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Abstract: Treatment of [AuCl,(u-dppf)] (dppf= 1,1-bis(diphenylphosphino)ferrocene) withyBi (molar ratio 1:1)
in ethanol gives a yellow solid [S(Adppf)] (1). The sulfur atom in compleg can coordinate several neutral or
cationic gold(l) fragments giving the trinuclear neutra§ £81(CsFs)} (Au2dppf)] (2) or cationic derivatives [S(AuL)-
(Au2dppf]CIOs [L = CHPPH (3), PPh (4), PPhMe (5)]. A pentanuclear complex [AB(Awdppfl}]CIO,4 (6) is
obtained by reaction of 2 equiv of compléxwith 1 equiv of [Au(tht}]ClO,, in which the central gold atom is
bonded to two sulfur atoms. Treatment of compodnwith [Aux(OTf)(u-dppf)] (OTf = trifluoromethylsulfonate)
in a molar ratio 2:1 affords the hexanuclear complexAudppfY S(Awdppf)} 2](OTH)2 (7), in which two SAy
units are joined through the dppf ligand. The reactiod efith 2 equiv of [Au(OCIQ)PR;] leads to the quadruply
bridging derivatives [S(AuPR(Au.dppf)](ClO4), [PRs = PPh (8), PPhMe (9)]. Crystal structure determinations
were performed for complexds 7, and9. [S(Auxdppf)] (1) crystallizes in the monoclinic space groB@/n, with
a=12.571(4) Ab = 10.579(4) Ac = 15.212(4) A = 107.84(3), Z= 2, T = —130°C. [(u-Audppf} S(Al-
dppf}2)(OTf)2 (7) is triclinic, P1, with a= 15.177(3)p = 18.408(4)c = 27.894(8) A, = 88.83(2),8 = 84.46(2),

y =67.78(2),Z = 2, T= —100°C. [S(AuPPaMe),(Audppf)](ClO), (9) is triclinic, P1, with a = 13.727(2) A,

b =15.952(3) A,c = 17.763(2) A, = 71.738(12), = 73.264(14), y = 75.96(2), Z= 2, T = —100°C. All
three complexes display short gold{jold(l) interactions.

Introduction contribution to their stability. It is probable that relativistic
effects play a role in this type of bondifig? The gold-gold

In the last few years a great deal of interest has focussed on. i . f 30 A iated with bond . f
species where (phosphine)gold fragments coordinate around Jnteractions ot ca. . are associated with bond energies o

central heteroatorh. Thus interesting hypercooordinated ca- 33 kJ/mok? Ttheir strength is obviously influenced by the
compound&® of the type [C(AUPPHs]*, [C(AUPPh)¢2" electronic effects of the ligand bonded to gold, but it is becoming
[N(AUPPh)<]2+, [P(AuPPh)s]2+, and [P(Au|5P§)6]3+ have been more and more clear that steric effects are also very important.
described, apart from other complexes with more conventional To _|Ilustrate this fact, SPecies of the type C(AWRO.Uld only
stoichiometry. Their structures are fascinating from the theo- be |solz;ted when sufficient bulky ligands such as tricyclohexyl-
retical point of view. Usually, the chemistry of the first row Phosphine were used, otherwise penta- and hexanuclear

elements of the p-block is known to follow classical rules of compounds_ were obta_lned. .
bonding, and only in cases of extreme electron-deficiency had We are interested in such cqmplexes vyhere sulfur is the
the traditional electron count to be reconsidered to account for central heteroatom. . The (.:h'emlsH)y of this .type (.)f QOId(I)
special types of molecular or solid state structures. Many of complexes was or|+g|nally limited - the triply bridging

the heteroatom-centered complexes presented here are electrofP€C1eS [S(AUPB:] ™, but we have since reported the crystal

deficient and the goldlgold interactions provide a significant (7) Pyykka P.; Desclaux, J. FAcc. Chem. Red979 12, 276.
(8) Pitzer, K. S.Acc.Chem. Red 979 12, 271.
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i) [Au(CgFs)(tht)], ii) [Au(CH,PPh;)(tht)]CIO, or [Au(OClO;)(PR;)], iii) 1/2 [Au(tht),]CIO,
iv) 1/2 [Auy(OTf),(u-dppf)], v) 2 [Au(OCIO;)(PPhy)], vi) 2 [Au(OCI0;)(PPh,Me)]
Table 1. Analitical Data and Other Properties for the Complete®
Anal. (%)
complex yield (%) C H S AmP v(Au—S¥
[S(Audppf)] (1) 90 41.81 3.05 3.09 d 377 (m)
(41.65) (2.88) (3.27) 301 (m)
[S{Au(CsFs)} (Audppf)] (2) 89 36.06 1.97 1.92 12.2
(35.74) (2.10) (2.38)
[S{Au(CH.PPh)} (Audppf](CIOs) (3) 97 40.52 2.63 1.86 137.6
(40.99) (2.92) (2.06)
[S(AUPPR)(Audppf)](CIO,) (4) 91 40.15 2.53 1.74 137.7
(40.58) (2.82) (2.08)
[S(AuPPBMe)(Au.dppf)](CIOs) (5) 91 37.92 2.49 191 142.9 356 (br,w)
(38.22) (2.80) (2.17)
[Au{ S(Awdppf)} 2] (ClO,) (6) 97 35.73 2.33 2.60 d
(36.18) (2.50) (2.84)
[(u-Audppf) S(Awdppf)} 2](OTH), (7) 95 38.84 2.61 3.61 224.5 335 (br,w)
(38.95) (2.64) (4.00)
[S(AuPPR)(Audppf)](ClO,)2 (8) 90 40.06 2.61 131 254.1
(40.08) (2.79) (1.53)
[S(AuPPhMe),(Au.dppf)1(CIO4). (9) 85 36.79 2.71 1.80 255.6 282 (w)
(36.51) (2.76) (1.62)

