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The reaction of disodium phenyltrithiophosphonate with (triorganophosphine)gold(l) chlorides in the molar ratio
1:2 in dichloromethane gives high yields of the corresponding dinuclear complexes PhP(S)[9MuWMRR R =
Ph (1), Me, Et,i-Pr, ando-Tol. The crystal structure of compleixhas been determined by single crystal X-ray

methods. The two gold atoms are bound to separate sulfur atoms, leaving only one sulfur atom uncoordinated.

The compound is stabilized by amtramolecular Au--Au contact. This result shows that individual auration of

sulfur atoms is energetically preferred over double auration of only one sulfur atom. An analogous product is

obtained from trisodium tetrathiophosphate hydrate angRPuCl in CH,Cl,/MeOH: The reaction is accompanied
by partial methanolysis to give MeOP(S)[SAu(Bh Again each gold atom is bound to a different sulfur atom.
In the crystal structure of this compouridiermolecular Au--Au contacts lead to one-dimensional aggregates.
All attempts to aurate the above products further with excesB)@CI or{[(RsP)Auls0} "BF,~ reagents were
unsuccessful. PS cleavage occurred instead to give tris[(triorganophosphine)gold)]sulfoniun{ K&8)Aul:S} X .

The origin of this P-S cleavage has been traced by ab initio quantum chemical calculations of the mono-, bis-,
and trisauration of the model compoungR$ (phosphine sulfide) with [@P)Au]™ units. Only the first step was
found to be strongly exothermie-(74.5 kcal/mol), and to lead to a significant lengthening of théSRbond. The
second step has an energy balance of enlyl kcal/mol, but induces a further lengthening of theSPbond,
while the third step is strongly endothermit@7.3 kcal/mol). Bond rupture probably sets in at the second auration
step. Quantum chemical calculations have also confirmed the experimental findin (fat auration of the
dithiophosphinate anion [iRS]~ with [(HsP)Aul" gives the cation [EP(SAUPH)2] ™ (with the gold atoms bound

to different sulfur atoms), the structure of which is preferred over the isomg(BJS(AuPH),]™ (with both

gold atoms bound to the same sulfur atom).

Introduction analogous triply aurated alkoxide dications [RO(Ag]&) has

not yet been confirmed, but the dication representing the
quadruply aurated oxide dianion [O(Aul3" has been structur-
ally characterized as a molecule with a regular tetrahedral core

Gold monocations are known to have a high affinity for
sulfide and thiolate anions? Substrates with any sulfur func-
tions are therefore readily aurated, and the products show high

- : ) . ) .9 structure®
stability. The primary products, in which each sulfide group is With this background, we have recently started systematic
formally saturated by one gold atom, can be aurated even further,. oo 9 L Wy 1ead Sys
and recent work has shown that up to four (and probably more) Investigations of the auration of phosphm_e sulfléersg,whlch
gold atoms can be accommodated in the coordination spherethe negative charge at the sulfur atom is neutralized by the
of a sulfide dianion (Scheme &} neighboring phosphonium center. This should lead to a reduction

The resulting dications have .an unusual square pyramidal of the formal charge at the aurated sulfur center and influence

4 2 ) its acceptor properties. Surprisingly, all attemptptdyaurate
structuré# reminiscent of that of the corresponding tetragold phosphine sulfides have led to a cleavage of th&mond after

phpsphonlur? ang t-afrsonléjlrﬁl catlonts.dlzy th.mtraﬁ'sthlou‘;‘te themonauration step. In the presence of a second sulfur center,
anions were found to form triply aurated dications [RS(AJ# as indithiophosplinates, auration led to stepwise auration at

with a nearly tetrahedral structufeThe existence of the o pgifur center instead of a diaurationaatesulfur atomio:1:

