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A series of dinuclear (phosphine)gold(l) complexes of the ambidentate 1,3,4-thiadiazoledithiolate ligand (SSS)
were prepared in high yield from the corresponding (phosphine)gold(l) chlorides 488 %) in methanol. While
mononuclear componentsfRAuUCI with Rs = Phs, PPy, or Mg (1—3) gave open-chain complexes, the dinuclear
components CIAu(P®—E—PPh)AuCI with E = (CHyp)s, (CsH4)Fe(GHay), or 1,4-CHCsH4CH, afforded cyclic
complexes4—6). The products have been characterized by analytical and spectroscopic methods, and the crystal
structures ofl—4 have been determined by single-crystal X-ray techniques. Crystals[@H.Cl,),] and 2
(CH.CI,) contain the molecules aggregated in strings with long and probably very weak intermolecuk8 Au
contacts. The PAu—S groups are aligned parallel head-to-tail and shifted in opposite directions to reduce steric
conflicts, thus ruling out aurophilic At+Au bonding. By contrast, in crystals 8f(CH,Cl,) with smaller tertiary
phosphine ligands, the molecules are aggregated via short [3.0089(3) and 3.1048(5) A] and probably strong
aurophilic bonding to give a two-dimensional network with tetranuclear units formed from foyPj&S moieties

of four different molecules as the connecting elements. In these tetranuclear ungBjAd8—],4, the P-Au—S

axes are rotated against each other (“crossed swords”) by 1F®5Au2:--Au2'—P2) or 116.9 (P2—Au2---

Aul —P1), respectively, to minimize steric conflicts. There is also significant bending of th&uP-S axes to

bring the metal atoms closer together:-/ul—S1= 171.88(8) and P2-Au2—S2= 165.52(8J. In the crystals

of the cyclic complex4 which contain no solvent molecules, the molecular units are aggregated in strings with
short closed-shell interactions between the gold atoms of neighboring molecules [3.1898(3) A]. Because of the
metallocyclic structure, the shielding of the gold atoms is reduced to allow aurophilic bonding as Alue-B

groups are rotated against each other (crossed) by a dihedral angle PAu—P of 74.6.

Introduction In the present study, 1,3,4-thiadiazole-2,5-dithiol was chosen
as a complexing agent for gold(l) because it offers both thiol
and thioether functionalities in close proximity. It thus should

) ) be an ideal substrate for the construction of multinuclear
aryl, etc.; L= neutral donor ligand) are the basis of most ,mplexes with metals attached to no less than three sulfur
classical “liquid golds” for the glass and ceramics industty,  41oms. With the given ligand geometry, aurophilic bonding
of gold pastes used in the electrical industry and in micro- peyeen these metal atoms could further improve the stability
electronics; and of gold drugs in chemotherapgold thiolate of the assembly. It could also give rise to interesting photo-
functions are the key connectivities between the surface of bulk physical properties, as amply demonstrated for some related
gold and the substrate films in self-assembly monolayer systems which exhibit intense photoluminescence.

nanotechnology. The high affinity of gold for the heavy The rigid molecular geometry of the ligand as compared to

ghgtlﬁggies no?ﬁgsnfﬂ(guﬁlgészfdrﬂ?’ ?:d;gi%réin;r)oﬂovgf dthe flexible a,w-dithiols® was expected to have a template function
Y y ' ! prep 9 in the aggregation of the complexes in the solid state and to

Z?gstﬁggggg)li:&Egg:at?;’s?gg% u?;;?i?/zt ?c]: thifde S:g::logﬂgsinduce the formation of multidimensional patterns. It should
y y 9 also be instrumental in the construction of macrocycles with

organic disulfides. The affinity of gold for thioethers is much . .y . - o
lower, but (RS)AuX complexes are, nevertheless, often very suitable wide-span difunctional auxiliary donor molecules.

useful components in reactions with gold compounds.