aCalculated values are given in parenthedds acetone, values i@~

structur@® of the electron-deficient derivative [S(AuUPHAZ .

L cn? mol™L. ¢ Values in cntt. ¢ Not enough soluble.

the square pyramidal form found in [S(AuP?; it can be

Here we report a similar type of complex, with the difference regarded as distorted trigonal bipyramidal at sulfur, with one
that an [Ay(u-PP)F" fragment around the sulfur atom serves position occupied by the lone pair of electrons.

as a building block.

It can react with several gold(l) derivatives
affording tri- and tetranuclear complexes, some of them with

unprecedented structural frameworks. Thus we describe the

structure of [S(AuPPiMe)(Auxdppf)?™ (dppf = 1,
(diphenylphosphino)ferrocene), which does not correspond to

I-bis-

(18) Schmidbaur, H.; Kolb, A.; Zeller, E.; Schier, A.; Beruda, H.

Anorg. Allg. Chem1993 619, 1575.

(19) Angermaier, K.; Schmidbaur, KLhem. Ber1994 127, 2387.
(20) Canales, F.; Gimeno, M. C.; Jones, P. G.; Lagun&rngew. Chem.,

Int. Ed. Engl 1994 33, 769.

Results and Discussion

orange air- and moisture-stable solid.

The reaction of [AuCly(u-dppf)] (dppf =
nylphosphino)ferrocene) with 1 equiv ofAd in ethanol affords
the dinuclear complex [S(Adppf)] (1), in which the two gold
atoms are bridged by the 1;kis(diphenylphosphino)ferrocene
ligand and the sulfur atom (see Scheme 1). Compléx an

1,1-bis(diphe-
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Table 2. NMR Data for Complexed—9

NMR2
31P 1H
complex dppf L H Cp Hz Cp CHs CH, 2Jup

[S(Audppf)] (1) 30.0 (s) 3.9 (s, br) 4.6 (s, br)
[S{Au(CsFs)} (Audppf)] (2) 25.3(s) 3.9 (s, br) 4.6 (s, br)
[S{ Au(CH.PPR)} (Audppf)](CIOQs) (3)  26.1(s) 30.8 (s) 4.0 (s, br) 4.5 (s, br) 2.14(d) 12.69
[S(AuPPR)(Au.dppf](CIOs) (4) 27.4(s) 34.1(s) 4.10 (s, br) 4.46 (s, br)
[S(AuPPhMe)(Au.dppf)](CIOy) (5) 27.0 (s) 18.9 (s) 4.10 (s, br) 4.50 (s, br) 2.12 (d) 9.76
[Au{S(Awdppf)}2](ClO,) (6) 25.5 (br) (4.5-3.8) (m, br)
[(u-Audppf) S(Awdppf)}2](OTH): (7) 28.5(s) (4.7, 4.5, 4.4,4.1, 4.0, 3.2, 3.0) (m)

25.1(s)

23.0(s)
[S(AUPPR)2(Audppf)](CIO,), (8) 26.4 (s) 32.9(s) 4.18 (s) 4.59 (s)
[S(AuPPhMe),(Au.dppf)](CIOs)2 (9) 25.9(s) 18.6 (s, br)  4.14 (s, br) 4.59 (s, br) 2.07 (d) 10.74

aRecorded in CDG| coupling constants in hertz;= singlet, d= doublet, m= multiplet, br= broad.

the gold—gold interaction. The AuS distance is 2.300(2) A
and is longer than in the latter complex, 2.157(5) and 2.161(5)
A; however, it falls in the same range as found in [S(AuP-
Phe)s]* 17:180r [Au{ S(AUPPHR);} 2] ;22 where the sulfur atom is
surrounded by three gold atoms. Also, the-Abond length

of 2.247(2) A'is longer than in [S(AuPB)], although similar

to the Au—P distances in bis(diphenylphosphino)ferrocene
gold complexeg® The coordination at the gold centers is
slightly distorted from linear, with a PAu—S angle of
173.78(6). There is a contact of 3.535 A between a dichlo-
romethane chlorine and the gold atom. This is the first example
Figure 1. The structure of comples in the crystal. Displacement of a digold-diphosphine _ur_]l_t coordinated t(_) a sulfur center,
parameter ellipsoids represent 50% probability surfaces. The H atoms@nd shows the great flexibility of the dppf ligand to adapt to
are omitted for clarity. The crystallographic 2-fold axis passes through different geometries at the metal center.