- R We have extended this work now to includiéthiophos-
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of the diauration of the [FPS]~ anion and of the stepwise in pentane and diethyl ether. Its composition was confirmed by
triauration of phosphine sulfide J#—S as a model substrate. elemental analysis. TH&, 13C{1H}, and®P{'H} NMR spectra
[HsP—Au] ™" cations were introduced as the acceptor units in were instrumental in showing that in chloroform solution the
each case. AuPPh units are structurally equivalent.
Tris(trimethylsilyl)tetrathiophosphate was also probed as
starting material, but its reaction with 1 equiv of tris[(phos-
Treatment of a solution of a (phosphine)gold chloride in moist phine)gold(l)Joxonium tetrafluoroborate in dichloromethane at
dichloromethane with disodium phenyltrithiophosphonate in the —40 °C led to P-S bond cleavage and formation of tris-
molar ratio 2:1 leads in a metathesis reaction to the correspond-[(phosphine)gold(l)]sulfonium tetrafluoroborate (eq 3). No
ing dinuclear trithiophosphonate complexes (eq 1). Crystals of (phosphine)gold(l) tetrathiophosphate could be detected or

Preparative Results

isolated.
s s
Il » (RPIALC] CH,Cl, ,I,l .
e + 2 (R,P)AUCT  —— e
Nasw P~ (RsP)AU m’ ReP)AuSH P i i
Nas (RsP)AuS — P + {[(R,P)AUL,0}" BF, (RiP)AUS™ " P~
MesSiS"™"/" N ssime, Sk 4 3 / SAu(PR;)
R = Ph, Me, Et, i-Pr, 0-Tol Me;Sis (RsP)AUS
1 2 3 4 5 (3)
@
the triphenylphosphine complelxcan be obtained by crystal- {(RsP)AULS) BF,

lization from dichloromethane/pentane at@ (yield 78%, mp
157°C with decomposition). The complexes with other tertiary  stryctural Studies
phosphines are also colorless, air-stable solids, soluble in di-

and trichloromethane (yield 686%). All compoundd—5 have SS-Bis|(triphenylphosphine)gold(1)] phenyltrithiophosphon-
been characterized by their analytical and spectroscopic data@te,1, crystallizes in the monoclinic space groB/c with Z
(Experimental Section); thefP{'H} NMR spectra show two = 4 formula units in the unit cell. The lattice contains

singlet signals of relative intensity 1:2 and prove the proposed independent molecular units with no crystallographically im-
stoichiometry. A reaction route affording the trinuclear com- Posed symmetry (Figure 1). Two of the three sulfur atoms
plexes starting with phenyltrithiophosphonic acid bis(trimeth- (S1, S2) are aurated with angles-S3ul—P1/S2-Au2—P3
ylsilyl)ester has recently been publish€d. [(168.15(6)/171.91(5] significantly bent away from the 180

All attempts to accomplish a metathesis reaction leading to Standard to allow an intramolecular AtAu contact of 3.1793(4)
the formation of polyaurated tetrathiophosphate failed. Treat- A- The coordination at the phosphorus atom is distorted
ment of several (phosphine)gold chlorides in dichloromethane tetrahedral with one short [R853= 1.932(2) A] and two long
with trisodium tetrathiophosphate in methanol led to the [P3—S1 and P3-S2 = 2.070(2) A] P-S bond lengths, the
corresponding dinuclear trithiophosphate complex as a meth-former clearly representing a double bond. There are no sub-
anolysis product (eq 2). It was not possible to find a solvent vVan der Waals intermolecular contacts (neither--Au nor

system in which both educts and products were stable. Au---S).
Bis[(triphenylphosphine)gold(IP-methyltrithiophosphates,
i CH,Cl, i crystallizes in the monoclinic space gro&gi/n with Z = 4
Nasw gy, © 2 (RPIACH CHOH e 2NaCH e NaSH - pjausi 'l"\o,,,e molecules in the unit cell. The lattice is composed of equivalent
nas Repy g (ePAuS molecular units, one of which is shown in Figure 2. These
2 molecules are aggregated into strings through short inter-

