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Heterometallic coordination polymers based on homo-and heteroleptic Au(III) dithiolene complexes

Two novel hetero-and homoleptic Au(III) complexes based on a dithiolene ligand bearing two 4-thiopyridyl groups have been designed, synthesized and characterized in solution and in the crystalline state. These species have been employed as metalloligands, or metallatectons, for the elaboration of heterometallic coordination polymers upon assembly with M(NCS)2 salts (M = Mn, Co, Cd) and Co(N(CN)2)2 respectively. Upon combination of the neutral heteroleptic complex comprising a cyclometallating benzo[h]quinoline fragment and the mononuclear Mn(NCS)2 and Co(NCS)2 nodes, one-dimensional coordination networks were obtained. They feature pendant heteroleptic complexes that stack centrosymmetrically in the crystalline state leading to an interdigitated system, analogous to what has been reported with the parent EDT-TTF derivative. With Cd(NCS)2, the inorganic moieties form a two-dimensional ruffled layer with bridging thiocyanate anions, while the Au(III) complexes occupy the remaining apical positions of the Cd(II) centers. This leads to a stacking of the heteroleptic species. With the homoleptic complex, monoanionic analogue of a symmetrical TTF, a two-dimensional coordination network was obtained by combination with Co(N(CN)2)2, featuring one dimensional [Co(N(CN)2)]α chains. These networks have been characterized in the crystalline state by X-ray diffraction and represent, to the best of our knowledge, the first heterometallic coordination polymers based on Au(III) dithiolene complexes and transition metal cations.

Scheme 1 Parallel between the reported EDT-TTF(Spy)2 and TTF(Spy)4 and the target Au(III) hetero-and homoleptic dithiolene complexes 1 and 2.

Recently, we have reported the novel thiopyridine-appended symmetrical and dissymmetrical tetrathiafulvalene derivatives TTF(Spy)4 and EDT-TTF(Spy)2 (Scheme 1) and their CPs upon association with metal salts, some of them featuring electronic conductivity following surface oxidation with iodine. 11 Owing to the isolobal analogy between tetrathiafulvalene derivatives and dithiolene complexes, it appeared interesting to investigate the possibility to develop metalorganic analogues of these thiopyridine-appended TTFs and study their ability to form CPs. Thus, novel hetero-and homo-leptic complexes 1 and 2 respectively (Scheme 1) have been considered in the context of this work. The heteroleptic compound 1 has been designed to parallel EDT-TTF(Spy)2, hence comprising a dithiolene fragment functionalized with two thiopyridyl groups and a cyclometallated Au(III)/benzo[h]quinoline moiety. The rationale behind the choice of this latter unit was, on one hand, to form a neutral complex and, on the other hand, to introduce an aromatic fragment prone to stacking, potentially leading to interdigitation as observed in the CPs based on EDT-TTF(Spy)2. 11b The monoanionic homoleptic complex 2 bears the same symmetrical structure as for TTF(Spy)4, but differs in its charge. In this study, we report the synthesis and characterization of the title complexes 1 and 2 and their assembly with metal salts towards the formation of heterometallic coordination networks that have been characterized in the crystalline state.

Introduction

Endowed with unique electrochemical and optical properties, metal dithiolene complexes represent an important class of compounds with a diversity of applications in material science, catalysis or biology, for example. 1 A particular attention has been given to the use of these complexes as metalloligands, 2 or metallatectons, 3 for the preparation of coordination polymers (CPs) and metal-organic frameworks (MOFs) upon assembly with alkali 4 or transition metal cations. 5 In particular, Ni(II), Cu(II) and Pd(II) complexes incorporating a dithiolene ligand appended with peripheral nitrogen-based coordinating units have been exploited for such purposes. 1h While a variety of Au metalloligands have been described in the literature, 6 Au dithiolene complexes remain underexplored for the construction of heterometallic CPs and MOFs. 4f,4i This is surprising given that crystalline networks built from the self-assembly of Au(III) dithiolene complexes bearing hydrogen or halogen bonding donor/acceptor units have been otherwise reported, 7 and that several complexes functionalized with pyridine moieties, hence potential metalloligands, have been described. 8 Furthermore, Au dithiolene complexes have been demonstrated to allow the formation of molecular conductors 9 and can bear appealing optical properties. 10