the atoms S and Fe. Complex 1 can serve as a building block for preparing
polynuclear sulfur-centered complexes. We have studied the
reactions of1 with several gold(l) derivatives. Thus the

Table 3. Selected Bond Lengths (A) and Angles (deg) 18r

Au—-P 2.247(2) Au-S 2.300(2) treatment ofl with 1 equiv of [Au(GFs)tht] affords the neutral
Au—Au#1? 2.8820(10) Fe-C(4) 2.025(7) derivative [S(AuGFs)(Audppf)] (2), and with [Au(CHPPh)-
Eg:ggg ggiigg Egggg g'ggggg tht]CIO, or [Au(OCIOs)PRy] the cationic complexes [S(AuL)(Au
- ' dppf)ICIOs [L = CHPPh (3), PPh (4), PPhMe (5)] are
g—ﬁu—i " 15313-27;3((46)) &?)HEAX#P 33-2?2()5) obtained. They behave as nonconducti®) 6r as 1:1
—AUu—AU#1? . —AuU . _5) i i
C(21)-P-Au 113.902) {11y P—AU 116.002) electrolytes 3—5) in an acetone solution. In the IR spectra the

most significant absorptions are weak bands arising from the
v(Au—S) vibrations, in comple® bands of the pentafluorophe-

a Symmetry transformations used to generate equivalent atéths nyl group bonded to gold(l) at 1499 s and 953 mépand in
— 1 — 3,

X+ 2y, 2+ % compound3 the »(Au—C) band of the ylide ligand at 575 m

In the IR spectrum the absorptions arising fra®u—Cl) cmt. . .
in the starting material are replaced by two bands fegfu— TheH NMR spectra show in all the cases two broad singlets
S). The NMR data are consistent with the formulation and only for the cyclopentadienyl protons; the resonances of the meth-
one signal is observed in tH&{'H} NMR spectrum, because ~ Y/ene and methyl groups of the ylide and the methyl of the
of the equivalence of both phosphorus atoms; intHéN\MR phosphine ligand appear as doublets. ¥R¢'H} NMR spectra
spectrum, apart from the multiplets for the phenyl protons, two Show two signals because of the two different phosphorus
broad singlets appear for tleand3 protons of the cyclopen- ~ €nvironments, with the exception o_f comp2where only one
tadienyl rings (Table 2). resonance appears. An upflelc_l d|splac§mmN3 ppm) is

The FAB™ mass spectrum shows the molecular peak plus a Observed compared to the starting material for the signal of the
proton atmiz = 981 (MH", 42%). The most intense peak d|phosph_|ne phosphor_us. This upfl_eld shift has also been
corresponds to the species Au(dgpBt m/z 751 and higher reported in the conversion of (phosphme)gold(l) compounds to
peaks appear aw/z 1177 [(M + Au)™, 8%] and 2158 [(2MH+ homoleptic hypercoordinated species such as [C(4dLand
Au)t, 57%]. [C(AuL)¢]?t.

The crystal structure of complek has been confirmed by The FAB" mass spectra of complexe3-5 show the
X-ray diffraction and the molecule is shown in Figure 1. Mmolecular cation peak as the most intensevat1453 (3), 1439
Selected bond lengths and angles are collected in Table 3. The4), and 1377 §). Other fragments are [Aul] and [Auly]*,
molecule has _crystallographic 2-fold symmetry. The'two gold (21) Lensch, C.. Jones, P. G.. Sheldrick, G, M.Naturforsch 1982
atoms are bridged by the sulfur atom and there is a short 37p 944,
intramolecular Aer-Au' contact of 2.8820(10) A, much shorter (22) Jones, P. G.; Lensch, C.; Sheldrick, G. E1.Naturforsch.1982

i 21 37h, 141.
t_Pr?n ;hatsf_oAunid_ln_tEe Jcr:ol/mplei [iVQ/“F’ﬁﬂ |[3:018(1) Al (23) Hill, D. T.; Girard, G. R.; McCabe, F. L.; Johnson, R. K.; Stupik,
e Au- u' (i =—x+ "y, —z+ ) angleis very narrow  p_p:zhang, J. H.; Reifj, W. M.; Eggleston, D. Borg. Chem 1989 28,

[77.57(9F] compared to [S(AUPR}y] [88.77(1Y], thus favoring 3529.