molecular Au--Au contacts (Figure 3). The two-FAu—S units
The neutral triphenylphosphine compléxwas isolated by are close to linear with standard A® and Au-S distances.
crystallization from CHCl,/pentane (yield 73%) as a colorless, The geometry at the central phosphorus atom is distorted
air-stable solid, soluble in di- and trichloromethane, but insoluble tetrahedral.
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Figure 1. Molecular structure of compound(ORTEP drawing with
50% probability ellipsoids; H-atoms omitted for clarity). Selected bond
lengths (A) and angles (deg): AuPl = 2.257(2), AutS1 =
2.329(2), Au2-P2 = 2.256(2), Au2-S2 =- 2.321(1), P2S1 =
2.070(2), P3-S2=2.070(2), P3-S3= 1.932(2), P3-C311=1.815(6),
Aul---Au2 = 3.1793(4); P+Aul—S1= 168.15(6), P2Au2—-S2 =
171.91(5), S+P3-S2 = 109.82(9), S+P3-S3= 115.21(10), S+
P3-C311 = 106.2(2), S2-P3-S3 = 109.66(10), S2P3-C311=
106.3(2), S3-P3—C311= 109.2(2).

Figure 2. Molecular structure of compourgl(ORTEP drawing with
50% probability ellipsoids; H-atoms omitted for clarity). Selected bond
lengths () and angles (deg): AuP1 = 2.310(2), Aut-S1 =
2.371(2), Auz-P2=2.288(2), Auz2-S2= 2.351(1) P3-S1=2.059(2),
P3-S2=2.061(2), P3-S3= 1.961(2), P3-O = 1.663(4), O-C1 =
1.459(7); P+Aul—-S1= 178.96(5), P2Au2—S2= 176.01(6), St
P3-S2=107.06(9), S+P3-S3=116.57(9), S+ P3-0 = 101.5(2),
S2-P3-S3 = 116.08(9), S2P3-0O = 106.7(2), S3-P3-0 =
107.6(2), P3-0—C1 = 122.7(4).

Figure 3. Chain formation of the monomers of compoudithrough
Au---Au contacts [Aui--Au2 = 3.3464(5)].

Two of the three sulfur atoms (S1, S2) are engaged in
coordinative bonding, each carrying only one gold atom. The
distances P3S1=2.059(2) A and P3S2=2.061(2) A clearly
represent P-S single bonds, and this is also reflected by the
angles P3S1-Aul 100.65(7y and P3-S2—-Au2

102.08(7j. The third sulfur atom (S3) and the methoxy group 17
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type A type B

Figure 4. Isomeric structureA and B of bis[(phosphine)gold(l)]
dithiophosphinate.

show standard®S and P-O—Me bonding characteristics [P3
S3 = 1.961(2) A, P3-O = 1.663(4) A, C+O0—P3 =
122.7(47].

These structural results demonstrate that two monoaurations
of sulfur centers are preferred over a diauration at only one sulfur
center. It is unlikely that the opportunities for aurophilic bonding
are of significance for this preference, because it is known that
aurophilic bonding is as common for [R&u—L] molecules
as it is for [R-S(AuL),]™ units1213|t should be noted that the
two bulky PhP ligands are not preventing aurophilic contacts
between gold atoms within the same molecule or between
different molecules, although the mutual approach is clearly not
an optimum [AutAu2 = 3.1793(4) A in1, Aul—Au2
3.3464(5) A in6], even though neighboring-PAu—S axes are
“crossed” to reduce congestion.

Quantum Chemical Studies

For dinuclear complexes of dithiophosphinate ligands we have
recently shown that there is also a structural type realized in
the solid state, in which the gold atoms are equally bonded to
different sulfur atoms (typé\, Figure 4)1° In contrast, NMR
data suggest the existence of an equilibrium in solution with
both gold(l) atoms attached to the same sulfur (tBp&igure
4). The energy difference associated with this ligand exchange
is expected to be very small, but there are no calculations to
support this assumption.