Results and discussion

Complex 1 was synthesized in 29 % yield by reaction of the target dithiolene, generated in situ by treatment of dithiolone 3 11a with sodium methanolate, with the cyclometallated complex 4, prepared as described. 12 Homoleptic complex 2 was prepared in 22 % yield as a tetraphenylphosphonium salt by reaction of the dithiolene with KAuBr4 followed by cation metathesis (Fig. 1). Compounds 1 and (Ph4P)2 have been characterized in solution by UVvisible spectroscopy and cyclic voltammetry. For 1 in DMF, a weak absorption band around 400 nm corresponding to a MLCT and a more intense band around 310 nm associated to the cyclometallated fragment were observed, as described for other cyclometallated gold dithiolene complexes. 13 For (Ph4P)2 in DMF, an intense band at 340 nm was observed that may be attributed to either LMCT or π-π* transition, as reported for similar types of complexes (Fig. ESI5). The electrochemical properties of 1 have been investigated by cyclic voltammetry in DMF, no well resolved electrochemical processes over the potential window could be detected. For (Ph4P)2 in MeCN, a quasi-reversible reduction was observed at E = -1.79 V vs Fc/Fc + (E = 0.14 V) associated with the 2 -/2 2-redox couple. 8 In oxidation, no reversible redox wave associated with the 2 0 /2 -couple could be clearly observed; only irreversible processes leading to decomposition products that afforded complex voltammograms upon further cycling.