Au—S—Au#1? 77.57(9)
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Table 4. Selected Bond Lengths (A) and Angles (deg) Tor

Au(1)—P(1) 2.250(10)  Au(1¥S(1) 2.337(9)
Au(1)-Au(4) 2.905(2) Au(1}-Au(2) 2.922(2)
Au(1)-Au(3) 3.247(2) Au(2)-P(2) 2.266(9)
Au(2)-S(1) 2.328(8) Au(ZFAu(d)  3.246(2)
Au(3)-P(3) 2.262(10)  Au(3)S(1) 2.338(9)
Au(3)-Au(6) 3.283(2) Au(4)-P(4) 2.282(10)
Au(4)-S(2) 2.368(9) Au(4)Au(5) 2.920(2)
Au(4)—Au(6) 3.272(2) Au(5}-P(5) 2.269(9)
Au(5)-S(2) 2.324(9) Au(5yAu(6)  3.247(2)
Au(6)—P(6) 2.270(10)  Au(6}S(2) 2.328(9)

P(1)-Au(1)-S(1) 173.1(3) P(HAu(l)—Au(4) 101.6(3)

S(1y-Au(1)—Au(4) 84.5(2) P(1yAu(l)-Au(2) 122.3(2)

S(1)-Au(1l)—Au(2) 51.1(2) Au(4yAu(l)—Au(2) 134.83(6)
P(1-Au(1)-Au(3) 135.4(3) S(1yAu(1)—Au(3) 46.0(2)

Au(4)—Au(1)—Au(3) 93.59(5) Au(2y-Au(l)—Au(3) 63.23(5)
P(2-Au(2)—-S(1) 174.2(3) P(2yAu(2)—Au(l) 122.8(3)

S(1)-Au(2)—Au(l) 51.4(2) P(2rAu(2)—Au(3) 133.8(3)

; ; ; ; S(1y-Au(2)—Au(3) 46.0(2) Au(lyAu(2)—Au(3) 63.27(5)
Figure 2. The cation of complex7 in the crystal. Displacement

parameter ellipsoids represent 50% probability surfaces. Carbon atomsgg)tﬁﬂgg_igl()z) 1259 g(%) gg’;ﬁﬂgg_ﬁﬂgg g?i%

are spheres of arbitrary radius. H atoms are omitted for clarity. S(1)-Au(3)-Au(1) 46.0(2) AuRyAu(3)-Au(l) 53.49(4)
P(3)>-Au(3)—Au(6) 101.0(2) S(1yAu(3)—Au(b) 87.8(2)

and atm/z 2157 the peak assigned to the cation {S(¢Au,- Au(2)—Au(3)—Au(6) 131.38(6) Au(1}Au(3)—Au(6) 85.69(5)

dppf)2]* appears. P(4)-Au(4)—-S(2) 171.6(3) P4 Au(@)—Au(l) 102.5(2)

Although these complexes have not been characterized bygg)):ﬁﬂgﬁgiﬁﬂ%g gg:g% ig‘gﬁiﬁgfiﬁs) 152:2532()7)

X-ray diffraction, we assume they have a similar structural P(4y-Au(4)-Au(6) 133.3(3) S(2}Au(4)—Au(6) 45.3(2)
framework to that found in the complexes [S(AWPR", with Au(1)—Au(4)—Au(6) 91.74(6) Au(5-Au(4)—Au(6) 62.96(5)
short contacts among the gold(l) centers. P(5)-Au(5)—S(2) 173.7(3) P(5YAu(5)—Au(4) 122.8(2)

As we have remarked before, all the positive-ion FAB S?ﬁ“@:ﬁ“(@) ié-g(g) 2(52'“;'\(5)5_3'\(6)6 12;-29)5
experiments for these complexes reveal with high intensity a PEG)): Aﬂ&;_slé()) 167'.6((3)) Plzé})'&u(ué)_) Au(u5()) 125'_5(2())
peak that corresponds to the species{[8(Auxdppf}2] *. This S@2)-Au(6)-Au()  45.7(2) P(6YAu(6)-Au(4) 139.9(3)
indicates the stability of this derivative, and for this reason we S(2)-Au(6)—Au(4) 46.3(2) Au(5rAu(6)—Au(4) 53.22(4)
have synthesized it by treatment bivith [Au(tht),]ClO, in a P(6)-Au(6)—Au(3) 99.8(2) S(2>Au(6)—Au(3) 90.9(2)
2:1 molar ratio. The reaction affords the complex {S@Au- Au(S)—Au(6)—Au(3) 133.50(6) Au(4rAu(6)—Au(3) 86.49(5)
dppf)}2]ClO, (6) as an orange solid, scarcely soluble in common ﬁﬂgg:gﬁﬁﬁﬂ% gg'ggg ﬁﬂg;:gg)):ﬁﬂ% ;;g%
solvents. Thé‘H NMR spectrum shows broaq bands for the Au(5)—S(2)-Au(4) 77:0(3) Au(6}-S(2)-Au(4) 88:3(3)
cyclopentadienyl protons, and also a broad singlet is observedc(11)}-P(1)-Au(1) 116.1(11) C(13BHP(1)-Au(l) 107.9(9)
for the phosphorus atoms of the diphosphine in ¥H{1H} C(21)-P(1)-Au(l) 116.5(9) C(136YP(2-Au(2) 110.9(9)
spectrum. We believe that the solid state structure correspondsC(31)-P(2)-Au(2) ~ 114.2(9)  C(41yP(2)-Au(2)  113.7(9)
to that found in [A4 S(AUPPR),][SnMesCl,], 22 with a gold(l) SESKEE%S% iéggg)l) ggfﬁ’?ﬁ;ﬁ‘;ﬁ) ﬁgégg;
atom bonded to two [S(AuPRB)] units in such_ a manner that C(81)-P(4)-Au(4) 115.4(9) C(14BP(4)-Au(d) 110.1(9)
the gold and sulfur atoms adopt a boat configuration. C(146)-P(5-Au(5) 112.1(9) C(9LyP(51-Au(5) 111.8(9)