To analyze this equilibrium, a geometrical optimization was
performed for both structure types on reduced integral second-
order Mgller-Plesset (RIMP2) levét using Turbomol® and
19 valence-electron (19 VE) pseudopotentiéifgllowed by a
single-point MP27 energy calculation with the resulting struc-
tures.C, symmetry was assumed for structdxeCs symmetry
for structureB. H atoms were used in the calculations instead
of the phenyl groups present in the experimental counterparts,
a widely accepted modé¥:19At the ab initio MP2 level, PMg
gives the same interaction depth, but largethan for PH.1°

(12) Wang, S.; Fackler, J. P., Jnorg. Chem.199Q 29, 4404.

(13) Sladek, A.; Schmidbaur, KChem. Ber1995 128 907.

(14) Weigend, F.; Hser, M.; Patzelt, H.; Ahlrichs, RChem. Phys. Lett.
1998 294 143.

(15) Ahlrichs, R.; Ba, M.; Haser, M.; Horn, H.; Kémel, C.Chem. Phys.
Lett. 1989 162, 165.

(16) Au (19-VE): Andrae, D.; Hassermann, U.; Dolg, M.; Stoll, H.; Preuss,

H. Theor. Chim. Actd 99Q 77, 123. (8s7p6d2f)/[6s5p3d2fks = 0.20

and 1.19. S (6-VE): Bergner, A.; Dolg, M.; Stoll, H.; Preuss M.

Phys. 1993 80, 1431. (4s4pld)/[2s2pldhy = 0.421. P (5-VE):

Bergner, A.; Dolg, M.; Stoll, H.; Preuss, Wol. Phys.1993 80, 1431.

(4s4pld)/[2s2pldlpg = 0.340. H: Dunning, T. H., Jr.; Hay, P. J. In

Modern Theoretical Chemistrchaefer, H. F., Ill, Ed.; Plenum: New

York, 1977; Vol. 3, pp +28. (4slp)/[2s1p]e, = 0.800.

Magller, C.; Plesset, M. 2hys. Re. 1934 46, 618.

have no structurally discernible donor/acceptor interactions and(18) H&erlein, O. D.; Rech, N.J. Phys. Chem1993 97, 4970.
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Table 1. Calculated Bond Distances and Angles of the Two Isomers of Bis[(phosphine)gold(l)] Dithiophosphinate in Comparison with Known
Crystal Structure Data

{HP[SAU(PH)]2}* { PhP[SAU(PPB)]."BF,~ {H:P(S)S[AU(PH)]} *
typeA typeA typeB
MP2 XRD MP2
P1-S4 2.07A 2.04 A P1S4 1.98A
S4—Au5 2.34 A 2.34 A P%S5 2.16 A
Au5—P12 2.28 A 2.25A S5Au6 2.37A
Au5—Au7 2.93A 3.24 A Au6-P7 2.28 A
P1-S4—Au5 93.8 101.9 Au6—Aull 2.92 A
S4—-Au5—P12 174.4 173.3 Aub—S4 3.25A
S6-P1-S4 117.0 115.3 P1-S5-Au6 89.7
S5-Au6—P7 175.8
Au6—S5-Aull 76.0
Table 2. Calculated Bond Distances and Angles{iisPS[Au(PH)].}™ (n =1, 2, 3)
n=1 n=2 n=3
P2-S3 2.03A P2-S3 2.11A P1-S5 2.14 A
S3-Au4d 2.33A S3-Aud 2.36 A S5-Aub 2.37A
Aud—P5 2.29 A Au4-P5 2.30 A Au6-P7 2.31A
P2—-S3-Au4 96.8 Aud—Aull 3.03A Au6-Aull 3.94 A
S3-Au4—P5 176.3 P2-S3-Au4 101.7 P1-S5-Au6 105.9
S3-Aud—P5 175.2 S5-Au6—P7 177.9
Aud—S3-Aull 79.7 Au6—S5-Aull 112.8

