3932

Inorg. Chem. 1994, 33, 3932-3938

Dithiolates as Bridging Ligands in Di- and Trinuclear Gold Complexes. X-ray Structures of
[Auy(3,4-S;C¢H3CH;) (PPhs),], [Auz(1,3-S;C6Hy) (PPhs)1], [Aus(3,4-S2:CH3CH3) (PPh3)3ICIO,,
and [Au(PPh;Me);][Au(3,4-S,C¢H3CH3;),]

M. Concepcién Gimeno,' Peter G. Jones,! Antonio Laguna,’ Mariano Laguna,”! and Raquel Terrobat

Departamento dé¢ Quimica Inorgénica, Instituto de Ciencia de Materiales de Aragén, Universidad de
Zaragoza CSIC, 50009 Zaragoza, Spain, Institut fiir Anorganische und Analytische Chemie der
Technischen Universitédt, Postfach 3329, 38023 Braunschweig, Germany, and Departamento de
Quimica, Universidad de La Rioja, Obispo Bustamante 3, 26001 Logrofio, Spain

Received December 10, 1993®

The reaction of [AuCl(AsPh;)] with potassium 1,2-benzenedithiolate or 3,4-toluenedithiolate (2:1 ratio) leads to
[Auy(S-S)(AsPh;)], [S-S = 1,2-S,CeH, (1), 3,4-S,C¢H;CH; (2)] but with 1,3-benzenedithiolate the homoleptic
[Au,(1,3-S,C¢H,)](3) is obtained. Other dinuclear complexes have been prepared by reacting 1-3 with phosphines,
namely [Au;(S-S)(PR;),] [S-S = 1,2-S,C¢H, (4, 5), 3,4-S,C¢H3CH; (6, 7), 1,3-S,CsHy(8, 9); PR3 = PPh;,, PPh,-
Me]. The reaction of [Au(S-S)(PPh;),] (4 and 6) with equimolecular amounts of [Au(PPh;)(acetone)]ClO,
affords the trinuclear complexes [Au3(S-S)(PPh;);]ClO, [S-S = 1,2-S,C¢H, (10) and 3,4-S,C¢H3CH; (11)]. Gold-
(I)/gold(I1I) complexes [Au(PR;);][Au(3,4-S,CsH3CH;);] [PR; = PPh; (12), PPh,Me (13)] have been obtained
as byproducts in the preparation of 6 and 7. X ray structure determinations were performed for complexes 6, 8,
11 and 13. Complex 6 crystallizes in the space group P2;, monoclinic, with @ = 10.771(4) A, 5 = 10.726(3) A,
¢ =16.752(6) A, 8 = 101.02(3)°, and Z = 2. Compound 8 crystallizes in space group Fdd2, orthorhombic, with
a=31.182(8) A, b = 46.537(12) A, c = 8.782(3) A, and Z = 16. Complex 11 crystallizes in space group C2/c,
monoclinic, with @ = 39.583(8) A, b = 11.347(3) A, ¢ = 31.703(7) A, 8 = 120.66(2)°, and Z = 8. Compound
13 crystallizes in space group C2/c, monoclinic, with a = 17.890(7) A, b = 11.038(6) A, ¢ = 20.817(11) A, 8 =
110.96(3)°, and Z = 4. Short Au--Au contacts (ca. 3 A) are observed in 6 and 11 (intramolecular) and 8
(intermolecular). Complexes 6 and 11 also display intramolecular Au-S contacts of ca. 2.6-2.7 A, leading to an

increase of coordination number (to 3) at Au(l) in 6 and Au(2) in 11.

Introduction

The widespread applications of mono- and dithiolate complexes
of gold, e.g. as antiarthritic drugs and antitumor agents,!-* as
electrical conductors and semiconductors,* or as “liquid gold™10-12
in ceramics, have led to an increase of research activity in this
area.

Although gold(11I) complexes with dithiolate ligands have
attracted the main attention,!3-18 complexes with the metal ion
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in other oxidation states!®-22 have recently been reported.
Furthermore a formally gold(IV)23 compound has been described
that could be gold(I1I) with partially oxidized ligands, as in other
dithiolate gold complexes.!6

Here we report our results, mostly with gold(I), using dianionic
sulfur ligands: 1,2-benzenedithiolate (1,2-S,CsHy), its 3,4-
dimercaptotoluene analogue (3,4-S,C¢H3CH3), and 1,3-ben-
zenedithiolate (1,3-S,C¢H,). The structures of [Au,(3,4-S,C¢H:-
CH3)(PPh;);], [Auy(1,3-S,CsHa)(PPhy),], [Aus(3,4-S:CeH,CH;)-
(PPh3)3]CIO4, and [Au(PthMC)z] [Au(3,4—S;C6H3CH3)2] have
been established by single-crystal X-ray analysis.

Results and Discussion

The reactions between chloro(triphenylarsine)gold(I) and 1,2
benzenedithiolate, 1,3-benzenedithiolate or 3,4-toluenedithiolate
(2:1 ratio) (prepared in situ from the reaction of dithiols with
KOH in methanol), lead, despite the similarity of the ligands, to
different types of product. With 1,2-benzenedithiolate and its
toluene analogue, complexes 1 or 2, with an AsPh;:Au ratio of
only 1:2 were obtained (eq 1) whereas with 1,3 benzenedithiolate
(eq 2) a polymeric derivative containing no arsine was formed.

Complexes 1-3 are air- and moisture-stable white (1, 2) or
pale yellow (3) solids. Because of their insolubility in common
organic solvents, no NMR data can be measured. It is plausible
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Dithiolates as Bridging Ligands

Table 1. Analytical and Spectroscopic Data for Complexes
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complex anal. (%)°
no. formula H Ar? SCIP{IH})¢

1 [Auz(1,2-S,CsH4)(AsPh3)] . 34.3 (34.3) 3.35(3.35)

2 [Auz(3,4-S,CsH3CH;3)(AsPhs)], 34.8 (35.15) 2.4 (2.45)

3 [Aux(1,3-S:CeHa)ln 13.5(13.5) 0.55 (0.75)

4 [Auz(1,2-S3CsH4) (PPh3)3] 47.9 (47.75) 3.15(3.25) 5.6 35.6 (s)

5 [Auz(1,2-S,CsH4)(PPh;Me),) 41.35(41.1) 3.4 (3.25) 3.4 20.2 (s)

6 [Auz(3,4-S,CsH3CH;3) (PPh3),) 47.85 (48.1) 3.85(3.35) 4.0 36.3 (s)

7 [Au,(3,4-S,CsH3CH;)(PPh,Me);) 41.75 (41.7) 3.45(3.35) 2.7 20.0 (s)

8 [Auz(1,3-S,CsH4)(PPh;),] 47.15 (47.55) 3.15 (3.25) 6.6 393 (s)