Compounds 1, (Ph4P)2 and 3 have been also characterized by single-crystal X-Ray diffraction (Fig. 1 left, Tables 1 and2). Starting compound 3 crystallizes in the orthorhombic Pnma space group and shows an arrangement of the two thiopyridyl groups on the same side of the dithiolone core, in a so-called α2 fashion, as observed for the corresponding TTF derivatives. 11 A similar α2 arrangement of the pyridine units is present in the structure of complex 1 that crystallizes in the monoclinic C2/c space group. The Au(III) cation is in a square planar environment, bound to the dithiolene chelate and to the cyclometallating benzo [h]quinoline ligand with an Au-C distance slightly shorter than the Au-N one (Table 1), as reported for other analogous species. 13 In the crystal, the complexes stack in a centrosymmetric fashion with the shortest Au-Au distance of 3.713(1) Å. Salt (Ph4P)2 crystallizes in the monoclinic C2/c space group. In this structure, the Au(III) center adopts a square planar geometry and is coordinated to two dithiolene dianionic chelates with Au-S distances as commonly observed for this type of homoleptic complexes (Table 1). 8,9 The thiopyridyl groups alternate above and below the mean AuS4 plane; the complex 2 can thus be described as adopting a αα conformation in analogy with the TTF(Spy)4 compound. 11a In the crystal, the monoanionic complexes are separated by the tetraphenylphosphonium anions leading to a long Au-Au distance (Table 1). 2). The Mn(II) cation is in an octahedral coordination environment, bound to two apical thiocyanate anions and to four pyridyl groups of four different complexes 1 in the square base, leading to a one-dimensional network along the b axis (Fig. 2). Within a chain, the Mn(II) cations are separated by 11.26 Å. As recently reported for the CPs [(EDT-TTF(Spy)2)2M(NCS)2] (M = Co, Fe), 11b the pendant Au(III) complexes interdigitate along the a axis (Fig. 2), this leads to the formation of channels occupied by CHCl3 molecules. Within the interdigitated stacks, the complexes are organized into centrosymmetric dimers with a lateral offset. The Au-Au distances are longer than in the structure of the free complex (Table 1). The distance between cyclometallating ligands of 3.467( 6) Å suggests weak π-π stacking within dimers. Also, between consecutive dimers, a distance of 3.616 (6) Å between the dithiolene and the benzo [h]quinoline is observed. A similar organization is observed in the crystal structure of CP 6, [( 1)2Co(NCS)2] (Monoclinic, P2/m) (Fig. 2) obtained by slow diffusion of an EtOH solution of Co(NCS)2 (Py)4 into a 1,1,2,2-tetrachloroethane (TCE) solution of 1. Here again, the Co(II) cation is in an octahedral environment with two apical thiocyanate anions and the nitrogen atom of four pyridyl groups of four different Au(III) complexes in the square base. Within the one-dimensional chain, the Co(II) centers are at a distance of 12.227(10) Å. Since the complex lies on a crystallographic mirror, the carbon and nitrogen atom of the cyclometallating ligand cannot be distinguished (Table 1). Also, as a result of the higher symmetry of this crystalline material in comparison with 5, regular interdigitated stacks are observed with a shorter Au-Au distance of 3.653(3) Å and a distance between benzo[h]quinoline of 3.494 Å. As for 5, the interdigitation in 6 leads to the formation of channels occupied by solvent molecules. However, owing to an important disorder of the latter, the SQUEEZE command was used to account for the corresponding electron density. 15 It is interesting to note the parallel between these two structures and the one of [(EDT-TTF(Spy)2)2M(NCS)2] (M = Co, Fe) illustrating the robustness of the strategy consisting in forming one-dimensional networks bearing pendant fragments (either a cyclometallated unit or a TTF core) prone to subsequent interdigitation. Such TTF-linker replacement by metalloligands in CPs and MOFs has been recently described. 16 Interestingly, very few crystals of compound [( 1)2(Cd(NCS)2)2], 7, could however be isolated and its structure has been determined by single-crystal X-Ray diffraction (Table 3). In this coordination polymer, the Cd(II) cations, in an octahedral environment, are coordinated to four bridging thiocyanate anions in the square base, thus forming a two-dimensional ruffled layer, and to two pyridyl groups of two different Au(III) complexes in the apical positions (Fig. 3). It has been reported that Cd(NCS)2 can adopt such an arrangement, 17 and a 1D (Cd(NCS)2) chain has been observed in a CP based on TTF(Spy)4. 11a The heteroleptic complexes arrange in onedimensional stacks with a long Au-Au distance of 3.885(3) Å combined with an Au-S contact of 3.395(1) Å, shorter than the sum of the van der Waals radii. In addition, the cyclometallating fragments stack at a distance of 3.471(5) Å. In 7, no interdigitation is present, unlike what is observed in the case of 5 and 6 comprising mononuclear M(NCS)2 nodes. In spite of our numerous attempts to obtain CPs based on the homoleptic complex 2 and M(NCS)2 salts, no crystals have been obtained so far. Other inorganic salts were considered, in particular the M(N(CN)2)2 system, for it has been shown to lead to CPs with coordinating TTFs. 18 Upon slow diffusion of a MeOH solution of Co(N(CN)2)2 into a CHCl3 solution of (Ph4P)2, crystals of 8 formed, formulated [( 2)Co(N(CN)2)] according to the structure determination by X-ray diffraction (Table 3). In this compound, the Co(II) cation is in an octahedral environment with two dicyanamide anions in the apical positions, forming a 1D chain along the a axis, and four pyridyl groups of four different Au(III) complexes in the square base (Fig. 4). The coordinating units are all on the same side of the dithiolene complex, organized in a α2α2 conformation in analogy with what has been reported for TTF(Spy)4. 11a In this respect, this structure is somewhat reminiscent of the 2D CPs obtained for the latter TTF compound with CdI2. Within the 2D layers, solvent molecules are present. However, owing to the strong positional disorder, the corresponding electronic density has been removed using the SQUEEZE command. 15 No stacking of the complexes is observed between the different layers and the Au-Au distances are above 9 Å (Table 1).