3[Au(PH,)]* + H,P=S — +2 [Au(PH,)I*
- 76.4 kcal/mole
2 [Au(PHy)J* + {H,PS[Au(PHy]}* —_— + [Au(PH,)]*

- 1.1 kcal/mole

[Au(PHy)]" + {HPS[AWPH;)],}*  ——>
+ 67.3 kcal/mole

Figure 5. Energy balance of a stepwise auration of phosphine sulfide.

Selected distances and angles of the calculated structures arauration has been observedittempts of polyauration have
summarized in Table 1 and compared with the values from the failed and resulted in the formation of triaurosulfonium salts
crystal structure of [P#P(SAuPR),]™BF,~.1° For type A an by cleavage of the phosphorusulfur bond, probably owing
energy minimum fully consistent with the solid-state structure to a drastic lengthening and weakening of theSPbond.
was found. However, due to the absence of significant sterical  In pertinent calculations again only hydrogen atoms were used
effects the Au-Au distance (2.93 A) is smaller by about 0.3 A instead of phenyl groups to give model systemsPS
as compared with the experimental value. As well-kndMine (AuPH)™* (n= 1, 2, 3). Standard MP2 geometry optimization
MP2 level exaggerates the aurophilic interaction for large and energy calculation methods were applied: e 1 (Cs
enough basis sets (2f). The calculated structural paso symmetry) the Gaussian®4program package was used, and
shows strong gold-gold interactions with a distance of 2.92  for n= 2 (Cy) andn = 3 (Cs,) Turbomole was usetf.Selected
A, but no interactions of the gold atoms with the noncoordinated distances and angles of the cations are summarized in Table 2.
sulfur atom. A comparison of the calculated MP2 energids ( The energetic balance is given in Figure 5.
= 8 kcal/mol) confirms that in the gas phase typés favored, The structure obtained for the monoaurated product is fully
which is in good agreement with the result of the experimental consistent with known related solid-state struct§résordina-
work. However, considering the small energy difference, type tion of a AuPH; group to KPS leads to a lengthening of the
B cannot be excluded totally for certain solvents or for phosphorus-sulfur bond from 1.97 A in BPS to 2.03 A in the
combinations with other anions. adduct. The energy gain for this step amounts-%6.4 kcal/

While thiols can easily be converted into di- or trinuclear mol. By contrast, coordination of a second [(phosphine)gold]
complexes, for the related phosphine sulfides only mono-

(20) Gaussian 94, Revision C.3: M. J. Frisch, G. W. Trucks, H. B. Schlegel,
P. M. W. Gill, et al., Gaussian Inc., Pittsburgh, PA, 1995.

(19) Pyykkag P.; Runeberg, N.; Mendizabal, Ehem. Eur. J1997, 3, 1451.
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unit has an only slightly exothermic charactA§= —1.1 kcal/ Table 3. Crystal Data, Data Collection, and Structure Refinement
mol), even though the two metal atoms can approach each othefor Compoundsl and 6*

