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In the title complex [SSS(Re(CO)5)3](CF3SO3) (SSS = 1,3,4-

thiadiazole-2,5-dithiolate), SSS adopts a two-S/one-N (j3) co-
ordination form, representing an unprecedented coordination

pattern for this ligand. In addition, its solid-state structure

confirms that an interesting anion p-interaction (2.880 Å)

between the N-heterocyclic ligand and the CF3SO3
� anion is

observed.

Supramolecular interactions are weak intermolecular forces

that play a crucial role in both chemical and biological

recognition.1 To date, these interactions have been widely

exemplified by hydrogen bonding, p� � �p interactions and other

weak interactions, and their combination has been recognized

as a very powerful and versatile strategy in material synthesis.2

Among the various weak interactions, hydrogen bonding and

cation p-interactions are of great importance for many biolo-

gical systems and have been known for a long time.3 However,

in contrast, anion p-interactions are relatively unexplored.4

This is most likely due to the electron-donating character of

anions, which is expected to lead to repulsive interactions with

aromatic p-electron clouds.5 However, theoretical studies have

demonstrated that there are potentially energetically favorable

interactions between electron deficient p-systems (i.e., hexa-

fluorobenzene and benzene systems with strong electron-with-

drawing groups, and 1,3,5-triazine- and pyrazine-based

derivatives with N-heterocyclic systems) and anions (i.e.,

halides, N3
�and NO3

�).6 In 2004, Meyer et al. reported the

first crystal structure, showing anion p-interactions between

Cl� and the 1,3,5-triazine ring in a carousel Cu(II)-triazine

complex.7 Recently, Reedijk and co-workers have designed a

series of 1,3,5-triazine-based derivatives focusing on systema-

tic anion p studies, and many crystal structures have since

shown the existence of anion p-interactions.8 In this context,

the chemistry of anion p-interactions has become an area of

growing interest as a branch of supramolecular chemistry. In

the search for new crystallographic evidence for supramole-

cular non-covalent interactions, 1,3,4-thiadiazole-2,5-dithio-

late (SSS) was chosen in this study for the design and

synthesis of the target complex. We report herein the structur-

al and spectroscopic properties of a novel trinuclear [SSS(Re(-

CO)5)3](CF3SO3) complex, where an unprecedented tridentate

(two-S/one-N) coordination form of the SSS ligand has been

found. Notably, the title complex also shows an interesting

anion p-interaction.
As a N-heterocyclic thiol, 1,3,4-thiadiazole-2,5-dithiol

(H2SSS) is particularly interesting, since the five donor sites

in its deprotonated form enable coordination to two or more

metal ions, leading to the anticipated formation of various

structural motifs. Indeed, SSS has been shown to be a useful

ligand in the construction of multifunctional metal complexes

in several reports regarding Au(I),9a Pt(II),9b Sn(II)9c,e,f and

Ru(II)9d complexes, and it can act as a mono-, bi- or tetra-

dentate ligand with coordination to one or two metal ions.

Surprisingly, there is no tridentate form reported so far, and

this is most likely due to steric hindrance and unpredictability

for this unsymmetrical bridging form.

Upon reacting Na2SSS with three equivalents of

Re(CO)5(CF3SO3), 1 �CF3SO3 can be isolated as a pale yellow

and air stable solid in ca. 50% yield (Scheme 1).z 1 �CF3SO3

crystallized in the space group P21/n, involving nearly octahe-

dral geometries for the three Re(I) environments. As shown in

Fig. 1(a), the SSS ligand coordinates to three Re(CO)5
+

through a novel two-S/one-N (k3) coordination form that is

different from the previously reported one-S(k1),
9b two-

S(k2),
9a,b,d two-N (k2)

9c and two-S/two-N (k4)
9c,e,f coordina-

tion forms. To the best of our knowledge, this (k3) coordina-
tion form for SSS is unprecedented. Additionally, the two