Batches of all four CPs have been characterized by powder X-ray diffraction (see Fig. ESI 7-10). For CPs 5, 6 and 8, the powder pattern indicated that the crystalline phase is somewhat retained albeit with broad and weak diffraction peaks owing to desolvation upon exposure to air. Almost no diffraction peaks could be observed for batches obtained upon combining 1 with Cd(NCS)2. As discussed above, Cd-based CP 7 represents a minor phase under these conditions and the major phase appears to desolvate quickly. As a result, the optical properties and the conductivity of these four materials could unfortunately not be further explored. 

Conclusions

Two novel homo and heteroleptic Au(III) dithiolene have been designed, prepared and characterized, as metallo-organic cousins of recently reported symmetrical and dissymmetrical TTF derivatives, respectively. These compounds bear peripheral thiopyridyl units and have thus been used as metalloligands for the elaboration of heterometallic coordination polymers. With the heteroleptic species 1, CPs could be obtained with thiocyanate M(NCS)2 salts (M = Mn, Co, Cd). Interestingly with M = Mn or Co, interdigitated 1D networks could be obtained that bear resemblance in their organization with the CPs reported with EDT-TTF-(Spy)2. This underlines the strategy consisting in assembling dissymmetrical derivatives bearing on one hand coordinating units leading to CPs, and, on the other hand, units prone to stacking thus promoting interdigitation. With Cd(NCS)2, the inorganic moieties form a 2D ruffled layer owing to the bridging nature of the thiocyanate anions. The heteroleptic complex coordinates the remaining apical positions of the Cd(II) cations and stack with short Au-S distances. In the case of homoleptic complex 2, a 2D CP could be obtained upon assembly with Co(N(CN)2)2. This network comprises one-dimensional [Co(N(CN)2] pillars bridged by coordination of the four peripheral thiopyridyl groups of 2. Unfortunately, owing to the loss of solvent and hence of crystallinity, the different CPs were not further characterized for their electron conductivity or optical properties.

These networks represent, to the best of our knowledge, the first heterometallic coordination polymers based on Au(III) dithiolene complexes and transition metal cations. Future work will aim at developing other dithiolene ligands and complexes and investigate their ability to form CPs with potential conducting or optical properties.

Experimental section Synthesis

1 H-and 13 C-NMR spectra were recorded at 25 °C on a Bruker AV500 (500 MHz) spectrometer with the deuterated solvent as the internal reference. NMR chemical shifts and J values are given in parts per million (ppm) and in Hertz, respectively. Elemental analysis and mass spectrometry were performed at the Service commun d'analyses of the University of Strasbourg. Cyclic voltammetry was performed on a PARR potentiostat with ferrocene as an internal reference. UV-visible spectra were recorded on a Perkin Elmer Lambda 650S spectrophotometer. Dithiolone 3, cyclometalled complex 4 and thiocyanate salts were prepared as described. 11a,12,19 All other reagents were obtained from commercial sources and used as received.

Complex 1: Under an argon atmosphere, 5 mg of Na(s) were added to 4 mL of MeOH. Then, 54 mg (0.16 mmol; 1 eq) of 3 were added. The solution was stirred for one hour and turned orange. 110 mg (0.16 mmol; 1 eq) of compound 4 in 3 mL of DMF were then added dropwise and the mixture was stirred for an additional hour. The solvents were removed under reduced pressure and the resulting solid was washed with MeOH and Et2O to afford the desired product as an orange solid (44 mg; 28%). 1 H NMR (500 MHz, CD2Cl2) δ(ppm)= 9.10 (dd, 3 J = 5.4, 4 J = 1.3, 1H), 8.60 (dd, 3 J = 8.1, 4 J = 1.3, 1H), 8.37 (ddd, 3 J = 6.1, 3 J = 4.5, 4 J = 1.6, 4H), 7.97 (d, 3 J = 8.8, 1H), 7.93 -7.88 (m, 2H), 7.81 -7.75 (m, 2H), 7.72 (dd, 3 J = 8.1, 3 J = 7.3, 1H), 7.15 (td, 3 J = 4.5, 4 J = 1.6, 4H). 13 C NMR (126 MHz, CD2Cl2) δ(ppm)= 159.11, 155.23, 150.16, 149.01, 147.21, 141.13, 140.23, 136.12, 132.31, 131.95, 131.06, 129.65, 128.50, 126.63, 124.88, 123.95, 121.59, 120.81. HR-MS (ESI) m/z (M+H) + : calcd. for C25H16AuN3S4H + : 683.9966; found 683.9984. λmax(DMF)/nm (ε/mol.L -1 .cm -1 ): 282 (6300); 314 (3900); 400 (540).