quite closely at Au4Aull = 3.03 A. In the second auration 1 6

step a further significant weakening of the phosphemdfur

Crystal Data

bond shows in a lengthening to P33=2.11 A. Itis probably empirical formula GoH3sAULP:Ss CarHasAUOPS;
at this stage that rupture of the—B bond occurs to give M, 1122.72 1076.66
triaurosulfonium salts. A third auration step has only a minor cryst syst monoclinic monoclinic
influence on the PS bond (P+S5= 2.14 A), and the four space group P2i/c P2i/n
. - a(A) 12.134(1) 12.694(3)
groups surround the sulfur atom in a tetrahedral geometry similar b (A) 13.134(1) 12.895(1)
to that of MeS[Au(PP¥]s?>".7 In this model the goletgold c(A) 24.428(3) 22.895(3)
distances become too long to allow metaietal interactions. S (deg) 94.83(1) 94.25(1)
This step is strongly endothermidE = +67.3 kcal/mol. The V(A3 3879.2(6) 3737.4(11)
SAuz pyramid can only revert to a geometry with short-Au Pealca (g CNT°) 1.922 1.913
Au contacts by a cleavage of the-B bond. é(ooo) 2152 42056
In conclusion this short theoretical study has shown that ,(vo ko) 78.71 81.67
auration of tertiary phosphine sulfides affords a very stable Data Collection
mononuclear product, while di- and triauration lead to a 1 (c) —78 ~110
weakening of the PS bond and are associated with an only scan mode w—0 )
weakly exothermic or strongly endothermic energy balance, hklrange —14—+10,0—16, 0—16,0— 16,
respectively. The experimentally observed cleavage of the PS —30—+30 —28—28
bond at the second auration step opens up a pathway to theSiN/Amax 0.62 0.64
much more stable trigoldsulfonium cations no. of measured refins 11542 8188
: no. of unique reflns 7600 = 7846 Rt =
) _ 0.0396] 0.0208]
Experimental Section no. of refins used 6701 7789
. . for refinement
General Procedures.All experiments were carried out under an 4« correction DIFABS y-scans
atmosphere of dry, purified nitrogen. Glassware was dried and filled .
with nitrogen. If not otherwise stated, solvents were dried, distilled, . Refinement
and kept under nitrogen. NMR: JEOL-GX 270 (109.4 MHz), SiMe no. of refined params 451 415
X B =~ final Rvalues [ > 20(l)]
as internal standard, phosphoric acid as external standard. MS: Finnigan a 0.0296 0.0324
MAT 90. Microanalyses: Elementar (by combustion techniques). WR2 0.0540 0.0764
Starting materials were either commercially available or prepared (shift/errorina <0.001 <0.001
following literature procedures: PhP(S)(SH&) NaPS;-9H,0,2? pin(max/min) (e A3) 0.819/-0.759 1.70541.948

P(S)(SSiMeg)3,?® (MesP)AuCI > (EtsP)AuCI 5 (i-PrsP)AuCl 28 (PhgP)-
AUCI 2" (0-TolsP)AuCI 28 {[(PhsP)Au];0} *BF,~.2°

Syntheses. PhP(S)[SAu(PR),, 1. To a solution of (P§P)AuCI Vol
(231 mg, 0.470 mmol) in moist dichloromethane (20 mL) was added 0.0376 6); b= 14.05 (), 4.01 6).
PhP(S)(SN&)(58 mg, 0.230 mmol). After the solution was stirred for PhP(S)[SAu(PMe)]., 2. The synthesis was analogous to thatlof
2 h, the solvent was removed totally in vacuo, and the remaining with (MesP)AuCl (143 mg, 0.464 mmol) and PhP(S)(SN&8 mg,
precipitate was extracted with 10 mL of dry dichloromethane. After 0.232 mmol) to give 113 mg (65%) & Mp 139°C dec. Anal. Calcd
filtration the solvent was again removed in vacuo, and the remaining for Ci2H23AuPsSs: C, 19.21; H, 3.09; S, 12.82. Found: C, 18.98; H,
colorless solid was washed with diethyl ether and pentane. Crystals 3.25; S, 13.30'*H NMR (CDCl;):  7.85-8.24 (m, 5 H, PhPsj, 1.72
suitable for X-ray studies of complek could be obtained from a  (d,Jup = 11 Hz, 18 H, AuPMg). 3P{*H} NMR: ¢ 85.6 (s, 1 P, PhR§H
dichloromethane solution layered with pentane by cooling Qyield —6.3 (s, 2 P, AuPMg. 3C{*H} NMR: 6 128.4 (d,Jcp = 11 Hz),
201 mg, 78%). The compound is air-stable and stable in solution, 127.2 (d,Jcp = 12 Hz), 129.7 (dJcp = 3 Hz), (0-, m-, p-C of PhPS),
soluble in dichloromethane and chloroform, but insoluble in pentane ipso-C atoms of PhPSwere not observed with certainty, 17.1 (dp