9 [Auz(1,3-S,CsHq) (PPh;Me),] 41.7 (41.1) 3.4(3.25) 23.8 (s)
10 [Au3(1,2-S,CsH4)(PPh;)3]ClO4 44.5 (44.25) 2.9 (3.05) 120.9 38.0 (br)4
11 [Au3(3,4-S,CsH3CH;3) (PPh;)3]Cl04 44.85 (44.9) 295 (3.15) 1158 35.6 (br)*
12 [Au(PPh3);] [Au(3,4-S;C¢H3CH3),) 48.7 (48.9) 3.25(3.3) 78.0 30.5 (s)
13 [Au(PPh;Me);] {Au(3,4-S,C¢H3CH3)2) 43.3 (43.55) 3.25(3.45) 80.3 16.7 (s)

¢ Calculated values are given in parentheses. ¢ In acetone, values in &-! cm? mol-! ¢ In CDCl;, values in ppm, at room temperature. 4 At —55 °C,

5 = 44.7 (s) and 32.7 (s). ¢ At =55 °C, & = 44.9 (s) and 34.0 (5).

2[AuCl(AsPhy)] + K,(S-S) —

(1/n)[Au,(S-S)(AsPh,)], + AsPh, + 2KCI (1)
1,2

S-§% = 1,2-S,C(H, (1); 3,4-S,C¢H,CH, (2)

2[AuCl(AsPh,)] + K,(1,3-S,C,H,) —
(1/m)[Auy(1,3-8,C;H,)], + 2AsPh, + 2KCl (2)
3

that complexes 1 and 2 have similar structures to the recently
reported [AU4(S-S)2(PEt3)2] [S-S = 1,2-52C6H4,22 3,4-52C6H3-
CH;?]. Complex 3 is an interesting example of a stable gold
thiolate derivative with an exceedingly high gold content (73.7%
by weight).

Complexes 1-3 are good starting materials for the synthesis
of gold(I) dinuclear complexes; on reaction with PPh; or PPh,-
Me, derivatives 4-9 can be prepared (eq 3)

(1/n)[Au,(S-S)AsPh,], (or (1/n)[Au,(S-S)],) + 2PR, —
[Au,(S-S)(PR,),] + AsPh, (3)
4-9

§-8* = 1,2-8,CH,; PR, = PPh, (4), PPh,Me (5)
S-S = 3,4-8,CH,CH,; PR, = PPh, (6), PPh,Me (7)
§-8% = 1,3-8,CH,; PR, = PPh, (8), Ph,Me (9)

Complexes 4-9 are air- and moisture-stable white solids,
nonconducting in acetone solutions. The spectroscopic data for
complexes 4and 8 are the same as previously reported by Fackler20
and Schmidbaur,!® which were obtained starting from AuCl-
(PPh;). The 3'P{'H} NMR spectra of 4-9 show a singlet, for 6
and 7 even at low temperatures (—70 °C) (See Table 1). The 'H
NMR spectra of the phenyl ring of the dithiolate ligand are, as
expected, more complicated (see Experimental Section). Complex
7 shows a singlet for the toluene methyl group, and a doublet for
the resonance of the phosphine-methyl groups is observed in
complexes 8, 7, and 9.

The mass spectra (FAB(+) technique, NBA as matrix) show
the [M]* peak at m/z 1058 (12%) (4), 934 (38%) (5), 1072
(21%) (6), 948 (10%) (7), 1058 (32%) (8), and 934 (28%) (9);
the presence of peaks with higher m/z values that are even more
intense than the parent ion, corresponding to [M + AuPPh;]*,
it is noteworthy: m/z 1517 (48%) (4), 1330 (57%) (8), 1531
(34%) (6), and 1345 (22%) (7). These peaks are absent for
complexes with 1,3-S;C¢H,4 (8 and 9).

The structures of complexes 6 and 8 have been established by
X-raydiffraction. The molecularstructure of [Au;(3,4-S,CsH3-

c7

Figure 1. Molecule of complex 6 in the crystal (50% ellipsoids). H atoms
are omitted. Both positions of the disordered methyl group (C(7), C(7’)
are shown as circles of arbitrary radius.

Figure 2. Molecule of complex 8in the crystal (50% ellipsoids). H atoms
are omitted.

CH;)(PPh;);] 6 is shown in Figure 1. Atomic positional and
thermal parameters are given in Table 2, with selected bond lengths
and angles in Table 3. The two gold atoms are bridged by the
1,2-dithiolate ligand. The coordination at the gold atoms is
different: for Au(2) it is slightly distorted from linear [P(2)-
Au(2)-S(2) 172.98(10)°], while Au(1) possesses a veryirregular
trigonal planar geometry, P(1)-Au(1)-S(1) =160.84(9)°,P(1)-
Au(1)-S(2) = 113.56(9), and S(1)-Au(1)-S(2) = 85.15(9)°,
the reason being the weaker interaction between S(2) and Au(1)
of 2.714(3) A (0.4 A longer than normal Au-S bonds). There
is a intramolecular Au(1)-Au(2) contact of 3.096(2) A, which
is typical of this type of complex and has been attributed to
relativistic effects in the valence orbitals of gold.24 The Au-~P
distances, Au(1)-P(1) = 2.252(3) and Au-P(2) = 2.258(3) A,

(24) Pyykkd, P.; Desclaux, J. P. Acc. Chem. Res. 1979, 12, 276.
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Table 2. Atomic Coordinates (X104) and Equivalent Isotropic
Displacement Parameters (A2 X 103) for Complex 6¢

Gimeno et al.

Table 3. Selected Bond Lengths (A) and Angles (deg) for
Complex 6

x y z Uleq)
Au(l) 6848.6(3) 5000.0(3) 8061.4(2) 33.6(2)
Au(2) 4525.0(3) 4178.3(3) 6781.1(2) 36.4(2)
P(1) 6264(2) 6919(2) 8391(2) 30.7(11)
P(2) 2561(2) 3683(2) 6964(2) 34.3(12)
S(1) 7769(3) 3031(2) 8176(2) 40.0(15)
S(2) 6465(2) 4587(2) 6434(2) 35.5(12)
C() 7628(8) 2433(7) 7178(5) 34(5)
C(2) 7048(8) 3035(7) 6464(6) 32(4)
C(3) 6943(10) 2410(8) 5727(6) 42(6)
C4) 7448(10) 1231(8) 5675(6) 43(6)