Complex (Ph4P)2: Under inert atmosphere, 14 mg of Na(s) was added (0.594 mmol; 2 eq) to a degassed anhydrous methanol (10 mL). Then, 200 mg of dithiolone 3 (0.594 mmol; 2 eq) in 10 mL of anhydrous methanol were added. After the solution became clear yellow orange, 165 mg of KAuBr4 (0.297 mmol; 1 eq) in 10 mL of anhydrous methanol were added. After stirring for 30 minutes, the reaction mixture became dark green. Then, 112 mg of (PPh4)Cl in 30 mL of distilled water (0.297 mmol; 1 eq) was added and a green-brown precipitate formed. The solid was centrifuged and washed with MeOH and diethyl ether. The resulting dark green powder was then dissolved into the minimum amount of DMF and purified by diethyl ether vapor diffusion and, after 48h, dark green crystals of (Ph4P)2 were isolated (74 mg; 22%). 

X-Ray crystallography

Data were collected on a Bruker SMART CCD diffractometer with Mo-Kα radiation at 173 K for all compounds. The structures were solved using SHELXS-97 and refined by full matrix least-squares on F 2 using SHELXL-2014 with anisotropic thermal parameters for all nonhydrogen atoms. 20 Hydrogen atoms were introduced at calculated positions and refined using the riding model. For CPs 6 and 8, several highly disordered solvent molecules are present in the structure but could however not be properly refined. The SQUEEZE command was used to account for the corresponding electron density. 15 X-ray diffraction powder patterns were recorded at 293 K on a Bruker D8 diffractometer using monochromatic Cu-Kα radiation with a scanning range between 4 and 40° using a scan step of 0.0225°/min. The simulated diagrams were generated with the Mercury® software based on the single-crystal data collected at 173K. Graphical abstract Two novel hetero-and homoleptic Au(III) dithiolene complexes have been designed, synthesized, characterized and employed for the elaboration of heterometallic coordination networks.

Fig. 1

 1 Fig. 1 Synthesis of Au(III) complexes 1 and (Ph4P)2 (left) and crystal structures of 1-3 (right).

Fig. 2

 2 Fig.2Views of a portion of the one-dimensional heterometallic chains in the crystal structure of 5 (a), of the interdigitated networks(b) and of the stacking of the Au(III) heteroleptic complexes(c) and analogous representations for the crystal structure of 6(d,e,f). Hydrogen atoms and solvent molecules have been omitted for clarity.

Fig. 3

 3 Fig. 3 View of a portion the 2D network in the crystal structure of 7 along the a axis (a), of a fragment of the 2D inorganic (Cd(NCS)2) layer (b) and of the stacking along the b axis (c). Hydrogen atoms have been omitted for clarity.

Fig. 4

 4 Fig. 4 Top and side views of a portion the 2D network in the crystal structure of 8. Hydrogen atoms have been omitted for clarity. The carbon atoms of the complexes in the lower part of the 2D network are presented in light grey for clarity.

  a R1 = |‪Fo||∑ -;|‪Fo|∑/||‪Fc| wR2 = [∑w(Fo 2 -Fc 2 ) 2 /∑wFo 4 ] 1/2 .