*R= 3 (IIFol — Fd)/ZIFo. "WR2 = {[3W(Fo* — FAF/ F[WFs*)}
w = 1/[o%(F) = (ap)? + bpl; p = (Fo? + 2FA/3; a = 0.0240 (),

and diethyl ether. Mp 157C dec. Anal. Calcd for GH3sAuP:Ss: C,
44.93; H, 3.14. Found: C, 44.58; H, 3.3 NMR (CDCl): 6 7.26—
8.44 (m, Ph)3'P{*H} NMR: & 84.6 (s, 1 P, PhR} 354 (s, 2 P,
AuPPh). 3C{*H} NMR: ¢ 134.1 (d,Jcp = 15 Hz), 129.2 (dJcp =
12 Hz), 131.7 (s), 127.8 (dep = 60 Hz) ©-, M+, p-, ipso-C of AuPPHh),
128.9 (d Jep = 12 Hz), 127.1 (dJep = 13 Hz), 129.6 (S)d¢-, m-, p -C
of PhPS), ipso-C atoms of PhP$Swere not observed with certainty.
MS (FAB): mVz (rel intens) 1123 (7, [M+ 1]7).

(21) Diemert, K.; Kuchen, W.; Schepanski, EBhem. Ztg1983 107, 306.

(22) G. Brauer,Handbuch der prparativen Anorganischen Chemie
Ferdinand Enke Verlag: Stuttgart, 1960.

(23) Roesky, H. W.; Remmers, @. Anorg. Allg. Chem1977, 431, 221.

(24) Angermaier, K.; Zeller, E.; Schmidbaur, H.Organomet. Cheni994
472, 371.

(25) Tiekink, E. R. T.Acta Crystallogr., C1989 45, 1233.

(26) Schmidbaur, H.; Brachthaer, B.; Steigelmann, O.; Beruda, Ehem.
Ber. 1995 125, 2705.
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= 32 Hz, AuPMg). MS (FAB): m/z (rel intens) 751 (11, [M+ 1]%).

PhP(S)[SAu(PESt)]2, 3. The synthesis was analogous to thatlof
with (Et;P)AuCl (131 mg, 0.370 mmol) and PhP(S)(SN&7 mg,
0.180 mmol) to give 101 mg (78%) & Mp 159°C dec. Anal. Calcd
for CigHssAUPsSs: C, 25.91; H, 4.23. Found: C, 25.36; H, 3.98
NMR (CDCL): 6 7.25-8.52 (m, 5 H, PhP$, 1.81 (m, 12 H, AuP-
(CH2CHg)s), 1.10 (m, 18 H, AuP(CkCHs)s). S'P{*H} NMR: ¢ 86.0
(s, 1 P, PhPg, 36.6 (s, 2 P, AUPE} 3C{*H} NMR: ¢ 129.2 (d Jcp
=12 Hz), 127.0 (dJcp = 13 Hz), 128.6 (dJcp = 3 Hz), (0-, m-, p-C
of PhPS), ipso-C atoms of PhP$Swere not observed with certainty,
18.0 (d, Jcp = 32 HZ, AUPCH2CH3)3), 9.0 (d, Jcp =6 HZ,
AUP(CHCH3)3). MS (FAB): mVz (rel intens) 835 (10, [M+ 1]%).