We have also synthesized a hexanuclear derivative which C(101)-P(5)-Au(5) 116.7(9) C(156yP(6)-Au(6) 112.2(11)
contains two SAg cores connected through a bridging dppf C(111)-P(6)-Au(6) 118.1(9) C(121P(6)-Au(6) 107.3(9)
ligand. The reaction of complek with a freshly prepared

solution of [Au(OTf)2(«-dppf)] in dichloromethane (molar ratio gy atoms lie 1.465 and 1.466 A out of the planes formed by
2:1) leads to [g-Audppf} S(Auwdppf} 2J(OTH)2 (7). Compound their three gold neighbors.

7 is an orange solid stable to moisture and air and behaves as .
. : . The Au—S—Au angles are very different. There are two very
a 2:1 electrolyte in an acetone solution.
narrow angles, Au(2)S(1-Au(l) = 77.6(2f and Au(5)

The room temperature NMR spectra show broad bands thatS(Z)—Au(4) — 77.0(3Y, involving the gold atoms linked to the
sharpen when the experiments are carried out5f °C. The same sulfur atorﬁ anél these a?lglesgare very similar to those in
31P{1H} NMR t ts th inglet i to th ’

{*H} spectrum presents three singlets assigned to ecomplexl; the other Au-S—Au angles have values of ca. 88

three diff t phosph i ts (i h it). L . .
ree different phosphorus environments (in eachaauni and are similar to those found in [S(AwP) complexes with

ThelH NMR spectrum is rather complex in the cyclopentadienyl bulk ) hosphi h dth d
proton region, and shows five multiplets with a 1:6:3:1:1 ratio . u ytertlary phosphines. The QEPmetW aroun ¢ €go atoms
is slightly distorted from linear, with the major deviations for

that makes difficult the assignment to particular protons. X )
The structure of compleX has been confirmed by an X-ray Au(3) and Au(6) being 169.6(3) and 167.6(3)espectively.

diffraction study and the cation is shown in Figure 2. Selected Finally, we have studied reactions where further auration of
bond lengths and angles are given in Table 4. The complex the sulfur atom takes place. Thus, the treatment @fith 2
crystallizes with an idealized composition that includes eight equiv of [Au(OCIQ)PPh] or [Au(OCIOs;)PPhMe] leads to the
molecules of chloroform. The structure consists of aAUg quadruply bridged species [S(AuBRAu2dppf)](ClO4) [PRs
core that shows short intramolecular-Afu interactions. These = PPh (8), PPhMe (9)]. These complexes have similar IR
distances vary from 2.905(2) to 3.272(2) A. The shortest spectra to compoundé and 5, with the exception of the-
contacts, Au(1rAu(4) = 2.905(2) A, Au(1)}-Au(2) = 2.922(2), (Au—S) bands, which are too weak to be observed. We have
and Au(4)y-Au(5) = 2.920(2) A, involve gold atoms of the Au previously observed this pattern of medium, weak, or unob-
dppf* fragment that are bonded to the same sulfur atom. The servedv(Au—S) bands when changing from doubly to triply
shortest contact between gold and iron is 4.284 A. The and to quadruply bridging sulfido ligands. The conductivity
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Figure 3. The cation of compleX in the crystal. Displacement

parameter ellipsoids represent 50% probability surfaces. Carbon atoms

are spheres of arbitrary radius. H atoms are omitted for clarity.