Table 1

 1 Selected bond distances (Å) for complexes 1

and 2 and networks 5-8.

  

		Au-C	Au-N	Au-S	Au-Au	M-Npy
	1	2.070(3)	2.074(3)	2.2894(9)	3.713(1)	-
	2	-	-	2.3168(7)	7.319(3)	-
	5	2.064(3)	2.070(3)	2.2950(9)	4.087(4)	2.311(3)
	6		2.047(9)	2.295(3)	3.653(3)	2.185(10)
	7	2.076(3)	2.074(3)	2.2912(8)	3.885(3)	2.375(10)
	8	-	-	2.311(3)	9.147(4)	2.155(7)
	The preparation of coordination networks based on 1 was explored by combination with
	M(NCS)2 salts (M = Mn, Co, Cd), since such salts have been demonstrated to form crystalline
	materials with a variety of pyridyl-appended TTFs. 11,14 Slow diffusion of a solution of
	Mn(NCS)2 (Py)4 in EtOH into a solution of 1 in CHCl3 led to the formation of crystals of CP 5,
	formulated [(1)2Mn(NCS)2](CHCl3)2 as determined by single-crystal X-ray diffraction
	(Triclinic, P-1, Table				

  In a crystallization tube, a 1,1,2,2-tetrachloroethane (TCE) solution of 1 (0.8 mL, 2.8 mM) was layered with an EtOH/TCE (0.2 mL, 1/1) buffer and then with an EtOH solution of Co(NCS)2•(4Py)4 (0.8 mL, 4 mM). Light orange crystals were obtained after few days. The combination of the crystal batches of six tubes afforded 4.2 mg of CP 6 (28%).

	CP 6: Elemental
	analysis calculated for C52H32Au2CoN8S10 (C2H4Cl4)4 C, 32.44; H, 2.17; N, 5.04. Found: C,
	33.06; H, 1.99; N, 5.52. IR (ATR) ν/cm -1 : 2058 (νCN).
	CP 7: In a crystallization tube, a CHCl3 solution of 1 (0.8 mL, 2.8 mM) was layered with an
	MeOH/CHCl3 (0.2 mL, 1/1) buffer and then with an EtOH solution of Cd(NCS)2•(4Py)4 (0.8
	mL, 4 mM). After few days, orange crystals formed. The crystal batch comprised majorly a
	phase that could be fully characterized owing to rapid desolvation upon exposure to air and
	very few crystals of 7. Elemental analysis calculated for C54H32Au2Cd2N10S12: C, 35.55; H,
	1.77; N, 7.68. Found: C, 32.21; H, 1.71; N, 6.16. The discrepancy in the analysis results from
	the fact that 7 is a minor product in the crystal batch. IR (ATR) ν/cm -1 : 2178 (νCN).
	CP 8: In a crystallization tube, a DMF solution of (Ph4P)2 (2 mL, 1.8 mM) was layered with an
	MeOH/DMF (0.2 mL, 1/1) buffer before adding an EtOH solution of Co(N(CN)2)2 (0.8 mL,
	5.2 mM). Orange crystals were obtained after few days. The combination of the crystal batches
	of three tubes afforded 5 mg of CP 8 (43%). Elemental analysis calculated for C26H16AuCoN7S8
	(CH4O)4 C, 33.77; H, 3.02; N, 9.18. Found: C, 33.75; H, 3.38; N, 10.00. IR (ATR) ν/cm -1 : 2176
	(νCN).
	1 H NMR
	(500 MHz, THF-d 8 ) δ(ppm)= 8.25 -8.22 (m, 8H), 7.95 -7.90 (m, 6H), 7.81 -7.72 (m, 14H),
	7.06 -7.03 (m, 8H). 13 C NMR (126 MHz, THF-d 8 ) δ(ppm)= 150.58, 150.16, 136.59, 135.89,
	135.81, 131.59, 131.48, 121.19. HR-MS (ESI) m/z (M+H) + : calcd. for C24H16AuN4S8H + :
	812.8812; found 812.8805. λmax(DMF)/nm (ε/mol.L -1 .cm -1 ): 277 (5300); 355 (2900).
	CP 5: In a crystallization tube, a CHCl3 solution of 1 (0.8 mL, 2.8 mM) was layered with an
	EtOH/CHCl3 (0.2 mL, 1/1) buffer, then an EtOH solution of Mn(NCS)2•(4Py)4 (0.8 mL, 4 mM)
	was added. Light orange crystals were obtained after few days. The combination of the crystal
	batches of six tubes afforded 4 mg of CP 5 (33%). Elemental analysis calculated for
	C52H32Au2MnN8S10(CHCl3) C, 38.40; H, 2.00; N, 6.76. Found: C, 38.77; H, 2.29; N, 6.86. This
	indicates partial desolvation. IR (ATR) ν/cm -1 : 2058 (νCN).