PhP(S)[SAu(Pi-Pr3)],, 4. The synthesis was analogous to that of
with (i-PrP)AuCl (145 mg, 0.370 mmol) and PhP(S)(SN&7 mg,
0.180 mmol) to give 150 mg (86%) dfas a yellow viscous liquidH
NMR (CDCL): 6 7.29-8.57 (m, 5 H, PhP$, 2.23 (m, 6 H, AuP-
[CH(CHa)3]3), 1.23 (M, 36 H, AUP[CH(EBl3)]3). 3'P{*H} NMR: ¢ 84.5
(s, 1 P, PhP$, 67.3 (s, 2 P, AuR-Pr3). 3C{*H} NMR: ¢ 129.3 (d,
Jep= 12 Hz), 127.1 (dJep = 14 Hz), 128.9 (s),d-, m-, p-C of PhP$),
ipso-C atoms of PhPSwere not observed with certainty, 23.9 (dp
=29 HZ, AUPpH(CH3)2]3), 20.3 (d,Jcp =3 HZ, AUP[CHCH3)2]3)
MS (FAB): nvz (rel intens) 1276 (3, [M+ AuP4-Pr]*), 1117 (40,
[M + Au]*, 919 (2, [M+ 1]%).
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PhP(S)[SAu(Peo-Tols)]2, 5. The synthesis was analogous to that of Crystal Structure Determinations. Specimens of suitable quality
1 with (o-TolsP)AuCl (193 mg, 0.360 mmol) and PhP(S)(SN&5 and size of compoundsand6 were mounted in glass capillaries and
mg, 0.180 mmol) to give 165 mg (76%) &f Mp 167 °C dec. Anal. used for measurements of precise cell constants and intensity data

Calcd for GeHa7AUP:Ss: C, 47.77; H, 3.92; S, 7.97. Found: C, 47.42; collection on an Enraf Nonius CAD4 diffractometer (Mafadiation,
H, 3.98; S, 7.68!H NMR (CDCly): ¢ 6.91-8.63 (m, 29 H, aryl), A(Mo Ko) = 0.710 73 A). During data collection, three standard
2.52 (s, 18 H, CH). 3'P{'H} NMR: ¢ 82.2 (s, 1 P, PhR§ 17.6 (s, 2 reflections were measured periodically as a general check of crystal
P, AuPo-Tols). MS (FAB): vz (rel intens) 835 (10%, [M+ 1]*). and instrument stability. No significant changes were observed. Lp
MeOP(S)[SAu(PPh)]2, 6. To a solution of (PEP)AUCI (267 mg, correction was applied, and intensity data were corrected for absorption
0.540 mmol) in 20 mL of dichloromethane was addedP& 9H,0 effects. The structures were solved by direct methods (SHELXS-86)
(71 mg, 0.27 mmol) in 5 mL of methanoI: After the solution was stirrgd and completed by full-matrix least-squares techniques agdifist
for 2 h, the solvents were removed in vacuo, and the remaining (SHELXL-93). The thermal motion of all non-hydrogen atoms was
precipitate was extracted with 10 mL of dry dichloromethane. After {raated anisotropically. All hydrogen atoms were placed in idealized
filtration the solvent was again removed in vacuo, and the remaining cgicylated positions and allowed to ride on their corresponding carbon
co!orless solid was wa_shed with diethyl ether and pentane. Crystals 5;0ms with fixed isotropic contribution8emy = 1.9Jeqof the attached
suitable for X-ray studies of comple could be obtained from a atom). Further information on crystal data, data collection, and
dichloromethane solution layered with pentane by cooling®G Qield structure refinement is summarized in Table 3. Important interatomic

0 S . .
212 mg, 73./0)‘ The compound is air-stable an_d stable n solution, distances and angles are shown in the corresponding figure captions.
soluble in dichloromethane and chloroform, but insoluble in pentane

and diethyl ether. Mp 178C dec. Anal. Calcd for &H3zsAu0OP;Ss:
C, 41.27; H, 3.09. Found: C, 40.99; H, 3.2 NMR (CDCly): o
7.48-8.25 (m, 30 H, AuPP{), 3.74 [d,Jwr = 13 Hz, 3 H, OMe].
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