Gold thiolates are by far the most important class of gold
compounds. Complexes of the type AuSR or LAUSRRIkyl,

(5) Hao, L.; Lachicotte, R. J.; Gysling, H. J.; Eisenberg|ri®rg. Chem.
1999 38, 4616.
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(2) Rapson, W. S.; Groenewald, Gold Usage Academic Press: London, Chem.1994 33, 5940. (d) Gimeno, M. C.; Jones, P. G.; Laguna, A;
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Table 1. Crystal Data, Data Collection, and Structure Refinement of Compolinds

[(PhsP)AUL(SSS)2CH.Cl,  [(PyPhP)AU(SSS)ICH.Cl,  [(MesP)AUL(SSS)CH,Cl,  [(CH2)sPPh)AU]A(SSS)
1) 2 ©) 4
Crystal Data
formula CioH34AUCLINPSs Cs7H30AU2CIoNAP,S; CoH20AU,CloN2P,S; CaoH3AUNP,S;
fw 1236.55 1153.60 779.22 996.65
crystal system triclinic monoclinic orthorhombic monoclinic
space group P1 P2:/c P2:2,2 Cc
a(A) 9.2693(2) 18.1244(3) 19.6269(4) 16.3301(2)
b (A) 13.4776(3) 14.9068(2) 9.8542(1) 11.3261(2)
c(A) 18.4608(4) 15.2270(2) 10.5076(2) 18.3039(2)
o (deg) 103.874(1) 90 90 90
S (deg) 96.776(1) 113.801(1) 90 107.392(2)
y (deg) 106.873(1) 90 90 90
V (A3 2098.5(1) 3764.1(1) 2032.3(1) 3230.7(1)
peaic(g cn3) 1.957 2.036 2.547 2.049
VA 2 4 4 4
w(Mo Ko (cm™t) 74.96 82.14 151.14 93.90
abs correctioMminmax SCALEPACK* DELABS/0.311/0.747 DELABS/0.211/0.678 DELABS/0.464/0.825
Data Collection
T(°C) —-120 —-130 —130 -130
scan mode @ rotation @ rotation @ rotation @ rotation
measured reflns 73330 86 251 40 295 37623
unique reflns 10 383 R = 0.0450] 12549 Rt = 0.0800] 6333 Rn=0.0677] 10 505 Rt = 0.0606]
Refinement

refined params 615 451 182 370
final Rvalues
[1 > 20(1)]

R12 0.0431 0.0524 0.0479 0.0315

wWR2® 0.1216 0.1044 0.1245 0.0836
Flack parameter 0.07(1) 0.005(6)

aR1 = S(||Fo| — [Fel|)/3|Fol. PWR2 = {[SW(Fs2 — FA2/S[WFDZ} 2 w = 1/[0’Fs + (ap)? + bpl; p = (F + 2FH/3; a = 0.0797 (),
0.0000 @), 0.0678 8), 0.0000 &); b = 4.08 (1), 20.99 @), 11.04 @), 0.00 @).

1,3,4-Thiadiazoledithiol has been used in the past as a Iigandbis_(diphenylphosphino)ferrocene (dppfor a,(x'-bi_s(diphenylphos-
for many main-group and transition-metal cations from various phino)p-xylene (dppx))® were prepared by following literature pro-

parts of the periodic tabl&;!* but it appears that gold was
included in these studies only in passidddecause of the low
solubility of the bismuth(lll) salt, which makes the dithiol a
specific reagent for Bi(lll) in analytical chemistry, 1,3,4-
thiadiazoledithiol has, for some time, been referred to as
“Bismuthiol I"; however, this nomenclature has fallen out of

use.

2-amino-1,3,4-thiadiazole-5-thiol as a ligand for gold@i)The

cedures.

[(Ph3P)Au]2(SSS) (1).A solution of KSSSK (69 mg, 0.31 mmol)
in methanol (5 mL) was added dropwise to a stirred solution of
[PhsPAUCI] (300 mg, 0.61 mmol) in dichloromethane (20 mL). After
being stirred for 2 h, all of the solvent was removed under vacuum.
The residue was dissolved in dichloromethane (20 mL) and filtered
through diatomaceous earth to remove KCI. Pentane (25 mL) was added

i . ) to precipitate the colorless product in 95% (310 mg) yield. MS (FAB)
The work in this laboratory has also recently considered nve: 1066, 41% [MF, 720, 30% [Au(PP$),]*, 459, 100% [AuPP}™.

