUSR—— LAu" + RS 2.328(3); Au(1)-Au(2), 2.961(1); P(1yAu(1)—S(1A), 173.88(9).
RS — 1/2RSSR Further support for Schemes 1 and 2 is provided by comparison
of the electrochemistry of the neutral vs cluster complexes.
LAut + LAUSR— 1/2[L4Au4w-SR)2]2+ According to the schemes, one-electron oxidation of ;RBh

(SGH4CHz) and dppe[Au(SeH4CHs)]» converts the complexes
—le 1 o to gold clusters and disulfide. Assuming the chemical reactions
2LAUSR—— 1,RSSR+ [L JAU,(u-SR)] after one-electron oxidationH0.8 V) are fast, cyclic voltammo-
grams of PPAuU(SGH4CHs) and dppe[Au(SEeH,CHz3)], should
Oxidation of the dinuclear complex, dppe[Au($GCH3)]- (0.4 contain the appropriate gold cluster and disulfide, in the potential
|'r||'no|)l with (CQFG)PE (04 mm0|) resulted in formation of regi0n>+0.8 V. Addltlonally, if one-electron OXidation Of PEh
[(dppeYAus(u-SCH4CHs)2] (PFs)2 (2), (SGH4CHs)2, and CpFe. AuU(SGH4CHs) and dppe[Au(SEH4CHg)]. results in oxidation

X-ray quality crystals of2 were obtained from a Ci€l,/Et,O of terminal thiolates, these redox processes may be absént in
solution?’ Figure 2 shows the ORTEP drawing &fwhich can and 2, since the clusters contain only bridging thiolates. Cyclic
be thought of as consisting of two monocationic dppgAu voltammetry experiments show that tfiest oxidation of PPk

SGH4CHs)* units which dimerize to form a tetranuclear cluster. Au(SGH4CHs) and dppe[Au(SeH.CHs)]. at+0.8 V is, indeed,
The AuS, core adopts a chair configuration with a gold single absentinl and2. Furthermore_, bulk electrolysis experiments on
bond between Au(BAu(2) = 2.961(1) A and a sulfur-bridged 1 at+1.0 V shown ~ 0. Cyclic voltammet.ry' experiments also
nonbonded Au-Au interaction of 3.844 A. A consistent sequence Show thatl, 2, and (SGH.CHs), all oxidize at +1.6 V,

of reactions producing the stoichiometry and obsemetlues approximately the same potential as ieeoncbxidation of PPk
of 1.0 for oxidation of the dinuclear gold complexes is illustrated AU(SCH4CHs) and dppe[Au(SEH.CHa)]..
in Scheme 2. The oxidative reactivity of golgsulfur complexes suggests

some intriguing possibilities for the biochemistry of gold. For
example, oxidation of gold complexes bound to cysteine-rich

Scheme ALL = dppe, R= C¢H,CHy) proteins may lead to formation of disulfide bonds that would cause

—le substantial changes in reaction chemistry. Recently, we reported
LL(AuSR), -[LLAU(SR)]" + RS that the oxidative reactivity of Auranofin is similar to that of$h
1 PAUSGH,CHs.*? Preliminary experiments in our laboratory
RS — /,RSSR suggest that mild oxidation of Auranofin also results in formation

1 ot of disulfide and a gold clusté?.
[LLAU,(SR)]" — ",[(LL) AU, (u-SR),]
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