S–Re(CO)5
+ groups are in an anti conformation, and only one

of the two nitrogen atoms in the thiadiazole ring coordinates

to a Re(CO)5
+, both of which are expected to be a conse-

quence of steric interactions between the Re(CO)5
+ groups. In

fact, cation 1 is analogous to the SSS ligand protonated on two

thiolates and one imine by three H+ or the SSSH2 ligand

protonated on one imine by one H+, where the Re(CO)5
+

group is considered an isolobal analogue to H+.10 Another

important feature of the solid-state structure is the fairly short

anion� � �p distance (2.880 Å, the sum of van der Waal’s radii is

3.220 Å) between the oxygen atom of the CF3SO3
� and the

midpoint of C(17)QN(1) bond in cation 1. The packing

diagram of the unit cell is shown in Fig. 1(b). The anion� � �p
distance in cation 1 is well below the sum of van der Waal’s

radii, and is suggestive of the possible presence of an anion

p-interaction. Moreover, it is truly remarkable that the

C(17)QN(1) bond (1.317(8) Å) is significantly longer than

the C(16)QN(2) bond (1.278(8) Å) by ca. 0.04 Å in the same

thiadiazole ring. Thus, the anion p-interaction as well as

coordination of N(1) to Re(CO)5
+, resulting in a decrease in

the p electron density of the C(17)QN(1) bond, may be
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anticipated as responsible for this significant p bond lengthen-

ing. With reference to the literature, the average CQN dis-

tance for Au(I)-,9a Pt(II)-9b and Ru(II)-SSS9d complexes (SSS as

a k2 (two-S) form) is 1.292 Å, which is only slightly shorter

than that of 1.305 Å for Sn(II)-SSS complexes9c,e,f (SSS as a k4
(two-S/two-N) form). In this context, coordination of N to

metal ions typically causes an increase in the CQN distance of

ca. 0.01 Å, and hence an increase of ca. 0.04 Å from

C(16)QN(2) to C(17)QN(1) is unlikely to be a simple con-

sequence of the coordination effect. We reasoned that this

lengthening of the C(17)QN(1) distance could be strong

evidence of the presence of anion p-interactions and a con-

sequence of the combination of coordination and anion� � �p
effects, instead of simply being due to coordination and/or

crystal packing.

The distance between the oxygen atom of the CF3SO3
� and

the centroid of the thiadiazole ring has been calculated as

3.126 Å in 1 �CF3SO3. Though most observed anion p-inter-
actions exist in aromatic systems, they have also been seen in

olefinic systems.5g Although the H2SSS ligand has three forms

(A, B and C forms in Scheme 1), SSS is known to prefer a

thiolate form rather than a thione form.9b As a matter of fact,

the distances of 1.717(7) and 1.736(7) Å for the C(17)–S(3) and

C(16)–S(1) bonds, respectively, coincide with the thiolate

form.

As shown in Fig. 2, the absorption spectrum of 1 �CF3SO3,

measured in CH3CN, shows absorption bands at ca. 333 and

380 nm. Since the absorption spectrum of H2SSS also shows

an absorption band at ca. 340 nm, the ca. 333 nm absorption

in 1 �CF3SO3 is tentatively assigned to an intraligand transi-

tion. The ca. 380 nm absorption is red-shifted towards that of

H2SSS by ca. 40 nm, and thus it could quite impossibly be

ascribed to an intraligand transition. Due to the strong

s-donating strength of thiolates, a ligand-to-metal charge-

transfer (LMCT) transition may be anticipated based on

previous studies of metal thiolates.11

In this study, a Re(I) complex showing interesting anion

p-interactions (2.880 Å) has been serendipitously isolated and

characterized by X-ray diffraction, suggesting that such inter-

actions are energetically favorable between electron deficient

p-systems and anions. Although the SSS ligand has been

shown to act as a mono-, bi- or tetradentate ligand in the

literature, the SSS ligand in cation 1 coordinates to three

Re(CO)5
+ groups in a novel unprecedented two-S/one-N

(k3) coordination form. We anticipate that this Re(I) complex

containing the electron-deficient SSS ligand may find useful

applications in anion recognition studies through diagnostic

anion p-interactions.
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Fig. 1 (a) A perspective view of cation 1. Selected bond lengths (Å)

and angles (1): Re(1)–S(1) 2.5083(18), Re(3)–S(3) 2.5022(18),

Re(2)–N(1) 2.162(6), N(1)–C(17) 1.317(8), N(1)–N(2) 1.400(7),

N(2)–C(16) 1.278(8); C(4)–Re(1)–C(1) 179.4(3), C(3)–Re(1)–C(5)

89.9(3), C(3)–Re(1)–S(1) 177.8(2), C(2)–Re(1)–S(1) 87.0(2), C(13)–

Re(2)–N(1) 177.5(3), C(15)–Re(2)–N(1) 88.3(2), C(17)–S(2)–C(16)

88.4(3). The ORTEP diagram shows 50% probability ellipsoids. (b)

The packing diagram of the unit cell showing anion p-interactions.

Fig. 2 Absorption spectra of 1 �CF3SO3 (solid line) and H2SSS

(dotted line) measured in CH3CN at a concentration of 10�5 M.Scheme 1
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