31p{1H} NMR (CD,Cl,): 38.9 (s) ppm.iH NMR (CD,Cly): 7.45-

results have shown that this closely related aminothiol can give 7.60 (m, GHs) ppm.*3C{*H} NMR (CD.Cl,): 166.8 (s, NC,S;), 134.2

rise to a variety of structural designs, including connectivities
between the molecular units based on closed-shett Awand

Au-—S interactions and hydrogen bonding.

Experimental Section

General Information. Experiments were carried out routinely in
air. Instruments were an NMR JEOL GX 400 spectrometer using
deuterated solvents with the usual standards 4€2&nd an MS Varian
MAT311A instrument (FAB p-nitrobenzyl alcohol). 2,5-Dimercapto-
1,3,4-thiadiazole dipotassium salt (KSSSK) is commercially available.
The complexes [FPAUCI] (R = Me or Ph)!*[CIAUPPh(2-Py)] > and
[PP(AUCI)] (PP = 1,6-bis(diphenylphosphino)hexane (dpphl,1-

(d, o/m-CeHs, Jep = 14.0 Hz), 131.8 (dp-CeHs, Jep = 2.6 Hz), 129.2
(d, o/m-CeHs, Jop = 11.4 Hz), 129.1 (dipso-CeHs, Jop = 58.1 Hz)

ppm. Anal. Calcd for GH30AUNP,Ss: C, 42.79; H, 2.84; N, 2.63.
Found: C, 42.32; H, 2.52; N, 2.39.

[(PyPh,P)Au](SSS) (2) A solution of KSSSK (46 mg, 0.20 mmol)

(7) (a) Bats, J. WActa Crystallogr, Sect. BL976 32, 2866. (b) Zaidi, S.

A. A; Varshney, D. K.J. Inorg. Nucl. Chem1975 37, 1804.
(8) Mura, P.; Olby, B. G.; Robinson, S. horg. Chim. Actal985 97,
45

9) Za.idi, S. A A; Farooqi, A. S.; Varshney, D. K.; Islam, V.; Siddiqi,

K. S.J. Inorg. Nucl. Chem1977, 39, 581.

(10) Gajendragad, M. R.; Agarwala, Bust. J. Chem1975 28, 763.

(11) Siddiqi, K. S.; Islam, V.; Khan, P.; Zaidi, F. R.; Siddiqi, Z. A.; Zaidi,
S. S. A.Synth. React. Inorg. Met.-Org. Ched98Q 10, 41.

(12) Gajendragad, M. R.; Agarwala, @. Anorg. Allg. Chem1975 415
84

(13) Tzéng, B.-C.; Schier, A.; Schmidbaur, IHorg. Chem1999 38, 3978.

in methanol (10 mL) was added dropwise to a stirred solution of
[PyPhPAUCI] (200 mg, 0.40 mmol) in dichloromethane (20 mL). After
being stirred for 2 h, all of the solvent was removed under vacuum.
The residue was dissolved in dichloromethane (15 mL) and filtered
through diatomaceous earth to remove KCI. Pentane (20 mL) was added
to precipitate the colorless product in 83% (180 mg) yield. MS (FAB)
m/e: 807, 19% [M— PPhPy]*, 724, 30% [Au(PPPy)]*, 460, 100%
[Au(PPhPY)I". 3P{*H} NMR (CD,Cl): 37.5 (s) ppm.*H NMR
(CDCl): 7.37-7.81 (m, GHs), 8.06 (t, Py,Jun = 7.7 Hz), 8.77 (d,

Dalton Trans.1982 207.

(14) Schmidbaur, H.; Wohlleben, A.; Wagner, F.; Orama, O.; Huttner, G.
Chem. Ber1977 110, 1748.
(15) Alcock, N. W.; Moore, P.; Lampe, P. A.; Mok, K. B. Chem. Soc.,

(16) Van Calcar, P. M.; Olmstead, M. M.; Balch, A. Chem. Commun.
1995 1773.
(17) Hill, D. T.; Girald, G. R.; McCabe, F. L.; Johnson, R. K.; Stupik, P.
D.; Zhang, J. H.; Reiff, W. M.; Eggleston, D. $org. Chem.1989
28, 3529.
(18) Hofreiter, S.; Paul, M.; Schmidbaur, Bhem. Ber1995 128 901.
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Py, Jun = 4.4 Hz) ppm.22C{H} NMR (CDCl): 167.3 (s, NC:Ss), Scheme 1