Table 2

 2 Crystallographic data for compounds 1-3 and networks 5-6. R1 = |‪Fo||∑ -;|‪Fo|∑/||‪Fc| wR2 = [∑w(Fo 2 -Fc 2 ) 2 /∑wFo 4 ] 1/2 .

			1	[Ph4P]2	3	5	6
	Formula		C25H16AuN3S4 C48H36AuN4P	C13H8AuN2OS	C54H34Au2Cl6	C52H32Au2Co
				S8	4	MnN8S10	N8S10
	FW		683.66	1153.22	336.45	1777.06	1542.32
	Crystal system Monoclinic	Monoclinic	Orthorhombic Triclinic	Monoclinic
	Space group	C2/c	C2/c	Pnma	P-1	P2/m
	a / Å		17.0312(9)	26.2783(8)	6.6912(9)	9.2529(4)	9.6303(5)
	b / Å		10.1352 (9)	7.3186(2)	20.226(3)	11.2570(5)	12.2272(6)
	c / Å		26.7022(15)	25.1423(7)	10.1274(13)	17.2470(7)	17.1845(8)
	α / °					93.549(2)
	 / °		98.850(3)	99.6630(10)		105.442(2)	96.342(2)
	 / °					92.552(2)
	V /Å 3		4554.3(5)	4766.8(2)	1370.6(3)	1724.80(13)	2011.12(17)
	Z		8	4	4	1	1
	T / K		173 (2)	173 (2)	173 (2)	173 (2)	173 (2)
	µ / mm -1		6.848	3.509	0.687	4.998	4.133
	Refls. coll.	80529	26684	9721	132896	140168
	Ind.	refls.	6714 (0.0591) 6865 (0.0411) 2051 (0.0556) 9509 (0.0401) 6191 (0.1547)
	(Rint)					
	R1 (I>2 (I)) a 0.0293	0.0251	0.0363	0.0268	0.0782
	wR2 (I>2(I)) a 0.0670	0.0570	0.0918	0.0658	0.1917
	R1 (all data) a	0.0354	0.0348	0.0495	0.0315	0.0920
	wR2 (all data) a 0.0688	0.0605	0.0990	0.0681	0.1999
	GOF		1.088	1.027	1.043	1.044	1.157

a

Table 3

 3 Crystallographic data for networks 7 and 8.

			7	8
	Formula		C54H32Au2Cd2	C26H16AuCoN
			N10S12	7S8
	FW		1824.35	938.83
	Crystal system Orthorhombic Orthorhombic
	Space group	Pbca	Cmca
	a / Å		20.1754(12)	17.2166(7)
	b / Å		7.5445(4)	24.8010(8)
	c / Å		37.558(2)	25.0137(12)
	V /Å 3		5716.9(6)	10680.6(8)
	Z		4	8
	T / K		173(2)	173(2)
	µ / mm -1		6.338	3.386
	Refls. coll.	256169	102363
	Ind.	refls.	8423 (0.0810) 8063 (0.1578)
	(Rint)		
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