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Synthesis and Crystal Structure of a Water-soluble, Anionic Octanuclear Silver(I) Cluster
Formed by 2-Mercaptobenzoic Acid (H2mba); K12[Ag8(mba)10]·12H2O
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We have prepared a novel water-soluble silver(I) complex
showing effective antibacterial activities K12[Ag8(mba)10]·12H2O
(1a, H2mba = 2-mercaptobenzoic acid) from the Ag2O : H2mba
: KOH = 1 : 4 : 8 molar ratio reaction in aqueous media and
determined its crystal structure. The X-ray crystallography
revealed that 1a was a discrete, anionic octanuclear silver(I)
cluster consisting of two butterfly-type Ag4S4 subunits bridged
by two µ3-S atoms.

In the medicinally or pharmaceutically active compounds
of silver(I) and gold(I), most of the complexes formed by thiol
ligands are harder to crystallize and are believed to be poly-
meric.1 We have so far synthesized and characterized a class of
silver(I) and gold(I) complexes with thiol ligands, i.e., 2-mer-
captobenzoic acid (H2mba) and thiomalic acid (H3tma), such as
{M[Ag(mba)]· nH2O}n (2a, M = H, n = 0; 2b, M = Na, n = 1;
2c, M = K, n = 2),2a {Na[Ag(Htma)]·0.5H2O}n 3,2b,2c

{Na2[Au(tma)]·1.75 H2O}n 4,1,2d,2f,3 and Na3[Au(mba)2]·5H2O
5.2e,2f The polymeric or oligomeric silver(I) complexes 2a, 2b,
2c and 3 have displayed effective antimicrobial activities
against selected bacteria, yeast and mold.2a,2b The water-solu-
ble salt 2b has been commercialized as an antimicrobial
agent.2g Except 5, all of the compounds were difficult to crys-
tallize.

Since our first report in 1995,2a considerable efforts have
been made to get crystals of the water-soluble silver(I) com-
plex 2b, prepared from a reaction of the AgNO3 : H2mba :
NaOH = 1 : 1 : 2 molar ratio. In this work, we found that the
potassium and sodium salts of silver(I) 2-mercaptobenzoate
M12[Ag8(mba)10]· nH2O·mMeOH (1a, M = K, n = 12, m = 0;
1b, M = Na, n = 5, m = 2), obtained from reactions of Ag2O :
H2mba : MOH = 1 : 4 : 8 molar ratio in aqueous solution, were
crystallized from a solvent mixture of water/methanol in a
sealed flask. The compounds 1a and 1b also showed effective
antibacterial activities similar to those of 2a and 2b,2h and the
complexes 1a and 1b had a tendency to transformation via 2a
to 2b and 2c, respectively, by treatment with aqueous H2SO4
and then aqueous MOH. Although crystallization of the origi-
nal complexes 2a, 2b and 2c themselves is still difficult, we
were successful for X-ray analysis of 1a with an unexpected
composition and a novel cluster structure. Herein, we report
the synthesis and structure of 1a.

The molecular formula of 1a with 12 hydrated water iso-
lated in 84.2% (6.01 g) yield was consistent with all data of
elemental analysis, TG/DTA, FT-IR and 1H, 13C and 109Ag
NMR spectroscopies.4,5 The formation of 1a is shown in Eq 1.

The solid FT-IR measurements showed (1) an appearance
of a strong broad band at ~ 3450 cm-1 due to the vibrations of
hydrated water, (2) a disappearance of the S-H stretching band
at ~ 2560 cm-1 due to the SH group in the free H2mba, suggest-
ing the Ag-S bond formation, and (3) a shift to splitting bands
at ~ 1563 cm-1 from one very strong carbonyl stretching band
at ~ 1680 cm-1 for the free H2mba, upon the complexation.
The 109Ag NMR of 1a measured in D2O showed two reso-
nances at 508.7 and 927.8 ppm as sharp and broad signals,
respectively, with reference to an external saturated AgNO3 in
D2O by the substitution method, indicating the presence of two
unequivalent silver(I) atoms.

The molecular structure of 1a (Figure 1) was determined
with single-crystal X-ray diffraction analysis.6 The complex 1a
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was a discrete monomer consisting of an anionic, octanuclear
cluster [Ag8(mba)10]

12-, which was composed of two butterfly-
type Ag4S4 cores.  The octanuclear unit in the solid-state was
centrosymmetric.  The Ag-Ag separations in the Ag4S4 cores
ranged from 2.875(4) to 3.155(4) Å, which are intermediate
between the Ag-Ag separation found in the metallic silver
(2.88 Å)7a and twice the van der Waals radii for silver (3.44
Å),7b suggesting an existence of weak metal-metal interac-
tions.8 In the butterfly Ag4S4 core, the four µ2-S atoms (S2, S3,
S4, S5) of the four ligands were bridged between two silver(I)
atoms.  The two Ag4S4 butterfly cores were linked by two µ3-S
atoms (S1, S1i) of the two mba2- ligands. None of the carboxyl
groups participated in the coordination to silver(I) centers. Six
potassium ions in the half-unit were observed. The coordina-
tion environment around each silver(I) atom comprised three
3-coordinate (Ag1, Ag3, Ag4) and one 2-coordinate (Ag2) sil-
ver(I) geometries. The molecular structure of 1a is novel and
quite different from those of the recent polymeric octanuclear
metal clusters with sulfur donor atoms; e.g., [{Ag8(µ4-
SC2H4NH3)6Cl6}Cl2]n with one dimensional chain structure 9a

and [{Cu8Cl6(SC2H4NH3)6}Cl2]n,9b both with an M4(µ4-S)
bridge coordination mode. 
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