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Gold Complexes of Trithiocyanuric Acid: A Two-Dimensional Polymer Assembled through
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In the design of new supramolecules possessing interestingScheme 1

structural and physical or chemical properties, the strategy of self-
assembly through weak intermolecular interactions is of central
importance. The mutual attraction between gold(l) centers, termed
aurophilicity, is similar in strength to a hydrogen bond-(7L
kcal/mol) and so can be exploited in the design of supramolecular
materials>~® Short gold--gold contacts are prominent in structures
of gold(l) thiolates:® most notably in the antiarthritic drug gold
thiomalate which, in the derivative MNasAwL(LH) (L
[O.,CCH,CH(S)CQ]®"), arranges in a double-helix structure in
the solid state through- S—Au—S— chains linked by interchain
Au--+Au bonding® These recent discoveries suggest a bright future
for crystal engineering in gold(l) chemistry, and this paper reports
an interesting example found in studies of trigold(l) complexes
of trithiocyanuric acid, in which an unexpected reaction led to
formation of an interesting sheet structure through multiple
intermolecular Aer-Au bonded self-assembfy.

Reaction of LAUCI (L= phosphine, phosphite, isocyanide) with
Nag[(N3Cs)S;] yields the trigold complexes [(3C3){ SAuL}5-2,4,6]
(1-5) in high yield, according to Scheme 1. Compleges were
isolated as pale yellow air-stable solids, which were sparingly
soluble in nitrobenzene/CGRI, solutions. All complexes have
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An attempt was made to grow crystals of the derivatje
which has smallet-BuNC ligands and so is more likely to form
intermolecular Aw--Au bonds. However, the complex decom-

been characterized by spectroscopy and by elemental analysisposed to complex during crystallization from nitrobenzene by

They have symmetricals, structures, as shown by the presence
of singlet resonances in ti&P NMR spectra of the phosphine or
phosphite derivatives. The structure of complexL = PPh)
was confirmed by X-ray diffraction and is shown in Figure 1;

loss of ong-BuNC ligand, an apparently unprecedented migration
of one AuL group from sulfur to nitrogen, and dimerization, as
shown in Scheme 1. Once formed, compkxs insoluble in

common organic solvents, and it was characterized by a structure

this structure confirms the presence of a PAUS rather than a PAuNdetermination (Figure 2a). Compléxis a hexagold(l) complex

linkage, with an approximately planar (NCSAgR)nit. This
conformation leads to short AuN distances of 3.003.11 A,
shorter than the sum of the van der Waals radii for Au and N
(3.25 A). However, the PAu—S groups are approximately linear,
ranging from 175.5(2) to 177.7(2)therefore, any Att-N bonding
must be weaR.In contrast, the benzerdexathiolate complex
[{CSAuUPPR} ¢] contains 3-coordinate gold(l) centers with bridg-
ing thiolate group$8.As a result of the planar structure and the
presence of bulky PRHhigands in complex 1, there are no short
intermolecular Aer-Au interactions.
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and contains gold atoms in three different environments, with
linear anionic [S-Au(1)—S]~, neutral [S-Au(2)—CN-t-Bu], and
cationic [N—Au(3)—CN-t-Bu]* units. The “dimerization” occurs
by formation of two linear SAu(1)S groups by coordination to
sulfur atoms from the 2,6-positions of two aromatic rings to give
a 12-membered A$,Cs macrocycle. An Au(3)L unit, which had

(7) Synthetic Procedure for [(NsC3){ SAu(PPh)} 3] (1). To a solution of
trithiocyanuric acid trisodium salt (68 mg, 0.168 mmol) in MeOH (2
mL) was added a solution of (E®)AuCI (0.250 g, 0.505 mmol) in THF
(30 mL). The mixture was stirred for 12 h in the absence of light, after
which the pale yellow solid precipitate was collected by filtration, washed
with H,O, MeOH, acetone, and ether, and dried under vacuum. Yield:
0.237 g, 91%. Anal. Calcd for gH4sN3SsPsAus: C, 44.1; H, 2.9; N,
2.7.Found: C,43.8;H,2.9; N, 2.7. Selected data: NMR in nitrobenzene-
ds: 1, 6(3*P) 36.97 (s)2, 6(*H) 1.50 (s,t-Bu); 3, 6(*H) 3.86 (m, OMe),
O(3P) 122.71 (s)4, 6(%P) 105.08 (s)5, O(IP) 56.96 (s). IR (Nujol):