Table 5. Selected Bond Lengths (A) and Angles (deg) for
Complex9

Au(1)-P(1) 2.265(6) Au(1¥S 2.404(6)
Au(l)-Au(2)  2.9047(13)  Au(lYAu@#  2.9520(12)
Au(2)-P(2) 2.263(5) Au(2¥S 2.416(5)
Au(3)-AuB)  2.9210(12)  Au(BrAu(4) 2.9775(14)
Au(3)-P(3) 2.270(5) Au(3}S 2.367(5)
Au(4)—P(4) 2.256(6) Au(4yS 2.309(5)
P(1)-Au(1)-S 172.9(2)  P(1yAu(l)-Au(2) 120.9(2)
S—Au(1)—Au(2) 53.14(12) P(1yAu(l)-Au(@)#12 106.0(2)
S—AU(L)-AuB)#E  78.46(13) Au(2yAu(l)-Au(3)#L 129.49(4)
P(2-Au(2)-S 175.7(2)  P(2rAu(2)—Au(l) 123.02)
S—Au(2)—Au(l) 52.74(13) P(2rAu(2)—Au(3) 130.69(14)
S—Au(2)—Au(3) 51.60(12) Au(1yAu(2)—Au(3) 83.06(3)
PAUR)-Au@) 132.8(2) S-Au(2)—Au(4) 49.35(12)
Au(l)-Au(2)—-Au(4) 90.27(4) Au(3)Au(2)—Au(4) 80.88(3)
P(3)-Au(3)-S 170.8(2)  P(3YAu(3)—Au(2) 117.72(14)
S—Au(3)—Au(2) 53.13(13) P(3YAu(3)-Au(l)#2 101.58(13)
S—AU(3)-Au(l)#e  87.57(13) Au(2-Au(3)-Au(L)#P 139.70(4)
P(4)-Au(4)-S 1713(2)  P(4yAu(d)—Au(2) 134.9(2)
S—Au(4)—Au(2) 52.56(13) Au(4yS—Au(3) 109.8(2)
Au(4)—S—Au(L) 124.42)  Au(3¥-S—Au(l) 108.1(2)
Au(4)-S—Au(2) 78.1(2)  Au(3y-S—Au(2) 75.27(14)
Au(1)-S—Au(2) 741(2) C(LyP(1)-Au(l) 110.1(6)
CRL-P(1)y-Au(l) 112.7(6) C(113P(1)y-Au(l) 116.4(7)
CA1-P2-Au(2) 111.9(6) C(6}P2)rAu(2) 109.7(6)
C(31-P(2-Au(2) 115.4(7) C(71P(3)-Au(3) 111.8(6)
C(81)-P(3)-Au(3) 107.6(7) C(10B-PBy-Au@)  115.9(8)
C(61)-P(4-Au(4) 110.8(7) C(100¥P(4-Au(4)  111.5(9)
C(51)-P(4)-Au(4) 114.3(6)

a Symmetry transformations used to generate equivalent atgfns
X+ 1,-y+1 —-z+ 1

of complexes4 and5 in acetone solutions corresponds to that
of 2:1 electrolytes.

The 'H NMR spectra show in both cases, apart from the
phenyl protons, two multiplets associated with tveand

protons of the cyclopentadienyl groups, and in the spectrum of

complex9 a doublet for the methyl group appears. THE
NMR spectra show two singlets of similar intensity for the two

types of phosphorus enviroments. An upfield displacement of
ca.1l ppm is observed for the two resonances compared to thos

in complexes4 and5.
The structure of comple® has been confirmed by X-ray

diffraction anaysis (Figure 3). Selected bond lengths and angles

are given in Table 5. The complex crystallizes with three
molecules of dichloromethane per asymmetric unit.

structure reveals a new type of structural framework, because
it can be regarded as a trigonal bipyramid with one of the apical
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Au(3)

Au2]
Figure 4. Perspective view of the gold and sulfur atoms in complex
9 showing the coordination geometry of the sulfur atom.

Figure 5. Association of two cations d in the crystal. Phenyl rings
and H atoms are omitted for clarity.

atom and the other by the gold atom Au(2) (Figure 4). The
complex is then electron-deficient, since only three bonding
molecular orbitals are occupied, as has been proposed for the
complexes [As(AuPPu]™ 24 and [S(AuPPg)4]?+.20

There are intramolecular gotgyold contacts, the shortest
being between the equatorial gold atoms and the gold atom
perpendicular to them, with values of 2.9047(12), 2.9210(12),
and 2.9775(14) A. These distances are of the same order as
those found in [S(AUPR)y]2* [2.883(2)-2.938(2) A]. In the
crystal the cations 0P are paired across symmetry centers
(Figure 5); the intermolecular interactions, AutlAu(3i) =
2.9520(12) A(=1-x, 1 —y, 1 — 2), are much shorter than
in [S(AuPPh)4]2* (3.202 A).

The Au—S—Au angles for the three gold atoms located in
the equatorial plane are 124.4(2), 109.8(2) and 108 1{2¢se
values differ from the ideal 12Q0which may be a consequence
of the interaction with the other gold atom. These angles are
big enough to prevent further contacts between the equatorial
gold atoms, Au(1}Au(3) = 3.863 A, Au(1)-Au(4) = 4.170
A, and Au(3-Au(4) = 3.826 A. The Au-S—Au angles
between the gold atom in the apical position and the gold atoms
in the plane are very narrow, 74.1(2J8.1(2}, because of the

old—gold contacts. These values are similar to those found
in complex1 and in [S(AUPPE)4]?*.