C(5) 8081(9) 657(8) 6383(6) 42(5)

c(6) 8130(9) 1251(8) 7122(5) 36(5)
c 7301(22) 615(22) 4875(13)  56(6)
c(7) 871521)  -561(19) 6323(16)  59(6)
ca1l)  7557(9) 7819(8) 8973(6) 33(2)
C(12)  8310(9) 7264(9) 9648(6) 38(3)
C(13)  9296(10)  7889(9) 10123(7) 43(4)
C(14)  9563(9) 9121(10) 9919(7) 43(4)
C(15)  8862(9) 9662(9) 9256(7) 40(4)
c(16)  7847(9) 9050(9) 8784(6) 38(3)
c2l)  5072(9) 6919(8) 9025(6) 32(2)
C(22)  4931(10)  7917(9) 9549(6) 35(3)
C(23)  3984(10)  7887(9) 9998(6) 38(4)
C(24)  3184(10)  6886(10) 9967(7) 41(4)
C(25)  3321(9) 5890(10) 9438(6) 38(3)
C(26)  4286(8) 5908(9) 8995(6) 35(3)
C31)  5616(9) 7901(9) 7536(6) 37(4)
C(32)  4678(10)  8791(8) 7567(7) 41(4)
C(33)  4221(11)  9479(10) 6866(7) 47(5)
C(34)  4674(11)  9355(11) 6168(7) 50(5)
C(35)  S5602(11)  8491(11) 6138(7) 48(4)
C(36)  6064(11)  7764(10) 6798(6) 41(4)
C(41)  1652(10)  3090(9) 6015(6) 4103)
C(42) 378(11)  3427(13) 5707(7) 53(3)
C(43)  -250(13)  2892(15) 4971(8) 71(4)
C(44) 407(14)  2031(15) 4585(8) 72(4)
C(45)  1608(13) 1725(12) 4896(7) 57(4)
C(a6)  2257(12)  2236(9) 5590(7) 44(3)
Cs1)  1722(9) 5008(10) 7300(6) 38(3)
C(52) 657(9) 4825(10) 7674(6) 41(3)
C(53) 91(10)  5854(10) 7961(7) 44(4)
C(54) 578(10)  7034(10) 7862(8) 47(4)
C(55)  1605(10)  7215(9) 7512(7) 43(3)
C(s6)  2156(10)  6186(9) 7225(7) 43(4)
c(61)  2511(9) 2407(9) 7653(7) 37(3)
C(62)  3567(11)  2149(10) 8266(7) 44(3)
c(63)  3540(12) 1142(10) 8790(7) 48(4)
C(64)  2479(11) 417(10) 8707(7) 47(4)
C(65)  1420(10) 650(9) 8099(7) 42(4)
C(66)  1444(10) 1635(8) 7581(7) 39(3)

2 U(eq) is defined as one-third of the trace of the orthogonalized Uy
tensor.

and Au-S bond lengths, Au(1)-S(1) = 2.325(3) and Au(2)-
S(2) = 2.316(3) A are similar to those found in other gold(I)
complexes. Au(l) is only 0.11 A out of the plane formed by
S(1)-C(1)-C(2)-S(2); in contrast, Au(2) is located almost
perpendicular to the plane. The methyl group is disordered over
two positions of the phenyl ring. The crystal structure of [Au,-
(1,2-S,C¢H,)(PPhs),] has been recently reported by Schmidbaur!?
and Fackler2® and the overall bond lengths and angles resemble
well those in our complex; the phenyl and tolyl analogues are
essentially isostructural.

The molecular structure of [Auy(1,3-S,CsH,4) (PPh;Me),] (8)
is shown in Figure 2. Atomic coordinates are given in Table 4
and selected bond lengths and angles in Table 5. As in 6, the
ligand coordinates to both gold atoms, but because of the 1,3-
pattern of the sulfur donor atoms there can be no intramolecular
gold—gold interaction. However, there are short intermolecular
gold—gold contacts, Au(1)-Au(2i) = 3.0834(8) A, that link the
molecules along the short z axis. The coordination around the
gold atoms is approximately linear, P(1)-Au(1)-S(1) = 172.50-
(8) and P(2)-Au(2)-S(2) = 177.02(9)°, and the Au-P and the
Au-S bond lengths are very similar to those found in complex

Au(1)-P(1) 2.252(3) Au(1)-S(1) 2.325(3)
Au(1)-S(2) 2.714(3) Au(1)-Au(2) 3.096(2)
Au(2)-P(2) 2.258(3) Au(2)-S(2) 2.316(3)
P(1)-C(31) 1.808(10) P(1)-C(21) 1.816(10)
P(1)-C(11) 1.817(9) P(2)-C(61) 1.798(11)
P(2)-C(41) 1.815(11) P(2)-C(51) 1.829(10)
S(1)-c(1) 1.770(9) S(2)-C(2) 1.777(8)
P(1)-Au(1)-S(1)  160.84(9)  P(1)-Au(1)-S(2)  113.56(9)
S(1)-Au(1)-S(2) 85.15(9)  P(1)-Au(1)-Au(2) 101.73(7)
S(1)-Au(1)-Au(2)  94.24(7)  S(2)-Au(1)-Au(2)  46.40(6)
P(2)-Au(2)-S(2)  172.98(10) P(2)-Au(2)-Au(l) 128.83(8)
S(2)-Au(2)-Au(l)  5807(7) CG1-P(1)-C(21) 104.7(5)
CGBD-P(1)-C(11) 1048(4)  CQ)-P(1)-C(11)  104.0(5)
C(31)-P(1)-Au(l) 1149(3)  CQD-P(1)-Au(l) 114.0(3)
C(11)-P(1)-Au(1) 113.3(3)  C(61)-P(2)-C(41)  102.6(5)
C(61)-P(2)-C(51) 108.5(5)  C(41)-P(2)-C(51)  109.0(5)
C(61)-P(2)-Au(2) 1142(3)  C(41)-P(2)-Au(2) 109.0(4)
C(51)-P(2)-Au(2) 112.9(3)  C(1)=S(1)-Au(l)  107.0(3)
C(2)-S(2)~-Au(2)  98.4(3)  C(2)-S(2)-Au(l)  98.0(3)
Au(2)-S(2)-Au(1)  75.54(8)

Table 4. Atomic Coordinates (X104) and Equivalent Isotropic
Displacement Parameters (A2 X 10%) for Complex 8°

x Yy z Uleq)

