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On reaction with Ag(I), phenyl 1,3-dithiolane-2-carboxylate undergoes hydrolysis and assembles into a
metal–organic coordination polymer. Crystals of the polymer were characterized by X-ray crystallography.
The metallopolymer exists as a sheet-like structure consisting of twisted strands. An additional structural
feature is an apparent Ag–Ag interaction (3.0679 Å) supported by the thiolane sulfur atoms. Carboxyl and
triflate oxygen atoms are also key donors to the Ag(I) centers.
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1. Introduction

Sulfur-containing heterocycles are useful ligands for the construction of supramolecular com-
plexes and coordination polymers. Among the smaller ring systems, six-membered rings such as
1,3-dithiane (1–3), 1,4-dithiane (3–5), and 1,3,5-trithiane (3, 6, 7) have been successfully utilized
in the construction of supramolecular structures when combined with various transition metal
ions. A notable omission in the application of small sulfur heterocycles is 1,3-dithiolane and its
derivatives. Save for some NMR studies of Pd(II) and Pt(II) complexes (8, 9), the coordination
chemistry of these smaller ring compounds has been largely unexplored. In an earlier paper, we
reported the self-assembly of a linear polymer from the interaction of 1,3-dithiolan-2-ylmethanol
with silver nitrate (10). In this paper, we describe the synthesis of a new coordination polymer from
the interaction of 1,3-dithiolane-2-carboxylic acid with AgOTf. The 1,3-dithiolane-2-carboxylic
acid was generated from the unexpected in situ hydrolysis of phenyl 1,3-dithiolane-2-carboxylate.
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2. Results and discussion

The original goal of our investigation was to examine steric effects in the coordination of different
1,3-dithiolane-2-carboxylic acid esters with Ag(I). Thus, one dithiolane we chose as a ligand was
phenyl 1,3-dithiolane-2-carboxylate, synthesized by a procedure reported in this journal (11).
Using the crystallization conditions described in this paper, we were surprised to see that the ester
hydrolyzed to give the corresponding carboxylic acid as follows:

(1)

A subsequent literature search revealed that hydrolysis of esters can be catalyzed by metal
ions such as Ag(I), presumably through initial coordination of the metal to the substrate (12,
13). Thus, the coordination polymer 1-OTf was obtained from silver triflate and phenyl 1,3-
dithiolane-2-carboxylate by layering a THF solution of the ligand over an aqueous solution of the
salt. After several days in the dark, colorless needles were obtained in 55% yield. These crystals
were insoluble in common organic solvents such as chloroform and acetone so NMR spectral data
could not be obtained. Single crystal X-ray analysis revealed an asymmetric unit consisting of two
molecules of 1,3-dithiolane-2-carboxylic acid, three silver ions, and a coordinating triflate anion.
The asymmetric unit of 1-OTf is shown in Figure 1(a), and an expanded structure is shown in
Figure 1(b). Selected bond length and angle data are provided in Table 1. As seen in the expanded

Figure 1. (a) Asymmetric unit of 1-OTf. (b) Expanded view of 1-OTf. Symmetry operations: A = 2 − x, 1 − y, −z;
B = x, 1 + y, z; C = 2 − x, −y, −z; D = 3/2 − x, −1/2 + y, 1/2 − z.
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Table 1. Selected bond lengths (Å) and angles (◦) for 1-OTf.

Ag(1)-S(2) 2.557(3) Ag(2)-S(5) 2.423(3)
Ag(1)-O(17) 2.592(9) Ag(3)-O(18) 2.272(7)
Ag(1)-S(12) 2.737(3) Ag(3)-O(1) 2.567(10)
Ag(1)-Ag(2) 3.0679(13)

S(2)-Ag(1)-O(17) 88.17(19) C(3)-S(2)-Ag(1) 101.6(4)
S(2)-Ag(1)-S(12) 127.72(9) C(1)-S(2)-Ag(1) 102.3(4)
O(17)-Ag(1)-S(12) 67.83(16) C(1)-S(5)-Ag(2) 100.8(4)
S(2)-Ag(1)-Ag(2) 81.62(7) C(4)-S(5)-Ag(2) 105.4(4)
O(17)-Ag(1)-Ag(2) 155.34(15) C(13)-S(12)-Ag(1) 101.2(4)
S(12)-Ag(1)-Ag(2) 135.33(7) C(11)-S(12)-Ag(1) 102.4(3)
S(5)-Ag(2)-Ag(1) 95.02(7) C(16)-O(17)-Ag(1) 115.6(7)
O(18)-Ag(3)-O(1) 100.4(3) C(16)-O(18)-Ag(3) 131.2(7)