154.3 (d, GPy,Jcp = 81.5 Hz), 151.2 (d, &y, Jcp = 15.4 Hz), 136.8 N—N

(d, CSPy, Jep = 10.8 HZ), 134.6 (dO/rn-CeHs, Jop=13.8 HZ), 131.9 /< »\
(d, p-CeHs, Jcp = 2.3 Hz), 131.4 (dipso-CeHs, Jop = 32.3 Hz), 129.1 ks g sk

(d, o/m-CeHs, Jcp = 12.3 Hz), 128.5 (s, Py), 125.4 (d, Py, Jep =
2.3 Hz) ppm. Anal. Calcd for &H2sAuN4P.S;-2CH,Cly: C, 36.85;
H, 2.60; N, 4.52. Found: C, 36.39; H, 2.44; N, 4.67.
[(Me3P)Au](SSS) (3)was prepared in an 84% yield in a similar
manner using [MgAuCl] instead of [P§PAuUCI]. MS (FAB)m/e: 694,
17% [M]*. 31P{1H} NMR (CD,Cl): 1.6 (s) ppmtH NMR (CD.Cly):

-2KC! | 2CIAUPR,

1.59 (d, CH, Jup = 11.0 Hz) ppm. Anal. Calcd for g§E15AUN2P,Ss: '}‘_’i'
C, 13.84; H, 2.61; N, 4.03. Found: C, 13.70; H, 2.74; N, 3.95. 3/43)\8
[(dpph)Au](SSS) (4).A solution of KSSSK (24 mg, 0.11 mmol) ¥ A

in methanol (5 mL) was added dropwise to a stirred solution of Fl’R FLR
[dpph(AuCl)] (100 mg, 0.11 mmol) in dichloromethane (20 mL). After : ¢
being stirred for 3 h, all of the solvent was removed under vacuum.
The residue was dissolved in dichloromethane (20 mL) and filtered
through diatomaceous earth to remove KCI. Pentane (25 mL) was added
to precipitate the colorless product in 65% (70 mg) yield. MS (FAB) N—N
me 996, 100% [M}, 651, 63% [Au(dpph)]. 3P{*H} NMR /< )\
(CD,Clp): 30.7 (s) ppmH NMR (CD.Cl,): 0.86, 1.25, 1.46, 1.58, KS™ g7 SK
2.39 (sx 6, —CH.—), 7.477.67 (m, GHs) ppm. Anal. Calcd for
CaoH3zAUuNLP,Ss: C, 38.56; H, 3.24; N, 2.81. Found: C, 38.05; H, -2 KCl | dpph, (AuCl), -2 KC! | dppx, (AuCl), -2 KCI | dppf, (AuCl),
3.32; N, 2.49.

[(dppx)Au2](SSS) (5).A solution of KSSSK (24 mg, 0.11 mmol)
in methanol (5 mL) was added dropwise to a stirred solution of
[dppx(AuCl),] (100 mg, 0.11 mmol) in dichloromethane (20 mL). After
being stirred for 0.5 h, all of the solvent was removed under vacuum.

N—N - N—N N—N
The residue was dissolved in dichioromethane (20 mL) and filtered 4 . M )\s 5/4 /\\S
through diatomaceous earth to remove KCI. Pentane (25 mL) was added ? s S S| S | | s ;\\

Au u

PR3 = PPhg, Phypy, PMe;
1 2 3

1
to precipitate the colorless product in 46% (50 mg) yield. MS (FAB) ‘1*“ ’|\“ ‘|‘“ A”\
mle: 1016, 9% [M]. *1P{*H} NMR (CD.Cl,): 31.0 (s) ppm*H NMR PhaR PPh, PhoP FPhy PhoR PPh,
(CD:Cly): 3.56, 3.59 (sx 2, ~CHy—), 6.92 (s, GHa), 7.39-7.66 (m, \—\_/—/ s O'_Fe“@
CeHs) ppm. Anal. Calcd for GH2sAUNP.S;: C, 40.17; H 2.78; N,
2.76. Found: C, 39.87; H, 2.90; N, 2.38. 4 5