Au(1) 7968.1(1) 4470.8(1) 1134.8(3) 24.3(1)
P(1) 7269.5(7) 4578.4(4) 757(2) 21.4(10)
S(1) 8686.8(7) 4415.2(5) 1708(3) 32.7(11)
c(1) 7194(3) 4893(2) -436(10) 31(5)
cQ1) 8732(2) 4432.3(14) 3718(9) 25(4)
C(12) 8373(3) 4409.0(13) 4665(8) 23(4)
Cc(13) 8418(3) 4397.6(13) 6247(10) 28(4)
C(14) 8825(3) 4418(2) 6886(10) 31(5)
c(15) 9177(3) 4449.3(15) 5946(10) 32(4)
C(16) 9134(3) 4456(2) 4367(10) 32(4)
c(21) 6939(3) 4299.5(14)  -105(9) 23(4)
C(22) 7066(3) 4016(2) 113(12) 39(5)
C(23) 6825(3) 3795(2) -507(13) 47(5)
C(24) 6476(3) 3851(2) -1383(13) 43(5)
C(25) 6343(3) 4134(2) -1575(11) 35(4)
C(26) 6573(3) 4354.7(15)  -920(10) 28(4)
Cc(31) 7013(3) 4656.3(14) 2567(9) 23(4)
C(32) 7090(2) 4475.2(15) 3799(10) 29(4)
C(33) 6911(3) 4530(2) 5202(10) 33(5)
C(34) 6646(3) 4771(2) 5397(11) 38(5)
C(35) 6577(3) 4949(2) 4180(10) 36(5)
C(36) 6755(3) 4895(2) 2780(10) 32(5)
Au(2) 8095.5(1) 3973.7(1) 8858.2(4) 30.0(2)
P(2) 8228.9(8) 3577.8(4) 10256(3) 28.1(11)
S(2) 7942.5(8) 4363.2(4) 7338(3) 32.8(14)
Cc(2) 8778(3) 3566(2) 10954(13) 43(5)
C(41) 7896(3) 3560.7(14)  11936(10) 27(4)
C(42) 7987(3) 3742(2) 13150(10) 34(5)
C(43) 7714(3) 3750(2) 14409(10) 40(6)
C(44) 7357(3) 3583(2) 14456(11) 43(5)
C(45) 7265(3) 3402(2) 13279(11) 44(5)
C(46) 7537(3) 3385(2) 12030(11) 38(5)
C(51) 8139(3) 3249(2) 9230(10) 35(5)
C(52) 7917(3) 3249(2) 7888(12) 43(6)
C(53) 7853(4) 2997(2) 7058(14) 54(6)
C(54) 7995(3) 2740(2) 7614(14) 52(6)
C(55) 8206(4) 2732(2) 8953(15) 57(7)
C(56) 8284(4) 2987(2) 9791(13) 49(7)

cl 9563.2(15)  4906.5(11) 657(7) 129(3)
c3) 10000 5000 -425(38)  146(12)

4 U(eq) is defined as one-third of the trace of the orthogonalized Uy
tensor.

6: Au(l)-P(1) = 2.260(2), Au(2)-P(2) = 2.252(2), Au(l)-
S(1) = 2.311(2), and Au(2)-S(2) = 2.302(2) A. Complex 8
crystallizes as a dichloromethane hemisolvate; the solvent molecule
displays crystallographic 2-fold symmetry.