S(1)-O(1)-Ag(3) 141.8(7)

Figure 2. View of an isolated strand of 1-OTf from the packing diagram.

structure,Ag(1) is pentacoordinate with bonds to carboxyl oxygen atoms from two different ligand
molecules (2.294 and 2.607Å) and bonds to sulfur atoms from two different ligand molecules
(2.557 and 2.737Å). The fifth interaction is with Ag(2), with the Ag(1)-Ag(2) distance of 3.068Å
suggestive of a ligand-supported argentophilic interaction (14, 15). The distance between Ag(1)
and the adjacent symmetry generated Ag(2) (Ag(2A) in Figure 1(b)) is 3.823Å, only moderately
higher than the sum of the van der Waals radii (3.42Å) (16). Ag(2) is pentacoordinate, with bonds
to carboxyl oxygen atoms from three different ligand molecules (2.251–2.557Å), one bond to a
sulfur atom (2.423Å), and the aforementioned interaction with Ag(1). Ag(3) is tetracoordinate,
with bonds to oxygen atoms from two different triflate anions (2.418 and 2.567Å), one bond to a
carboxyl oxygen atom (2.272Å), and one bond to a sulfur atom (2.484Å). The packing diagram
of 1-OTf reveals a sheet-like structure in which each sheet consists of twisted strands. An isolated
strand in the packing diagram is shown in Figure 2.

Other work in our laboratory has demonstrated that the identity of the counteranion is important
in determining the final structure of these complexes. For example, the reaction of hydrolyzed
dithiolane esters with silver nitrate does not give the same structure. This system, however, appears
to be more complex, as we have determined the existence of more than one structure in crystals
of this complex. Full details will be reported in due course.

3. Conclusion

In conclusion, we have demonstrated the ligating ability of 1,3-dithiolane-2-carboxylic acid,
which can be conveniently generated by in situ hydrolysis of the phenyl ester. The formed
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1,3-dithiolane-2-carboxylic acid interacts with silver triflate to give a sheet-like polymeric struc-
ture. While the dithiolane moiety has been little studied as a complexing group, our studies
demonstrate it is effective as a ligating agent.

4. Experimental

Silver triflate and all solvents were obtained commercially and used as received. Phenyl 1,3-
dithiolane-2-carboxylate was prepared as previously described (11). Infrared spectra were
obtained on a Nicolet Magna-IR 560 spectrometer E.S.P.

4.1. Synthesis of 1-OTf

A solution of phenyl 1,3-dithiolane-2-carboxylate (100 mg, 0.44 mmol) in THF (5 ml) was layered
over a solution of silver triflate (114 mg, 0.44 mmol) in water (1 ml). After several days in the
dark, colorless needles had formed. The crystals were isolated by filtration and washed with THF
and water.Yield: 55% (117 mg). mp 174-178◦C. Due to the insolubility of the crystals in common
organic solvents, NMR spectra could not be obtained. IR (KBr, cm−1): 1594, 1382, 1261 1038,
646 (strong), 3449, 2932, 714 cm−1 (medium).

4.2. X-ray crystallography

Data for 1-OTf were collected at room temperature on a Bruker APEX diffractometer equipped
with a CCD detector. The structures were solved by direct methods and subsequent dif-
ference Fourier synthesis using SHELXTL program package (Sheldrick, G.M., SHELXTL
(1990), Bruker Analytical X-Ray Systems, Inc.). CCDC 606988 contains the supplemen-
tary crystallographic data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif, by emailing data_request@ccdc.cam.ac.uk,or by con-
tacting The Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ,
UK; fax: +44 1223 336033. Selected crystal data for 1-OTf are collected in Table 2. Figure 1(a)
was generated using Ortep-3 for Windows (17), and Figure 2 was generated using Mercury
CSD (18).

Table 2. Selected crystal data for 1-OTf

1-OTf

Empirical formula C9H10Ag3F3O7S5
Formula weight 771.08
Crystal system Monoclinic
Space group P 21/n
a (Å) 15.562(2)
b (Å) 6.0318(8)
c (Å) 20.382(3)
β (◦) 99.194(2)
V (Å3) 1888.7(4)
Z 4
Density (Mg/m3) 2.712
μ (mm−1) 3.692
R1 [I > 2σ(I)] 0.081
wR2 (all data) 0.205
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