[(dppf)Au 2](SSS) (6).A solution of KSSSK (22 mg, 0.10 mmol)
i[g mf?thar}?I] ((5 mL) was addecli) drgp"r‘]’:se to ";‘] Sti”(ed 50';1“0; of nuclear substrates CIAutLAUCI with difunctional ligands
ppf(AuCl),] (100 mg, 0.10 mmol) in dichloromethane (20 mL). After L—L = 1,6-bis(diphenylphosphino)hexarea’ -bis(di )
. ; =1, o'-bis(diphenyl
being stirred for 2 h, all of the solvent was removed under vacuum. phosphino)e-xylene, and 1tbis(diphenylphosphino)ferrocene

The residue was dissolved in dichloromethane (20 mL) and filtered dded i 11 | . fford i i -
through diatomaceous earth to remove KCI. Pentane (25 mL) was addedVE'€ added in a L1 mofar ratio to afford cyclic or oligomeric

to precipitate the pale-yellow product in 65% (70 mg) yield. MS (FAB) dinuclear products4-6; Scheme 1).

m/e: 1096, 39% [MT, 751, 22% [Au(dppfi. 31P{*H} NMR (CsDe/ Compoundsl—5 were generally obtained in high yields as
CD.Cly, 1:1): 33.3 ppm!H NMR (CeDe/CD.Cly, 1:1): 4.39, 4.79 (s(br) colorless crystalline solids. The ferrocene derivaéig a pale-

x 2, GHy), 7.42-7.48 (m, GHs) ppm. Anal. Calcd for GgHagAu,- yellow solid. The composition of the compounds has been
FeNP,Sy C, 39.43; H, 2.57; N, 2.56. Found: C, 39.61; H, 3.04; N, confirmed by microanalysis. The mass spectra of the complexes
2.85. show the parent ion with high intensity, and th¢, 13C, and

X-ray Crystallography. Specimens of a suitable quality and size  31p NMR spectra are in agreement with the proposed structures.
of compoundsl—4 were mounted on the ends of quartz fibers in Only one set of resonances is obtained for theAl or Au—
F06206R oil and used for intensity data collection on a Nonius DIP2020 L—L—Au units, indicating the symmetrical bonding of these
diffractometer, using graphite-monochromated Mw tadiation (Table moieties at the,five-membered ring. Compouteg could be

1). Intensity data of all of the compounds were corrected using the btained inal tal d their struct h b
program SCALEPACK. Data of compoung@s 4 were further corrected obtained as single crystals, an eir structures have been

for absorption effects (DELABS from PLATON). The structures were determined.
solved by a combination of direct methods (SHELXS-97) and difference
Fourier syntheses and refined by full-matrix least-squares calculations CTyStal and Molecular Structures
on F? (SHELXL-97). The thermal motion was treated anisotropically Compoundl [(PhsP)AulL(SSS) crystallizes (from dichloro-
for all of the non-hydrogen atoms. All of the hydrogen atoms were -\ athane Jayered with pentane) in the triclinic space grélip
calcu_late_d and allowed to ride on their parent atoms with fixed isotropic with two molecules of the complex and four molecules of
contributions. . : .
dichloromethane in the unit cell. These molecules have no

crystallographically imposed symmetry. The ring system and
the thiolate sulfur atoms are coplanar, and ongPRl group

The potassium salt of 1,3,4-thiadiazole-2,5-dithief &SS) is above and one below the ring plane (Figure 1), but as shown
is commercially available. It is a convenient reagent for by the two dihedral angles AuiS1-C1-S3 and Au2-S2—
(phosphine)gold chlorides in methanol as a solvent. Mono- C2—S3 (144.8 and 464 respectively), the two BRAu groups
nuclear substrates LAuUCl with & triphenylphosphine, di- are folded away in opposite directions. Therefore, there is no
phenyl(1-pyridyl)phosphine, or trimethylphosphine as the aux- approximation to point groups; or Cs. The P-Au—S groups
iliary ligands have been employed in the molar ratio 1:2 to give are close to linear, and the two A and two Au-S distances
dinuclear complexes of the type LAuU(SSS)Aul—3). Di- are equivalent within the limits of standard deviations (see the