The structure of complexes 6 and 8 and the mass spectrometry
data indicate that a further AuPPh,* fragment could be
incorporated into complexes with 1,2-dithiolate ligands. Thus
the reaction of complexes 4 and 6 with AuPPh;* (generated in
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Table 5. Selected Bond Lengths (A) and Angles (deg) for Table 6. Atomic Coordinates (X10%) and Equivalent Isotropic
Complex 8¢ Displacement Parameters (A? X 103) for Complex 11¢
Au(1)-P(1) 2.260(2) Au(1)-S(1) 2.311(2) x y z U(eq)
l’i‘(“l()l_)c’(’;‘;(f‘) ?gfg‘(‘é? gg;ﬁg}) }g;gg; Au(l)  1509.9(2)  28329(6)  6379.2(3)  31.0(2)
S(1)-C(11) 1.773(9) C(13)S2) 1773(9) Au(2)  2346.0(2)  29706(7)  6657.9(3)  39.02)
Au(2)-P(2) 2.252(2) Au(2)-S(2) 2.302(2) Au(3)  31247(2)  3737.3(6)  76455(3)  33.0(2)
P(2)-C(51) 1.798(5) P2)-C(41) 1.806(9) P(1) 1043.4(13)  4003(4) 5792(2) 29.5(11)
P(2)-C(2) 1.819(10) ' P(2) 2399.4(13)  2758(5) 5987(2) 37.0(12)
' P(3) 3778.8(13) 3406(4) 7987(2) 34.1(12)
P(1)-Au(1)-S(1) ~ 172.50(8) P(1)-Au(1)-Au(2i) 101.28(5) 5(1) 1992.4(14)  1661(4) 6984(2) 38.6(12)
S(1)-Au(1)-Au(2i)  86.10(6) C(1)-P(1)-C(31) 106.7(4) 5(2) 2467.5(13)  4249(4) 7323(2) 32.8(11)
C(1)-P(1)-C(21) 105.2(4)  CL-P(1)-C(21)  104.9(4) (1) 2101(4) 2418(10) 7541(4) 43(5)
C(1)-P(1)-Au(l) 112.8(3) CQ31)-P()-Au(l)  109.9(3) C(2) 2320(3) 3452(10) 7683(4) 36(5)
CD-P()-Au(l)  116.7(3)  C(11)-S(1)-Au(l)  106.8(3) C(3) 2400(3) 4015(9) 8114(5) 56(6)
P(2)-Au(2)-S(2)  177.02(9) P(2)-Au(2)-Au(lii) 106.51(6) C@4) 2262(4) 3544(12) 8403(4) 62(6)
S(2)-Au(2)-Au(lii)  76.01(6) C(51)-P(2)-C(41)  106.4(4) C(5) 2043(4) 2510(12) 8260(5) 66(7)
C(S1)-P(2)-C(2) ~ 106.8(4) C(41)-P(2)-C(2)  105.3(5) C(6) 1963(4) 1946(9) 7829(5) 60(6)
C(S1)-P(2)-Au(2) 113.2(3) C(41)-P(2)-Au(2)  112.0(3) c(m 1907(9) 2039(29) 8593(11) 69(9)
C(2)-P(2)-Au(2) 112.5(3)  C(13)-S(2)-Au(2)  102.2(3) ggl)) Zgﬁg)l) :8?228?) ggg?%) ggg;
a Symr;let(l_'.); transforin?tions used to generate equivalent atoms: (i) C(12) 350(3) 4955(8) 5674(4) 34(4)
xy,z-1,()xyz . C(13) 8(3) 4901(8) 5695(4) 39(5)
C(14) -73(3) 3904(10) 5883(4) S1(5)
C(15) 187(3) 2961(8) 6050(4) 50(5)
C(16) 529(3) 3016(8) 6029(4) 37(5)
C(@21) 1232(3) 5471(7) 5833(4) 29(4)
C(22) 1572(3) 5773(8) 6267(3) 28(4)
C(23) 1743(3) 6872(9) 6315(3) 41(5)
C(24) 1574(3) 7670(7) 5928(4) 49(5)
C(25) 1234(3) 7368(8) 5494(3) 38(5)
C(26) 1063(3) 6269(9) 5447(3) 30(4)
C(31) 893(3) 3449(09) 5187(3) 29(4)
C(32) 1076(3) 3835(9) 4938(4) 41(5)
C(33) 977(3) 3337(11) 4489(4) 61(6)
C(34) 695(4) 2454(11) 4289(3) 57(6)
Cc(35) 512(3) 2068(9) 4539(4) 61(6)
C(36) 610(3) 2566(10) 4988(4) 36(5)
C(41) 2152(3) 1472(9) 5605(4) 34(4)
C(42) 1762(3) 1276(9) 5466(4) 44(5)
| C(43) 1560(2) 328(10) 5164(4) 44(5)
L C(44) 1747(3) —423(9) 5002(4) 53(6)
7w Cc(4s5)  2137(3) ~227(10) 5141(5) 61(6)
Figure 3. Cation of complex 11 in the crystal (50% ellipsoids for the C(46) 2340(3) 721(11) 5442(5) 58(6)
heavy atoms, arbitrary radii for C atoms). H atoms are omitted. Both C(51) 2193(3) 4005(9) 5575(4) 334)
positions of the disordered methyl group (C(7), C(7")) are shown. C(52) 2019(3) 3838(9) 5072(4) 45(5)
C(53) 1866(4) 4795(12) 4756(3) 59(6)
situ from the reaction of AuCl(PPh;) and AgClO, in acetone) 8254; 1888(4; 53;921;)) 4943(4) 6126;
leads to complexes 10 and 11 4). 35 2062(4 6086(8 5445(5) 64(6
acs to comp (ea 4) C(56) 2215(3) 5129(11) 5762(3) 53(6)
[Auy(S-S)(PPh,),] + [Au(PPh;)(acetone)]CIO, — P S b S+ DUt - R 4
[Au,(S-S)(PPh,),jC10, (4) C(63) 3451(3) 3159(10) 6044(4) 56(6)
10. 11 C(64) 3685(2) 2330(11) 6396(5) 53(5)
’ C(65)  3530(3) 1646(10) 6620(4) 60(6)
, C(66)  3141(3) 1790(10) 6494(4) 51(5)
S-8< =1,2-8,CH, (10), 3,4-S,C,H,CH, (11) C(71) 4041(3) 3748(10) 8644(3) 37(4)
C(72) 4362(3) 3095(8) 8985(4) 41(5)
Complexes 10 and 11 are air- and moisture-stable white solids. C(73)  4561(3) 3426(9) 9476(4) 45(5)
Their acetone solutions are conducting (1:1 electrolyte)?s and gg‘g 2‘;‘1“9)8; ‘5‘3232;;’) gggig; 2;8
their IR spectra show bands at 1100 (s, br) and 620 (m) cm~! C(76) 3919(3) 4731(9) 8793(3) 25(4)
from ionic ClO4 (Td).?6 The mass spectra (FAB*) show the c(s1) 3899(3) 1916(7) 7908(4) 28(4)
parent peak at m/z 1517 (61%) for 10 and 1531 (56%) for C(82) 4264(3) 1648(9) 7970(4) 53(6)
11. Their 3'P{!H} NMR spectra at room temperature show a C(83) 4356(3) 490(11) 7925(4) 59(6)
broad singlet at & 38.0 (10) and & 35.6 (11) which at low 0(34) 4383(‘0 —420(8> 3313(4) 54(6)
temperature (-55 °C) splits to two singlets in a 2:1 intensity ratio ggsgg g 6; 68; 1(1)2283» 78(5)28; gggg;
(Table 1), implying a different coordination mode for one AuPPh; C(91) 3994(4) 4343(11) 7731(4) 34(3)
fragment. C(92) 3798(3) 4486(11) 7225(4) 41(5)
The molecular structure of [Aus(3,4-S,C¢H;CH3)(PPhs);]- C(93) 3954(4) 5218(12) 7015(4) 6%(7)
ClO, (11) was confirmed by X-ray diffraction analysis, and the ggg; :gggg; gggggig; ;gig% 1?22%)
structure of the cation is shown in Figure 3. Atomic positional
and thermal parameters are given in Table 6 and selected bond gl(%) ‘;23282 ‘3‘33;8?) ggggg; 13383
lengths and angles are listed in Table 7. The cation of 11 consists 0(1) 541 1(4) 3209(12) 3576(5) 75(5)
of a toluenedithiolate ligand unit br_idged by thr‘ec AuPPh;* 0(2) 5884(4) 4742(14) 3920(6) 92(5)
fragments. Twoof the gold atoms arelinearly coordinated, P(1)- 0(3) 5589(7) 4079(22) 4343(8) 201(12)
0®9) 5985(8) 2934(23)  4265(10)  278(18)
82; ggggé,\‘lii.‘]i\lioggkﬂeg‘ ]};kalgg;: ésll( N. Adv. Inorg. Chem @ U(eq) is defined as one-third of the trace of the orthogonalized Uy,

Radiochem. 1984, 28, 255. tensor.
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Figure 4. The formula unit of complex 13, in the crystal (50% ellipsoids
for the heavy atoms; arbitrary radii for C atoms). Only the asymmetric
unit is numbered. H atoms are omitted. Both positions of the disordered
methyl group (C(17), C(17’)) are shown.

Table 7. Selected Bond Lengths (A) and Angles (deg) for
Complex 11

Au(1)-P(1) 2.265(4) Au(1)-S(1) 2.315(5)
Au(1)-Au(2) 2.9624(12) Au(2)-P(2) 2.255(5)
Au(2)-S(2) 2.397(5) Au(2)-S(1) 2.591(5)
Au(2)-Au(3) 3.1966(14) Au(3)-P(3) 2.271(5)
Au(3)-S(2) 2.332(4) P(1)-C(11) 1.797(9)
P(1)-C(21) 1.803(8) P(1)-C(31) 1.805(9)
P(1)-C(51) 1.813(10) P(2)-C(61) 1.814(9)
P(2)-C(41) 1.829(10) P(3)-C(91) 1.796(11)
P(3)-C(81) 1.809(10) P(3)-C(71) 1.832(9)
S(1)-C(1) 1.806(10) S(2)-C(2) 1.774(10)
P()-Au(1)-S(1)  179.2(2)  P(1)-Au(1)-Au(2) 122.19(12)
S(1)-Au(1)-Au(2)  57.25(12) P(2)-Au(2)-S(2)  145.2(2)
P(2)-Au(2)-S(1)  130.2(2)  S(2)-Au(2)-S(1)  84.4(2)
P(2)-Au(2)-Au(l)  109.93(12) S(2)-Au(2)-Au(l) 89.25(11)

S(1)-Au(2)-Au(l) 48.71(10) P(2)-~Au(2)-Au(3) 116.46(12)
S(2)-Au(2)-Au(3) 46.61(11) S(1)~Au(2)~Au(3) 102.26(11)
Au(1)-Au(2)~-Au(3) 132.77(3) P(3)-Au(3)-S(2) 174.8(2)

P(3)-Au(3)-Au(2) 135.86(13) S(2)-Au(3)~Au(2) 48.34(11)