The sulfur atom lies 0.57 A out of the plane formed by Au(1),
Au(3), and Au(4), whereas Au(2) lies 1.84 A below that plane.
The Au—S bond lengths are different, the longest corresponds

The 0 the gold atom in the apical position, Au{2p = 2.416(5)

A, and the shortest, Au(3S = 2.367(5) A and

(24) Zeller, E.; Beruda, H.; Kolb, A.; Bissinger, P.; Riede, J.; Schmidbaur,

positions occupied by the lone pair of electrons at the sulfur H. Nature 1991, 352, 141.
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Table 6. Details of Data Collection and Structure Refinement for the Compléx&sand9

Canales et al.

compound 1.2CHGI 7.8CHC} 9.3CHCI,
chemical formula €5H32AU2C|5FEBS C112H92AU6C|24F6F63,06P584 C63H50AU4C|3F8QP4S
crystal habit orange prism yellow plate orange plate

crystal size/mm

0.6% 0.35x 0.25

0.45x 0.25x 0.10

0.70x 0.45x 0.03

space group P2/n P1 P1

alA 12.571(4) 15.177(3) 13.727(2)
b/A 10.579(4) 18.408(4) 15.952(3)
c/lA 15.212(4) 27.894(8) 17.763(2)
o/deg 88.83(2) 71.738(12)
pldeg 107.84(3) 84.46(2) 73.264(14)
yldeg 67.78(2) 75.96(2)
U/A3 1925.7(11) 7180(3) 3487.5(9)
z 2 2 2

DJ/Mg m=3 2.106 1.925 2.122

M 1221.10 4162.08 2228.37
F(000) 1160 3960 2112
T/°C —130 —100 —100
20maddeg 50 43 50

u(Mo Ko)/mm?t 8.55 7.03 9.07
transmission 0.240.55 0.18-0.60 0.19-0.72
no. of reflcns measd 3617 15950 11617
no. of unique reflcns 3415 15877 11512
Rint 0.042 0.180 0.106

Re (F, F > 40(F)) 0.040 0.078 0.077
wR (F2, all reflcns) 0.114 0.218 0.194

no. of parameters 218 556 797

no. of restraints 158 403 1096

S 1.072 0.865 1.086
maxAp/e A3 2.32 1.88 2.93

aRF) =3 ||Fo| — IFI/3|Fol. PWR(F?) = [S{W(F2 — FA2}/S{W(F:2)Z}]°% wt = 0¥(F?) + (aP)? + bP, whereP = [F2 + 2F?)/3 anda and
b are constants adjusted by the progra®.= [S{wW(F> — Fc2)?}/(n — p)]°5 wheren is the number of data arglthe number of parameters.

Au(4)—S = 2.309(5) belong to the gold atoms bonded to £Ph  pared by published procedures. [Au(OG)PR;] was prepared from
Me; it is well-known that axial bonds tend to be longer than [AUCI(PRs)]*® and AgCIQ.

equatorial in trigonal bipyramidal systems. The-AR distances Synthesis of [S(Audppf)] (1). To a solution of LiS (0.046 g, 1

fall in the range 2.256(6)2.265(6) A and are longer than those mmol) in ethanol (S0 mL) was added [AQl,(u-dppf)] (1.019 g, 1
found in complexl or [S(AuPPhMe);]*, but slightly shorter mmol). The orange suspension was stirred for 2 h, and then the solid

- o was filtered off to yield complex.
than those in the complex [S(AuPg*". Synthesis of [S(AuGFs)(Au.dppf)] (2). To a solution of [S(Ag

Studies carried out with the sulfur-centered cations [S(AU- gppf)] (0.098 g, 0.1 mmol) in dichloromethane (20 mL) was added
PRs)s] ™ have shown the influence of the size and electronic/ [Au(CsFs)tht] (0.045 g, 0.1 mmol) and then the mixture was stirred
inductive effects of the phosphine ligattthus with PMg the for 30 min. The solution was concentratedca 5 mL and addition
[S(AuPMe&)3] ™ pyramids are grouped in pairs through-Afu of hexane (15 mL) gave a yellow solution of comp2x
contacts, which are further linked by other AAu interactions Synthesis of [S(AuL)(Awdppf)]CIO 4 (L = CH:PPhs (3), PPh
to give strings. The cations [S(AuPfte)s]* are paired across ~ (4), PPhMe (5)). To a solution of [S(Audppf)] (0.098 g, 0.1 mmol)
symmetry centers, while [S(AiFr)]*+ are monomers. We have N 20 mL of dichloromethane was added [Au(@MPh)tht]CIO, (0.066

- - g, 0.1 mmol) or [Au(OCIQ)PPhH] (0.1 mmol) or [Au(OCIQ)PPh-
shown that the ligand attached to g+0|d may also influence the Me] (0.1 mmol) and then the mixture was stirred for 30 min. Solvent
structure of the monomers [S(AWl}".

