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The reaction of [Ni{Co(aet),(en)},]*" (aet = 2-aminoeth-
anethiolate) with Ag' in the presence of C10,~ and NO3 ™ anions
gave a S-bridged C0m4AgI4 octanuclear and a (ComzAgI3),,
polymeric complexes, respectively, which are interconvertible
with each other by changing the counter anions.

The construction of metal-based molecular aggregates is of
current great interest not only in the field of supramolecular
chemistry but also in the field of coordination chemistry.! Typi-
cal synthetic routes to create metalloaggregates are the metal-di-
rected self-assembly of multidentate organic compounds that
connect two or more metal centers. However, this approach of-
ten encounters the difficulty in the creation of heterometallic sys-
tems, as well as the difficulty in the control and modification of
their overall structures. An alternative approach that could over-
come these difficulties is the use of metal complexes as building
blocks, which contain potential donor sites for second metal cen-
ters. It has been recognized that coordinated thiolato groups pos-
sess high Lewis basicity to bind with a variety of transition-metal
ions, and thus, we have been studying the aggregation of thiolato
complex-units assisted by transition-metal ions.>3 Recently, we
have found that the central Ni'' ion in [Ni{Co(aet),(en)},]**
([1]1*%), which is composed of two C,-cis(S)-[Co(aet),(en)]™
units,* is replaced by two linear Au' ions to produce a S-bridged
Co',Au'y tetranuclear complex, [Au,{Co(aet),(en)},]*+.5 In
this Co',Aul, structure, the S—Co-S angle (99.7(1) A) in each
[Co(aet),(en)] ™ unit is significantly deviated from the ideal right
angle so as to form an intramolecular bonding interaction be-
tween two Au' jons (Au-Au = 2.9640(9) A). Since Ag--Ag in-
teraction is commonly weaker than Au---Au interaction,® it is in-
teresting to clarify whether an analogous S-bridged Co™,Ag',
tetranuclear complex is formed by the reaction of [1]** with
Ag'. Here, we report that this reaction affords a new class of
S-bridged polynuclear and polymeric structures, which can be
controlled by counter anions employed.

Treatment of a dark-brown aqueous solution of [1](ClOy4)4-
2H,07 with AgClO4 (60°C, 20 min) in a 1:2 ratio gave a red-
brown solution, from which almost black crystals ([2](ClO4)g*
7H,0) were isolated.® Complex [2](ClO,); is easily soluble in
water, and its absorption spectrum differs significantly from that
of [Ni{Co(aet),(en)},]**.* This suggests that the Ni" ion in
[Ni{Co(aet),(en)},]** is replaced by Ag!, like the corresponding
reaction with Au'.> The elemental and plasma emission analyses
of [2](ClOy4)g are in agreement with the formula for an expected
2:2 adduct [Agy{Co(aet)(en)},](ClO4)s. However, X-ray
analysis revealed that [2](ClO4)s contains [Co(aet),(en)]™,
Ag+, and ClO,~ in a 4:4:8 ratio.® As shown in Figure 1a, the
complex cation [2]3* consists of four Cy-cis(S)-[Co(aet);(en)]*

units that are spanned by four Ag' atoms to form a S-bridged
Co,Agly cyclic structure (av. Ag—S = 2.404(2) A, S—-Ag-S
= 167.73(9)°). The S—Co-S angles (av. 92.28(8)°) of the
[Co(aet),(en)]T units in [2]3* are close to 90°, indicating that
the linkage of C>-cis(S)-[Co(aet),(en)]™ units in this octanuclear
structure requires little strain about each Co center, unlike the
case for [Auy{Co(aet),(en)}»]**.> The chiral configurations of
the four [Co(aet)>(en)]t units in [2]%F are A, A, A, and A,
which combine to form a meso compound. It should be
noted that the Co™,Ag"y complex cations [2]%* are connected
with one another through a mutual weak Ag--S interaction
(Ag2-S2 =3.070(2) A) to afford a 1D chain-like structure
(Figure 1b).