2, (C=N) 2232 cml; 6, »(C=N) 2234 cm. X-ray data: 1-2E£O
(crystals grown by diffusion of ether into a solution in nitrobenzene),
CesHesAU3N3OP:Ss, fw = 1700.19, trigonalP3, a = 29.259(1) Ac=
14.213(1) Ay = 12¢°, V = 10537.4(10) A Z = 6, dearca= 1.608 Mg/

m?3, 13 256 independent reflections, R4 0.0887, wR2= 0.1584;6-
PhNG (crystals grown by diffusion of pentane into a solution in
nitrobenzene/dichloromethane),8,3NeS:0,Aus, fw = 1054.51, mono-
clinic, P2y/c, a= 11.860(2) Ab = 18.345(2) Ac = 13.176(2) A5 =
107.925(6y, V = 2727.5(7) B, Z = 4, dearcs = 2.568 Mg/n¥, 3125
independent reflections, R 0.0461, wR2= 0.0800.
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Figure 1. Molecular structure ofl with its “manxane” core. Selected
distances (A) and angles (deg): PBu(l) = 2.262(5), S(1}Au(l) =
2.304(4), S(3yC(3) = 1.75(1), C(2y-N(1) = 1.34(2); P(1yAu(1)—
S(1)= 177.7(2), C(1yS(1)-Au(1) = 101.5(6).

been present in S-bonded form2nis bound to the nitrogen atom Figure 2. (a) Molecular structure of compleBwith Au--Au bonding
_ p 1 IS bou rog indicated by broken bonds. Selected distances (&) and angles (deg): Au-
in the 1-position of each aromatic ring in comp@xXWithin each (1)-S(1)= 2.287(5), Au(1)-Au(3) = 2.931(1), Au(L-Au(3)#1= 2.941-
molecule, the Au(BLAu(3), unit forms a rhombus, with unusually (1), Au(2)-C(21) = 1.89(3), Au(2)-S(2)#2= 2.280(6), Au(2)-Au(3)
short Au--Au distances of 2.931(1) and 2.941(1) A between Au- = 3.179(1), Au(3)-C(31) = 1.96(2), Au(3)-N(3) = 2.09(1), Au(3}-
(1) and Au(3) atoms and a longer Au{8Au(3) contact of 3.240- é“z(?’;gl_ :137-520!(32)? Cs(gi#iAlé(l)asél)_: 11767-17 (72), g(lefﬁLJ(g)—
(2) A, all shorter than the sum of the van der Waals radii (3.60 (2)#2 = 178.8(8), C(3LyAU(3)~ (_) = 175.1(7), AU(LyrAu(3)-
A1 The thomb | a d Au(L)#1 = 113.03(3), Au(3FAu(l)—AuB)#1l = 66.97(3), Au(2»-
). The rhombus angles Au(Au(3)—Au(1)#1 ap Au(3)-Au- Au(3)—Au(3)#1= 167.31(4). (b) Intermolecular AvAu bonding in6,
(1)—Au(3)#1 are 113.03(3) and 66.97{3)espectively. The atom  showing a central molecule with its four AwAu-bonded neighbors.
Au(2) is the only gold atom still present as a linear, neutral Methyl substituents of the BUNC ligands are omitted for clarity.

S—Au—L unit. It is attached to the sulfur atom at the 4-position
of the aromatic ring (Figure 2a). The angle 8u(1)—S= 167.7- gold(l) centers in each molecule 6ftake part in intermolecular

(2)° is distorted from linearity such that the gold atoms are ay...Au bonding, and so an extended sheetlike structure is
displaced toward the center of the AWAY(3), rhombus, clearly  formed. The two-dimensional layers are stacked parallel, with

indicating that the distortion results from the strong Ae{#u- rows of nitrobenzene molecules sandwiched between the sheets.
(3) aurophilic interactions; the €Au(2)—S and C-Au(3)—-N The structure dramatically illustrates the potential for development
linkages in6 are closer to being linear, at 178.8(8) and 175.1- of the Au--Au aurophilic attractions as a tool in both molecular
(7)°, respectively. and crystal engineerirgs

The nature of the rearrangement to foénand its molecular
structure are both unusual, and the crystal structure is especially Acknowledgment. We thank the NSERC of Canada for
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shown in Figure 2b are roughly coplanar. Overall, four of the six 1C991085B