Preparative Results
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Figure 3. Molecular structure of compound [(Pyf)Aul,(SSS) 2)
(ORTEP drawing with 50% probability ellipsoids and H atoms omitted
for clarity). Selected bond lengths [A] and angles [deg]: A®lL=
2.255(2), Aut-S1 = 2.320(2), Au2-P2 = 2.264(2), Au2-S2 =
2.302(2); P+Aul—-S1=176.88(5), P2Au2—S2=173.82(6), Aut
S1-C1-S3= 145.7, Au2-S2—-C2—-S3= 40.5.

drawing with 50% probability ellipsoids and H atoms omitted for
clarity). Selected bond lengths [A] and angles [deg]: A®l =
2.252(1), AutS1 = 2.314(1), Au2-P2 = 2.255(1), Auz2-S2 =
2.304(1); P+Aul—S1= 176.18(4), P2 Au2—S2= 176.18(4), Aut
S1-C1-S3 = 144.8, Au2-S2—-C2—S3= 46.4.

Figure 2. Chain structure of compound showing the shortest
intermolecular contacts AukS2A (3.85 A) and Au2:S1B (4.24 A).
The distance Aut-Au2A is 4.872 A.

. . - Figure 4. Molecular structure of compound [(Me)AuL(SSS) 8)
caption to Figure 1). The shortest intermolecular contacts are (ORTEP drawing with 50% probability ellipsoids and H atoms omitted

those between the gold and sulfur atoms of neighboring tor clarity). Selected bond lengths [A] and angles [deg]: AL =
molecules [Aut:+S2A = 3.850 A] and not between the gold 2.265(2), AUL-S1 = 2.336(2) Au2-P2 = 2.277(2), Au2-S2 =
atoms (4.872 A) (Figure 2). This is not really surprising because 2.328(2); P+Aul—S1= 171.88(8), P2 Au2—S2= 165.52(8), Aut
steric effects of the triphenylphosphine ligands can prevent a S1-C1-S3= 8.2, Au2-S2-C2-S3= 18.9.

closer approach of metal atoms. The two neighborirg\&—S .

axes are arranged parallel and head-to-tail, as in the crystals of\U2—S2-C2—S3 are 145.7 and 40 5respectively, and thus,
many other (BP)AuX compounds, but the two triples are shifted Cl0S€ o those in complek L

either to minimize steric repulsion or to optimize crystal packing. | "€ nitrogen atoms of the pyridine rings have been located,
This brings the gold and sulfur atoms closer together. An but thgre is no.speual orientation of these ring systems which
analogous packing (or no close contacts at all) has been observeti/ould indicate intra- or intermolecular coordination (Figure 3).
with several other (P#)AuSR and (RNC)AuSRcomplexes, The main crystallographic difference be_twebandz is, thus,
generally in dimerd® 23 whereas, for compount, strings of the presence of fewer GBI, molecules m_the Iatter._CIearIy,
molecules are formed, owing to the dinuclearity of the complex. € Steric effects of the phenyl and pyridyl substituents are

Crystals of compound, [(PyPhP)AUL(SSS) (also from similar; therefore, the supramolecular association pattern is

dichloromethane/pentane), are not isomorphous with those Oflargely the same, including even sensitive parameters such as
' o he dih I I iously di . The high lari
1 but were found to be monoclinic of the space grdefa/c the dihedral angles (previously discussed). The higher polarity

with Z =4 molecules of the complex and four solvent molecules of the pyridyl groups appears to play no significant role in the

in the unit cell. Both the conformation of the individual packing.
molecules and their aggregation are similar to that of thd®Ph compounds, [(MesP)Aul(SSS), crystaliizes (from CAE1/

analogue, and there are only very minor differences, even in pentane) in the orthorhombic space grdp2,2 with 2 = 4
’ . ! formula units and four dichloromethane molecules in the unit
the details. The dihedral angles Au$1-C1-S3 and

cell. Crystallographically, the molecules have no symmetry;
however, the geometry is reminiscent of the requirements of
(19) Preisenberger, M.; Schier, A.; SchmidbaurJHChem. Soc., Dalton point groupC,, with the 2-fold axis passing through both S3