Similar treatment of [1](NO3)4+H,07 with AgNO3 in a 1:2
ratio also gave red-brown crystals ([3](NO3)s+-H,0), which are
poorly soluble in water.” The plasma emission spectral analysis
implies that [3](NO3)s contains Co and Ag atoms in a 2:3 ratio,
rather than a 2:2 ratio. Furthermore, the elemental analysis of
[3]I(NO3)s is in agreement with the formula for a 2:3 adduct
[Ags{Co(aet)(en)},](NO3)s. The crystal structure of [3](NO3)s
that contains [Co(aet),(en)]t, Ag™, and NO3~ in a 2:3:5 ratio
was established by X-ray crystallography.® As shown in
Figure 2a, the complex cation [3]°* has a Co', Ag', tetranuclear
structure, in which two Cs-cis(S)-[Co(aet),(en)]" units are con-

a)

111

Figure 1. Perspective views of (a) the Co;Agly complex cat-
ion [2]®* and (b) its 1D structure connected by Ag--S interac-
tions.
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Figure 2. Perspective views of (a) the Co™,Ag'; pentanuclear
unit of [3]°F and (b) its 1D structure connected by Ag—S bonds
(nitrate anions closely contacted with Ag! are included).

nected by two linear Ag' atoms (av. Agl-S = 2.396(2)A,
S—Agl-S = 177.24(4)°). The coordination geometry about each
Co atom is roughly octahedral, but the SI-Co-S2 angle
(97.51(6)°) is appreciably expanded from 90°. The Ag—Ag dis-
tance is 3.0940(6) A, which is suggestive of the presence of a
weak interaction between two Ag! ions.!® This S-bridged
Co'™, Agl, structure corresponds well with the Co™,Au', struc-
ture in [Au,{Co(aet);(en)},]**.> However, an additional Ag'
atom (Ag2) is bound to a S atom (S2), which links the Co™,Ag',
tetranuclear units to form a 1D (Co™,Ag'), chain structure
(Ag2-S2 = 2.4837(9) A, S2-Ag2-S2' = 180.0°) (Figure 2b).
Of note is the close contact of two NO3;~ anions with each
linking Ag' atom (Ag2-01 = 2.646(6) A).!! These anions also
contact with adjacent Ag' atoms of the tetranuclear units
(Agl-03 = 2.911(7) A), which appears to sustain the 1D poly-
meric structure. In [3]°F, the two [Co(aet),(en)]T units of each
CoM,Ag!, moiety have the same chiral configuration to give
AA and AA forms, which are alternately linked by Ag' atoms
to construct a meso structure.

A remarkable feature of this Co™Ag' system is that the
Co'M;Agly octanuclear structure in [2]%* and the (Co™,Ag'3),
polymeric structure in [3]>* are interconvertible with each other
by changing the counter anions. That is, treatment of the isolated
[2](C104)g with excess NaNO; in water gave [3](NOsj)4s-
(Cl0O4)p.5, while [3](NO3)s was converted to [2](ClOy)g by treat-
ing with excess NaClO,.'2 As mentioned above, [3]>* contain-
ing Co™ and Ag' in a 2:3 ratio was obtained from the 1:2
reaction of [1](NO3)s with AgNO; (Co:Ag = 2:2). In addition,
attempts to prepare 317+ by reacting [1](ClO4)4 with AgClOy in
a 1:3 ratio were unsuccessful; only [2](ClO4)s was isolated.
These results clearly indicate that the coexisting counter anions,
rather than the reaction stoichiometries, play a crucial role in
determining the S-bridged structures constructed from C;-
cis(S)-[Co(aet),(en)]™ and Ag'.

In summary, the metal replacement reaction of [1]** was
applied for the generation of novel S-bridged structures consist-
ing of bis(thiolato)-type Co™ units and Ag' ions, which are high-
ly dependent on the counter anions. Interestingly, the formation
of a Co™,Ag'; complex analogous to [Au,{Co(aet),(en)},]*+
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was not noticed for the present reactions. This is most likely
ascribed to the weakness of Ag--Ag interaction, which can not
make up for the disadvantage due to the distortion around
Co™™ centers existed in the S-bridged tetranuclear structure, lead-
ing to the cyclic Co4Ag!, structure composed of less strained
[Co(aet),(en)]™ units or the 1D (Co™,Ag's), structure stabilized
by the short contact between Ag' and NO3;~. Accordingly, this
study points out that the overall S-bridged structures could
be controlled by the slight modification of the degree of
metal-metal and metal-anion interactions.
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