CID-P()-C(21)  111.5(5)  C(11)-P(1)-C(31) 106.3(6)
CQ1)-P(1)-C(31)  107.4(5)  C(11)-P(1)-Au(1) 110.2(4)
CQ-P(1)-Au(l)  1104(4)  C(31)-P(1)-Au(l) 111.0(4)
C(51)-P(2)-C(61)  107.1(6)  C(51)-P(2)-C(41) 104.7(6)
C(61)-P(2)-C(41)  104.7(6)  C(51)-P(2)-Au(2) 111.8(4)
C(61)-P(2)-Au(?) 112.1(4)  C(41)-P(2)-Au(2) 115.7(4)
CO-P(3)-C(81)  105.7(6)  C(91)-P(3)-C(71) 105.4(6)
CB1)-P(3)-C(71)  108.6(5)  C(91)-P(3)-Au(3) 112.0(5)
C(81)-P(3)-Au(3) 1139(4) C(T1)-P(3)-Au(3) 110.7(4)
C()-S()-Au(l)  102.8(4)  C(1)-S(1)-Au(2)  102.1(4)
Au(1)-S(1)-Au(2)  74.04(13) C(2)-S(2)-Au(3) 104.5(4)
C(2)-S(2)-Au(2)  1059(4)  Au(3)-S(2)-Au(2) 85.1(2)
C(2)-C(1)-S(1) 1212(8)  C(6)-C(1)-S(1)  118.8(8)
C(1)-C(2)-S(2) 125.2(8)  C(3)-C(2)-S(2)  114.4(8)
C(12)-C(11)-P(1)  121.8(6)  C(16)-C(11)-P(1) 118.1(6)

Au(1)-S(1) = 179.2(2) and P(3)-Au(3)-S(2) = 174.8(2)°,
whereas Au(2) is in a distorted trigonal planar configuration.
Thedistortion arises mainly from the restricted bite of the ligand,
S(2)-Au(2)-S(1) = 84.4(2)°. This bite angle is similar to those
found in the complexes [Auy(S-S),(PEt;),] 84.4(1)° (S-S = 1,2-
S,C¢H4)?2 and 84.1(4) and 83.5(4)° (S-S = 3,4-S,C¢H,CH,3),2®
where there are also gold atoms chelated by the dithiolate ligand.

The intramolecular gold—gold interactions are Au(1)-Au(2)
= 2.9624(12) and Au(2)-Au(3) = 3.1966(14) A. Au(l) and
Au(3) are ~2.21 and 2.15 A out of the plane formed by S(1),
S(2), Au(2), and P(2) (planar within 0.023 A). There are also
intermolecular Au-S contacts, the shortest being Au(3)-S(1i) =
3.627 A (symmetry operator —0.5 ~ x, —0.5 + y, 0.5 — z). The
bond distances Au(1)-S(1) = 2.315(5) and Au(3)-S(2) =2.332-
(4) A are very similar to those in complex 6 and 8. However the
Au-S bonds of the trigonal planar gold atom, Au(2)-S(1) =
2.591(5) and Au(2)-S(2) = 2.397(5) A, are shorter than in the
complex [Au,(3,4-S,C¢H3CH;3)(PEt;),]?° for the three-coordi-
nated gold atoms, although the difference may not be significant.

Gimeno et al.

Table 8. Atomic Coordinates (X104) and Equivalent Isotropic
Displacement Parameters (A? X 103) for Complex 13¢

X y z Uleq)
Au(l) 0 5000 5000 49.7(2)
S(1) 581.7(14)  4656(3) 6173.6(14)  63.8(12)
S(2) -320(2) 2990(3) 4827(2) 65.6(14)
can 486(6) 3083(10) 6240(4) 63(3)
Cc(12) 81(5) 2361(9) 5668(5) 62(3)
c(13) =2(1 1128(10) 5756(6) 78(3)
Cc(14) 309(8) 620(13) 6399(5) 85(4)
Cc(15) 713(8) 1310(11) 6965(7) 91(4)
C(16) 793(7) 2546(9) 6891(6) 73(3)
cQan 1046(12) 575(19) 7581(10) 76(5)
car) 300(18) ~579(23) 6673(16) 76(5)
Au(2) 0 3593.5(5) 2500 41.5(2)
P(1) 1379.1(11) 3513(2) 2984.9(11)  36.2(9)
cQ) 1860(5) 3155(8) 2373(5) 45(2)
cEen 1833(3) 4910(4) 3393(3) 33(2)
C(22) 1368(2) 5761(5) 3572(3) 42(2)
C(23) 1719(3) 6809(4) 3920(3) 53(2)
C(24) 2534(3) 7007(4) 4089(3) 45(2)
C(25) 2999(2) 6156(5) 3910(3) 46(2)
C(26) 2648(3) 5108(4) 3562(3) 36(2)
Cc(i31) 1712(3) 2371(5) 3651(2) 35(2)
C(32) 2330(3) 1568(5) 3706(3) 48(2)
C(33) 2568(3) 726(5) 4237(3) 58(2)
C(34) 2188(4) 686(5) 4713(3) 56(2)
C(35) 1570(3) 1489(6) 4659(3) 50(2)
C(36) 1332(3) 2332(5) 4128(3) 50(2)

@ U(eq) is defined as one-third of the trace of the orthogonalized Uy
tensor.

Table 9. Selected Bond Lengths (A) and Angles (deg) for
Complex 134

Au(1)-S(2) 2.287(3) Au(1)-8(1) 2.319(4)
S(1)-C(11) 1.755(12) S(2)-C(12) 1.780(10)
Au(2)-P(1) 2.309(3) P(1)-C(21) 1.807(4)
P(1)-C(31) 1.810(5) P(1)-C(1) 1.817(9)
S(2)-Au(1)-S(1) 90.02(12) S(2)-Au(1)-S(1i) 89.98(12)

COD-S(1)-Au(l) 103.0(3)  C(12)-S(2)-Au(l) 103.5(3)
P(1)-Au(2)-P(lii) 175.60(12) C(21)-P(1)-C(31) 105.4(3)
C2D-P(1)-C(1)  105.6(4)  C(31)-P(1)-C(1)  106.1(4)
CQI)-P(1)-Au(2) 1138(2)  C(31)-P(1)-Au(2) 111.6(2)
C()-P(1)-Au(2)  113.7(3)

4 Symmetry transformations used to generate equivalent atoms: (i)
-x, 1 -y, 1~z (i) -x, » 05—z

The Au-Pdistances 2.255(5)-2.265(4) A compare well with those
in complexes 6 and 8.