Trans.1999 1645. . . .-
(20) Preisenbe?ger, M.: Bauer, A.: Schier, A.: SchmidbaurJHChem. and the middle of the NN_ bond (Figure 4). The deviations of
Soc., Dalton Trans1997 4753. the gold atoms from the ring plane are much smaller than those
(21) Preisenberger, M.; Schier, A.; Schmidbaur, Z.Naturforsch., B: for 1 and2, and the dihedral angles are similar because of the
(22) %21(2hmrﬁgr?:llglgaEs?”BZ)sdtlosky—Bettis S. A,; Glennon, S. C.; Sirchio folding of the MePAu groups in the same direction (toward
S. A.J. Am. Chem. So@00Q 122, 7146. T " sulfur atom S3): AutS1-C1-S3=8.2° and Au2-S2—-C2—

(23) Mathieson, T.; Schier, A.; Schmidbaur,IHorg. Chem.in preparation. S3=18.9.
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Figure 5. Two-dimensional network of compour8(Au2:--AulB =

3.0089(3) A, Au--Au2C = 3.1048(5) A). Figure 6. Molecular structure of compound [(GHPPhAU]»(SSS)

(4) (ORTEP drawing with 50% probability ellipsoids and H atoms
) ) . omitted for clarity). Selected bond lengths [A] and angles [deg]: Aul

The molecules are aggregated into a novel two-dimensional p1 = 2 265(1), Aut-S1= 2.310(1) Auz-P2= 2.275(1), Au2-S2=
network via close Au-Au bonding. Four MgPAuUS groups of 2.320(1); P+Aul—S1= 169.91(6), P2Au2—S2=176.19(6), Aut
four different molecules are grouped together in tetranuclear S1-C01-S3= 11.8, Au2-S2-C02-S3= 52.7.
units with distances Au2-AulB = 3.0089(3) and Auz2-Au2C
= 3.1048(5) A. The neighboring MBAUS groups are not
parallel (head-to-head) or antiparallel (head-to-tail) but crossed
with dihedral angles P2Au2---Au2'—P2 = 116.0 and P2-
Au2---Aul'—P1 = 108.5. The aggregation of independent
LAuX molecules into isolated tetramers or as parts of chainlike
formations has been observed previoudly33 and the confor-
mation of these aggregates is similar to that found in compound Figure 7. Formation of aggregates via AuAu contacts in compound
3. The present case is unique, however, in that the tetranuclear* (Aul-+Au2A = 3.1898(14) A).
units are part of a two-dimensional structure connecting o ) )
difunctional components into a network (Figure 5). a symmetry operation is to & 2-fold axis passing through both

In the absence of any steric crowding by the tertiary S3 @nd the middle of the G3C4 bond. , S
phosphine group, the aurophilic interaction is clearly the The heterqcygles are arranged |n'str|ngs W.It.h the |nd|V|duaI
dominating supramolecular force which overrules-A8 in- molecular units tied together solely via aurophilic bondlng. The
teractions or other van der Waals-type bonding. It should be distances Aut-Au2A are 3.1898(14) A, and theAu—S units
noted that the gold atoms appear to be drawn together quite@r® bent with angles PiAul—S1= 169.91(6) and PZAu2—
strongly, leading to a very significant bending of the Ru—S S2=176.19(6). The dihedral angle PiAul:--Au2'—PZ is
angles which are already 171.88(8pr P1-Aul—S1 and as 76_.4?, indicating, again, a crossing of the twe-Ru—S units
small as 165.52(8)for P2—Au2—S2. (Figure 7).

Crystals 0f4, [(CH,)3sPPhAU]2(SSS) (from dichloromethane/
pentane), are monoclinic of the space grd@@pwith Z = 4
formula units in the unit cell. There are no solvent molecules At first glance, the series of (phosphine)gold(l) thiolates
in the crystal lattice. The dinuclear complex is a 14-membered presented here appears to be just another group of representatives
heterocycle. The two PAUS units are folded toward the central of this perhaps most common class of gold compounds.
sulfur atom (S3) on the same side of the thiodiazole ring with However, an inspection of the structural details and a compari-
quite different dihedral angles: AulS1-C01-S3 and Auz- son with the existing wealth of data support some concepts
S2-C02-S3 of 11.8 and 527 respectively (Figure 6). The  emerging recently in the interpretation of bonding between
hexanediyl chain bridging the two phosphorus atoms is in a closed-shell atoms.
stretched all-trans configuration. The closest approximation to  The first point is the dominating influence of steric effects
exerted by neighboring ligands. The bulk of a triphenylphos-
(24) Mathieson, T.; Schier, A.; Schmidbaur,HChem. Soc., Dalton Trans. phine ligand can be sufficient to prevent AtAu bonding,

