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(1,4,7-Trithiacyclononane)silver tri¯uoromethanesulfonate

crystallizes in a tetrameric form from nitromethane, to give

the title compound, [Ag4(C6H12S3)4](CF3SO3)4�2CH3NO2.

The complex cation consists of four [AgL]+ units (L is 1,4,7-

trithiacyclononane), with four AgÐSÐAg bridges forming a

cyclic tetramer. The almost planar Ag4S4 ring takes an

octagonal form.

Comment

Recently, molecular squares and related cyclic oligomers of

metal complexes constructed by self-assembly have attracted

much attention in supramolecular chemistry (Fujita & Ogura,

1996; Leininger et al., 2000). Thia-macrocyclic ligands have a

tendency to form oligomeric complexes with metal ions such

as Ag+ (Blower et al., 1989; Blake et al., 2000). A cyclic trimer

of [AgL]+ (L is 1,4,7-trithiacyclononane) was reported to be

present in a crystal obtained from a reaction between AgClO4

and L in methanol, i.e. [Ag3L3][AgL2](ClO4)4 (KuÈ ppers et al.,

1987). The 1H NMR spectrum of this complex indicates a rapid

ligand-exchange equilibrium in solution, and the possibility of

another type of oligomer was considered. In this paper, we

report the tetrameric structure of [AgL]+ observed in

[AgL]4(CF3SO3)4�2CH3NO2, (I). By changing the counter-

anion, solvent and metal±ligand ratio, it is possible to form the

tetramer rather than the previously reported trimer.

The complex cation in (I) consists of four [AgL]+ units

(Fig. 1), with the macrocyclic ligand L coordinating to Ag+.

One of the three S atoms in each [AgL]+ unit acts as a bridging

ligand to another [AgL]+ unit, forming an approximately

octagonal skeletal structure comprised of four Ag+ and four S

atoms. All the angles at the corners of the Ag4S4 octagon are

close to 135�. There is a crystallographic inversion centre at

the centre of the complex cation, and therefore two non-

equivalent [AgL]+ units exist.

The Ag4S4 ring is almost ¯at, with a maximum deviation

from the mean plane of 0.11 AÊ for atom S1. It is interesting to

compare (I) with the cyclic trimer, which also has a planar

Ag3S3 ring, with a corner angle of ca 120�.

Each Ag+ ion in the tetramer has a distorted tetrahedral

geometry, with one short [Ag1ÐS4i 2.460 (2) AÊ and Ag2ÐS1

2.443 (2) AÊ ; symmetry code: (i) ÿx, ÿy, 1 ÿ z] and three long

[2.560 (2)±2.660 (2) AÊ ] AgÐS distances, with the shortest

distance involving the bridging S atoms. These AgÐS

distances are slightly longer than normal, but similar silver

complexes with L have comparable AgÐS distances (2.58±

2.70 AÊ ; KuÈ ppers et al., 1987; Blower et al., 1989). The shortest

AgÐS bond in each unit is tilted slightly, away from a pseudo-

threefold axis based on the macrocyclic ligand, and three SÐ

AgÐS(adjacent) angles, which involve the unique AgÐS

bond, are not equal and are classi®ed as one small [119.15 (6)

and 123.01 (6)�] and two large angles [131.98 (6)±134.47 (6)�].
A similar distortion has been observed in tetrahedral [AgL]

moieties in the trimer (KuÈ ppers et al., 1987) and in [AgLCl]

(Blower et al., 1989), and the distortion in (I) is small relative

to that in other complexes.
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Figure 1
A view of the molecular structure of the tetrameric complex cation in (I),
showing the atom-numbering scheme and 50% probability displacement
ellipsoids. H atoms have been omitted for clarity.
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One of the two large SÐAgÐS(adjacent) angles in each

unit is involved in the Ag4S4 octagon, whereas in the trimer,

the unique small SÐAgÐS(adjacent) angle is involved in the

Ag3S3 ring. Concomitantly, the AgÐSÐAg angles in (I) are

larger [134.02 (7) and 139.36 (7)�] than that in the trimer

[126.0 (1)�].

Experimental

[AgL](CF3SO3) was synthesized according to the published method

of Blower et al. (1989). A crystal of (I) was obtained by slow

evaporation of a nitromethane solution of [AgL](CF3SO3).

Crystal data

[Ag4(C6H12S3)4](CF3SO3)4�-
2CH3NO2

Mr = 1871.17
Monoclinic, P21=a
a = 14.877 (4) AÊ

b = 14.775 (3) AÊ

c = 15.581 (4) AÊ

� = 115.80 (2)�

V = 3083 (1) AÊ 3

Z = 2

Dx = 2.015 Mg mÿ3

Mo K� radiation
Cell parameters from 24

re¯ections
� = 11.0±12.4�

� = 1.88 mmÿ1

T = 296.2 K
Prismatic, colourless
0.15 � 0.15 � 0.10 mm

Data collection

Rigaku AFC-7S diffractometer
!/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.753, Tmax = 0.828

5904 measured re¯ections
5433 independent re¯ections

3810 re¯ections with F 2 > 2�(F 2)
Rint = 0.021
�max = 25�

h = ÿ17! 0
k = 0! 17
l = ÿ16! 18

Re®nement

Re®nement on F 2

R(F ) = 0.047
wR(F 2) = 0.133
S = 1.18
5433 re¯ections
361 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + {0.059[max(Fo
2,0)

+ 2Fc
2]/3}2]

(�/�)max = 0.002
��max = 1.15 e AÊ ÿ3

��min = ÿ0.53 e AÊ ÿ3

H atoms were placed in calculated positions, with CÐH = 0.95 AÊ

and Uiso(H) = 1.2Ueq of the bonded C atom.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1994); cell re®nement: MSC/AFC

Diffractometer Control Software; data reduction: TEXSAN (Rigaku,

1999); program(s) used to solve structure: DIRDIF92 (Beurskens et

al., 1992); program(s) used to re®ne structure: TEXSAN; software

used to prepare material for publication: TEXSAN.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: OA1126). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

Ag1ÐS1 2.596 (2)
Ag1ÐS2 2.660 (2)
Ag1ÐS3 2.571 (2)
Ag1ÐS4i 2.460 (2)

Ag2ÐS1 2.443 (2)
Ag2ÐS4 2.645 (2)
Ag2ÐS5 2.560 (2)
Ag2ÐS6 2.577 (2)

S1ÐAg1ÐS2 82.71 (5)
S1ÐAg1ÐS3 84.21 (5)
S1ÐAg1ÐS4i 133.82 (5)
S2ÐAg1ÐS3 83.96 (5)
S2ÐAg1ÐS4i 119.15 (6)
S3ÐAg1ÐS4i 134.47 (6)
S1ÐAg2ÐS4 132.32 (5)

S1ÐAg2ÐS5 131.98 (6)
S1ÐAg2ÐS6 123.01 (6)
S4ÐAg2ÐS5 83.76 (6)
S4ÐAg2ÐS6 83.47 (5)
S5ÐAg2ÐS6 85.60 (6)
Ag1ÐS1ÐAg2 134.02 (7)
Ag1iÐS4ÐAg2 139.36 (7)

Symmetry code: (i) ÿx;ÿy; 1ÿ z.