Whereas the solutions corresponding to eq 3 with 1,2-S;C¢Hy
and 1,3-S,C¢Hy, are colorless, a green color develops with 3,4-
S,C¢H;CH3, and it is possible to separate two green derivatives
from the mother liquor by crystallization. Complexes 12 and 13
are air- and moisture-stable solids and their acetone solutions
show conductivities of 1:1 electrolytes. Their mass spectra
(FAB+) show peaks at m/z 721 (100%) (12) and 587 (100%)
(13) corresponding to the [Au(PRj);]* fragment and, in the
FAB(-) spectra both complexes show the [Au(S,C¢H3CHs),]-
ionas the base peakat m/z 505, in accordance with the formulation
as [AU(PR3)2] [Au(3,482C6H3CH3)2], (PR3 = PPh; (12), PPh,-
Me (13)).

Their 'H NMR spectra show a different pattern from that of
complexes 6, 7, and 11 and are similar to the spectrum previously
reported for NBus[Au(3,4-S;C¢H3CH3),]. Their 31P§lH} NMR
spectra show singlets at é 30.5 (12) and & 16.7 ppm (13), at
higher fields than reported for [Au(PR;),]ClO, species.?’

The structure of compound 13 has been confirmed by X-ray
diffraction; the anion and cation are shown in Figure 4. Atom
coordinates are given in Table 8 and selected bond lengths and
anglesin Table 9. The anion possesses crystallographic inversion
symmetry. Highdisplacement parameters (for a low-temperature

(27) Alonso,P.J.;Cerrada, E.; Garin, J.; Gimeno, M. C.; Laguna, A.; Laguna,
M.; Jones, P. G. Synth. Met. 1993, 55, 1772,
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Table 10. Details of Data Collection and Structure Refinement for the Complexes 6, 8, 11 and 13

6 8.1/,CH,Cl, 11 13
chem formula C43H36Au2P252 ng_ng]AllzC]PzSz CslelAu;CIOJ’gSz CnggAUszS4
cryst habit colorless prism colorless tablet colorless prism green prism
cryst size/mm 0.50 X 0.45 x 0.40 0.50 X 0.33 X 0.17 0.35 % 0.15 X 0.10 0.60 X 0.35 X 0.20
space group P2, Fdd2 C2/c C2/c
a/A 10.771(4) 31.182(8) 39.583(8) 17.890(7)
b/A 10.726(3) 46.537(12) 11.347(3) 11.038(6)
c/A 16.752(6) 8.782(3) 31.703(7) 20.817(11)
8/deg 101.02(3) 120.66(2) 110.96(3)
U/A3 1899.7(11) 12744(6) 12249(5) 3838.7(33)
z 2 16 8 4
D./Mg m™3 1.875 2.037 1.769 1.908
M 1072.71 977.02 1631.40 1102.82
F(000) 1028 7408 6240 2120
T/°C -100 -130 ~-100 -130
20max/deg 50 55 45 50
(Mo Ka)/mm-! 7.94 9.53 7.4 8.0
transm 0.37-0.96 0.42-0.97 0.28-0.58 0.45-0.95
no. of reflens measd 7207 18050 12407 6775
no. of unique reflcns 6703 7343 7985 3391
Rin: 0.036 0.063 0.081 0.051
Ra(F, F > 4a(F)) 0.036 0.036 0.055 0.043
R,b (F2, all reflcns) 0.096 0.084 0.145 0.110
no. of params 442 356 227 101
no. of restraints 378 281 97 32
Se¢ 1.022 1.055 0.854 1.017
max. Ap/e A3 1.19 1.26 1.88 1.46

a R = T||Fy| ~ |Fll/ZIF - © Ru = [E{W(Fo? — FR)2}/ TiwW(F1)3]1%5; w-t = a2(F,2) + (aP)? + bP, where P = [F,2 + 2F?] /3 and a and b are constants
adjusted by the program. ¢S = [L{w(F,? — F2)3}/(n - p)1°3, where n is the number of data and p the number of parameters.

structure) may indicate some static disorder or libration. The
gold atom display square-planar geometry, being surrounded by
four sulfur atoms. The angles S(2)-Au(1)~-S(1) = 90.02(12)
and S(2)-Au(1)~S(1i) = 89.98(12)° arealmostideal. The Au~S
distances Au(1)-S(2) = 2.287(3) and Au(1)-S(1) =2.319(H) A
are close to those observed for other bis(dithiolato)gold(III)
complexes: mean values are 2.288 A in [PCIPh;]{Au{S,C,-
(CF3)3}:],28 2.309 A in [Au(S;CN"Bu,),][Au{S;Co(CN),}],2°
2.310 A in [NBu,][Au(3,4-S,CsH;CH;)2],'5and 2.305 A in [Au-
(PEt;3)2][Au(1,2-S,CsHy),).'18 The Au-S bond lengths in the
complex [Au(1,2-S,;C¢H,),] obtained by electrochemical oxida-
tion of the gold(III) derivative? are very similar to those observed
in our complex. The methyl groups of the anion are disordered
over two sites. The cation possesses crystallographic 2-fold
symmetry; the geometry around the gold atom is almost linear,
P(1)-Au(2)-P(lii) = 175.60(12)°, and the Au(2)-P(1) bond
length of 2.309(3) A is similar to those found in other [Au-
(PR;),]* complexes, 2.316(4) in [Au(PPh,Me),]PF¢,%02.224(4)
in [Au(PCy;);]Cl,3!and 2.31(1) A in [Au(PPh;3),] TCNQ(TCNQ
= 7,7,8,8'-tetracyanoquinodimethane).?’

Experimental Section

All the reactions were carried out under nitrogen. The starting
materials [AuCl(PPhs)] and [AuCl(AsPh;)] were prepared as described
previously32 and all other reagents were commercially available.

The C, H analyses were carried out on a Perkin-Elmer 2400
microanalyzer. Conductivities were measured in approximately 5 X 10+
mol dm~3 acetone solutions with a Philips PW 9501/01 conductimeter.
The infrared spectra were recorded (4000200 cm™!) on a Perkin-Elmer
599 spectrophotometer using Nujol mulls between polyethylene sheets.
The NMR spectra were recorded on Varian XL 200 and 300 spectrometers
in CDCl;. Chemical shifts are cited relative to SiMey (\H) and 85%
H3PO, (external 3!P). Mass spectra were recorded on a VG Autospec,
FAB Technique using 3-nitrobenzylalcohol as matrix. The elemental
analyses, conductivities, and 3'P{1H}NMR data of the new complexes
are listed in Table 1.
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Safety Note. Caution! Perchlorate salts of metal complexes with
organicligands are potentially explosive. Only small amounts of material
should be prepared and these should be handled with great caution.

Synthesis. [Aua(S-S)(AsPhy)], [S-S = 1,2-S;C¢H4 (1), 3,4-S2CsH-
CH; (2)), or [Auz(1,3-S2C6Hy) 15 (3). To an ethanolic solution (30 mL)
of the corresponding dithijol (0.5 mmol) was added 5 mL of an ethanolic
KOH solution (0.1 M). After 15 min [AuCl(AsPhs)] (0.539 g, 1 mmol)
was added. After this mixture was stirred for 24 h, a white (1, 2) or pale
yellow (3) precipitate was filtered off. Yield: 85% 1, 78% 2, 69% 3.