2000 3881 and references therein. particularly in cases where the packing is more favorable for

(25) Bauer, A.; Schmidbaur, H. Am. Chem. So0d.996 118 5324. . . . .
(26) Pyykkq P.; Schneider, W.; Bauer, A.; Bayler, A.; Schmidbaur JH. monomers than for dimers. Perhaps not surprising, this is also

Conclusions

) Chem. Soc., Chem. Commur@97, 1111. true for the diphenyl(1-pyridyl)phosphine ligand, which is
§2Q JA%r;(en?’s,PH?N.f\EEﬁgrs,’\;l\z/ﬁ?esrrt?ﬁd%?ri%?Y’Aﬁi?g}gA:hzz Chem1982 isoelectronic and equally space-filling. It should be noted that
485, 81. there is no evidence for a special orientation of the pyridyl
(29) Conzelmann, W.; Hiller, W.; Strée, J.; Sheldrick, G. MZ. Anorg. nitrogen donor atom toward a metal center of the same or a
Allg. Chem.1984 512 169. _ o _ , neighboring molecule. The conformation of the,PyP group
(30) Eérn%;gé.éﬁﬂl'nggg{b\é\g,Z,Asggggrg.eler, K., Schier, A.; Schmidbaur,  5nhears to be determined only by general packing forces.
(31) Angermeier, K.; Zeller, E.; Schmidbaur, H.Organomet. Cheni994 Nevertheless, the exchange of aPlfor a PRPyP ligand leads
472 371. . ) to different solvation: the crystal of the ffhcomplex contains
(32) Qh”aﬁggg :‘é”;"é'gus' B.; Oskarsson, A.; Dreisch, Kcta Chem. two CH,Cl, molecules, while that of BRyP has only one per
(33) Sf:?lrr]ni'dbaur, HGold Bull. (Genea) 200Q 33, 3. molecule of complex. This observation illustrates the delicate

(34) Otwinowski, Z.; Minor, W.Methods Enzymoll997, 276, 307. balance of weak packing forces in the crystals.
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Scheme 2
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Even if Au---Au bonding is ruled out by steric effects, the

Inorganic Chemistry, Vol. 40, No. 24, 2006271

be the most efficient mode in which the most intimate bonding
can be realized as reflected by short-Adu distances, by
extensive bending of the-FAu—S units, and by a crossed
arrangement instead of a parallel head-to-tail association.
Metallocyclic compounds of the typé—6 show reduced
shielding of the gold atoms, even though the substituent pattern
is similar to that of the Py and PhBPyPp complexes. Steric
crowding is less in the periphery of rings as compared to
chainlike molecules; therefore, compoufidvith two exocyclic
phenyl groups at the neighboring phosphorus atom, can still
form short intermolecular Au-Au bonds (Scheme D). It
should be pointed out that the system could be based on an
isomeric structure (SchemeR) with alternating ligand bridges
and that there should even be a mechanism to transform the
two isomers into each other. We are presently engaged in studies

complexes show a clear preference for aggregation (head-to-Of such interconversions.

tail) through contacts between the diatomic-ASI units over
other types of contacts. As a result of a shift of these units along
two parallel lines, the shortest distance between the two
components is the AerS contact as an edge of an /&4
parallelogram (Scheme B,andC), whereas, in aurophilicity-
determined patterns, the AwAu contacts are the shortest
(Scheme 2A). This mode has been observed as a recurrent
motif in several gole-sulfur compounds recently and seems to
be of a more general significané& !

If reduced ligand bulk is the factor permitting aurophilic
bonding, as detected for the MRcomplex3, the aggregation
may go well beyond simple dinuclear units and reach higher
nuclearity. Tri- and, in particular, tetranuclear units appear to
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