was evaporated toa. 5 mL and addition of diethyl ether (15 mL) gave
complexes3—5.
Synthesis of [f-Au){S(Au.dppf)}.]JCIO4 (6). To a dichlo-
romethane solution (20 mL) of [S(Adppf)] (0.196 g, 0.2 mmol) was
General Procedures Infrared spectra were recorded in the range added [Au(thtj]CIO, (0.047 g, 0.1 mmol). The solution was stirred
4000-200 cm* on a Perkin-Elmer 883 spectrophotometer using Nujol  for 5 min and the solvent was evaporatedctn 5 mL. Addition of
mulls between polyethylene sheets. Conductivities were measured ingdiethyl ether (15 mL) gave complex
ca.5 x _1cr_4 mol dm 3 solutions with a Philips 9509 conductimeter Synthesis of [f-Audppf){ S(Audppf)}2(OTf) > (7). To a dichlo-
andAw is given inQ~* cn? mol~%. C, H, S analyses were carried out  romethane (20 mL) solution of [AClx(«-dppf)] (0.102 g, 0,1 mmol)
with a Perkin-Elmer 240C microanalyzer. NMR spectra were recorded \as added AgOTf (0.051 g, 0.2 mmol) and then the mixture was stirred
on Varian 300 Unity and Bruker 300 spectrometers in GDClhemical for 2 h. The precipitated AgCl was filtered off and to the resulting
shifts are relative to Sl'\/lﬁ(lH, eXternaI), 85% bPQ (31P, eXternal), solution containing [Ah(OTf)z(‘u_dppf)] was added [S(Mppf)] (0196
and CFC{ (*F, external). Mass spectra were recorded on a VG g, 0.2 mmol), and then the mixture was stirred for 5 min. Evaporation
Autospec using FAB techniques and nitrobenzyl alcohol as the matrix. of the solvent toca. 5 mL and addition of hexane (10 mL) gave a
The yields, analysis, conductivities, and infrangdu—S) band are yellow solid of complex7.
collected in Table 1. The starting materials p®ly(u-dppf)],2325[Au- Synthesis of [S(AUPR)x(Au2dppf](ClO »). (L = PPhs (8), PPhMe
(CeFs)tht], 2 [Au(CH-PPh)tht]CIO4,2” and [Au(tht}]CIO.*® were pre- (9)). To a solution of [S(Audppf)] (0.098 g, 0.1 mmol) in 20 mL of
dichloromethane was added [Au(OG)@Rs] (0.2 mmol) and the
(25) Gimeno, M. C.; Laguna, A.; Sarroca, C.; Jones, AnGrg. Chem. mixture was stirred for 5 min. Evaporation of solventt 5 mL and
19%56)365%912%  Laguna, AOrganomet. Synth1989 3, 322 addition of n-hexane (15 mL) gave compleX@sr 9.
(27) Aguirre, C. Jg.; Gir'neno,gM. C.: L'agb/na, A.; Laguna, M pea de X-ray Structure Determinations. Crystals were mounted in inert
Luzuriaga, J. M.; Puente, fnorg. Chim. Actal993 208 31. oil on glass fibres. Data were colleted using monochromated Bo K
(28) Usm, R.; Laguna, A.; Laguna, M.; Jimez, J.; Gmez, M. P.; Sainz,
A.; Jones, P. GJ. Chem. Soc., Dalton Tran$99Q 3457.

Experimental Section

(29) Usm, R.; Laguna, Alnorg. Synth 1982 21, 71.
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radiation ¢ = 0.71073). Difractometer type: Stoe-STADI-4)( disorder is probably more complicated. The precision of the structures
Siemens P47, 9), both with a Siemens low-temperature attachment. of 7 and 9 necessarily suffers from the presence of solvent of

Scan typew/6 (1), o (7, 9). Cell constants were refined fromw crystallization with high displacement parameters. Other data are

angles 1) or setting angles7 9) of ca. 60 reflections in the rangef2 collected in Table 6.

20—22°. Absorption corrections were applied on the basi¥e$cans

(9) or with the program SHELXAY, 7).2° Acknowledgment. We thank the Direcéim General de
Structures were solved by direct methods §) or by the heavy- Investigacim Cientfica y Tecnica (No. PB94-0079) and the

atom method?) and refined orF2 using the program SHELXL-93. Fonds der Chemischen Industrie for financial support. M.C.G.

All non-hydrogen atoms were refined anisotropically for complekes
and 9, and for compound only Au, Fe, S, and P atoms, with the
others refined isotropically. Hydrogen atoms were included using a

riding model. Because of the moderate quality of the X-ray data, the . . . .
refinements were stabilized by an extensive system of restraints to light Supporting Information Available: Tables of crystal data,

atom temperature factors and ring symmetry. Special refinement detailsdata collection, and solution and refinement parameters, hy-

were the following: Comples contains eight identifiable chloroform ~ drogen atomic coordinates and thermal parameters, bond

sites, but the high displacement parameters indicate partial occupation distances and angles, and anisotropic thermal parametets for

All calculations, however, assume the idealized composition. Complex 7, and9 (27 pages). This material is contained in libraries on

9 contains three CKCl, sites; for two of these molecules, the two  microfiche, immediately follows this article in the microfilm

chlorine atoms are disordered over three positions. However, the trueversion of the journal, can be ordered from the ACS, and can
(30) Sheldrick, G. M. SHELXA. A Program for Absorption Corrections ~ 0€ downloaded from the Internet; see any current masthead page

(unpublished). for ordering information and Internet access instructions.
(31) Sheldrick, G. M. SHELXL-93. A Program for Crystal Structure
Refinement; University of Gitingen, 1993. JA9517678
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