[Au(S-S)(PR3),] [S-S = 1,2-S,C¢Hy, PR3 = PPh; (4), PPhyMe (5);
S-S = 3,4-S,CH3CHs, PR3 = PPh; (6), PPhyMe (7); S-S = 1,3-S,CsHy,
PR3 = PPh; (8), PPh;Me (9)] and [Au(PRj);JAu(3,4-S2C¢HiCHj)1]
[PR3 = PPh; (12), PPh;Me (13)]. To a dichloromethane (30 mL)
suspension (0.084 g, 0.1 mmol) of 1, (0.085 g, 0.1 mmol) of 2, or (0.053
g, 0.1 mmol) of 3 was added PPhj (0.054 g, 0.2 mmol) or PPh,Me (0.037
mL, 0.2 mmol). After being stirred for 3 h, the solutions were filtered
through a 1-cm layer of Celite. Thesolutions were concentrated to 5 mL.
Addition of diethyl ether (20 mL) led to precipitation of 4-9 as white
solids. Yield of 4: 83%. 'HNMR (inppm): 67.93 (m, 2H, 3,6-S,CsH,),
7.44-7.21 (m, 30H, PPh;), 6.86 (m, 2H, 4,5-S;CsH,). Yield of 8: 37%.
'H NMR: é 7.92 (m, 2H, 3,6-S,C¢H,), 7.57-7.24 (m, 20H, PPh,Me),
6.85 (m, 2H, 4,5-S,C¢Hy), 1.83 (d, 2Jpy = 9.3 Hz, 6H, PPh,Me). Yield
of 6: 69%. 'H NMR: 6 7.81 (d, 3]]-[5}-{6 = 8.0 Hz, lH, 5-SzC5H3CH3),
7.79 (d, “Jyam6 = 1.2 Hz, 1H, 2-S,CsH3CH3), 7.44-7.21 (m, 30H, PPh3),
6.88 (dd, 1H, 6-S,C¢H3CHjy); 2.25 (s, 3H, S:C¢H3CH3). Yield of 7:
51%. '"H NMR: &6 7.81 (d, 3Jusue = 8.0 Hz, 1H, 5-S;CsH3;CH3), 7.78
(d, “/u2n6 = 1.3 Hz, 1H, 2-S,C¢H3CH3), 7.60-7.27 (m, 20H, PPh,Me);
6.68 (dd, 1H, 2-S,C¢H3CHs); 2.26 (s, 3H, S;C¢H3CH); 1.84 (d, Z/py
=9.3 Hz, 6H, PPh,Me). Yield of 8: 80%. 'H NMR: §8.01, 7.35, and
6.90 (m, 4H, 1,3-S,C¢H,); 7.58-7.23 (m, 30H, PPhj). Yield of 9, 90%.
I'H NMR: § 7.94, 7.21, and 6.84 (m, 4H, 1,3-S;C¢H,), 7.68-7.23 (m,
20H, PPh;Me), 2.07 (d, &/py = 9.6 Hz, 6H, PPh,;Me).

When the green mother liquor of complexes 6 and 7 is cooled to =30
°Cacropof greencrystals appears, characterized as [Au(PPh;);] [Au(3,4-
S2C¢H;CH3)2) (12) (3%) ['H NMR: 8 7.36-7.18 (m, 30H, PPhs), 6.80
(m, 2H, 5-S;C¢H;CH3), 6.70 (s, 2H, 2-S,CsH3CHj), 6.45 (m, 2H,
6-S,C6H3CHy), 2.17 (s, 6H, S;CsH3CH3)] or [Au(PPh;Me),] [Au(3,4-
S,CsH3CH3)2] (13) (5%) ['H NMR: § 7.43~7.25 (m, 20H, PPh;Me),
6.87 (d, *Jyysps = 8.0 Hz, 2H, 5-S,CsH;CH3), 6.76 (br, 2H, 2-S,CgHj-
CHs;),6.56 (dd, Jyan6 = 1.1 Hz, 2H, 6-S;CsH3CH3); 2.15 (s, 6H, S2C¢Hs-
CH.); 1.88 (d, 2Jpy 2.7 Hz, 6H, PPh;Me)].

[Au3(S-S)(PPh;);] [S-S = 1,2-8;C¢H4 (10), 3,4-S;CeH3CH;3 (11))
To a dichloromethane solution of [AuCIl(PPhs)] (0.114 g, 0.23 mmol)
was added AgClO,4 (0.048 g, 0.23 mmol). After 1 h of stirring the
suspension was filtered througha 1 cmlayer of Celite. [Auz(S-S)(PPhj),]
(0.212 g, 0.2 mmol, 4, or (0.214, 0.2 mmol, 5) was added to the resulting
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solution. After being stirred for 2 h, the solutions were concentrated to
2 cm3. Addition of diethyl ether (15 mL) led to precipitation of white
solids 10 (81%) or 11 (83%). 'HNMR (10): §8.06(m, 2H, 3,6-S:CsH,),
7.53-7.16 (m, 45H, PPhj), 7.17 (m, 2H, 4,5-S;C¢H,). 'H NMR 11:
5 7.94 (d, 3.’]-[5]{5 7.8 HZ, lH, 5-SzC6H3CH3); 7.91 (S, lH, 2-SzC6H3-
CH3); 7.43-7.25 (m, 45H, PPh;); 7.00 (d, 1H, 6-S:C¢H3CH3); 2.37 (s,
3H, S,C¢H3CH3).

X-ray Structure Determinations

Crystals were mounted in inert oil (type RS3000, donated by Riedel
de Haén) on glass fibers. Data were collected using monochromated Mo
Ka radiation (A = 0.710 73 A). Diffractometer type: Siemens R3 (6,
11), Stoe STADI-4 (8, 13), both with Siemens LT-2 low temperature
attachment. Scantype: w(6,11),»/0(8,13). Cellconstants were refined
from setting angles (6, 11) or £w angles (8, 13) of ca. 50 reflections in
the range 26 = 20~23°. Absorption corrections were applied on the basis
of y-scans (6, 8, 13) or, for 11, using the program SHELXA ( G. M.
Sheldrick, unpublished).

Structures were solved by the heavy-atom method and refined on F?
using the program SHELXL-93.3 For 6 and 8 all non-H atoms were
refined anisotropically, whereas for 11 and 13 idealized isotropic aromatic
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rings were employed. Hydrogen atoms were included using a riding
model. For 6 and 8, which crystallize in polar space groups, the absolute
structure was determined by an x refinement? and the origin fixed by
the method of Flack and Schwarzenbach.35 For 6, 11, and 13, the tolyl
methyl group is disordered over two positions (refined isotropically with
a total occupation factor of 1). Further details are given in Table 10.
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