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Treatment ofx,w-dithiols HS(CH),SH,n = 4 or 5, with tris[(triphenylphosphine)aurio]loxonium tetrafluoroborate
affords the correspondingSS,S-tetrakis[(triphenylphosphine)aurioj;w-alkanediylbis(sulfonium) bis(tetrafluo-
roborates) of the typf[(PhsP)AUL,S(CH,)nS[AU(PPR)]2}2t2BF,~. The crystal structure of the species with=

5 has been determined by single crystal X-ray diffraction studies. In the lattice the unfolded dications are linked
into chains through short double Aiu contacts between the terminal bifurcated diauriosulfonium centers. The
analogous reactions with (racemic) 1,2-dithioglycerol and 1,2,3-trithioglycerol also give tri- and tetranuclear
complexes with a varying distribution of the metal atoms over the chalcogen(ium) centers. As again demonstrated

in a single crystal X-ray diffraction study, the dicatiofdlOCH,HCS[(PhP)AuU,CH,S[Au(PPh)]2}?" of the
dithioglycerol compound form only dimers through auriophilicity-determined pairing of the bifurcated ends, while
the open ends are shielded by the dangling hydroxyl group. tfihaclear complex of 1,2ithioglycerol is
fluxional in solution; the crystal structure has not been determined but is expected to be similar to that derived

for the analogous dithioglycol complex.

The tetranucletithioglycerol-based dications of [(PhsP)-

AU]SCH,CHS[Au(PPR)]CH,S[Au(PPh)];} TBF,~ are isolated in the lattice and feature an unsymmetrical
complexation, which is an extension of the structure of the trinuclear dithioglycol angl(@HeS);,[Au(PPhy)]3} ©

with its strongintramolecular Au-Au contacts. A similar structure is proposed for the monocdt@H,;(CH,S),-
[Au(PPh)]s} ™ obtained from propane-1,3-dithiol. The structures of these cations are also fluxional in solution,
however, as shown by variable-temperature NMR studies.

Introduction

Hydrogen sulfide and thiols are known to form tetra-, tri-,
and dinuclear auriosulfonium complexes with interesting su-

pramolecular structurds® The individual cations{S[Au-
(PRy)]3} T and{RS[AuU(PR)]2} " are associated into dimers or
even polymers through short intermolecular-Au contacts

(auriophilicity,” Scheme 1). These gold-rich sulfonium salts
are thermally quite stable, not sensitive to air and moisture under
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standard conditions, and highly soluble in polar organic solvents.
These properties qualify the compounds as substrates for
electrochemical or electroless deposition of gold from solutions,
for the reductive preparation of gold colloids (cluster solutions),
and as gold drugs for chemotherdpyyhere their role as
component of equilibria has already been firmly establisted.

(8) (a) Hunt, L. B.Gold Bull. 1979 12, 116. (b) Parish, R. VInterdisc.
Sci. Re. 1992 17, 221. (c) Sadler, P. J. Adv. Inorg. Chem1991,
36, 1. (d) Rapson, W. S.; Groenewald, &old Usage Academic
Press: London, 1978. (e) Brown, D. H.; Smith, W. Ehem. Soc.
Rev. 198Q 9, 217. (f) Dash, K. C.; Schmidbaur, H. Metal lons in
Biological SystemsSigel, H., Ed.; Marcel Dekker: New York, 1982;
Vol. 14, p 179. (g) Sutton, B. MGold Bull. 1986 19, 15. (h) Hempel,
J.; Mikuriya, Y.; Shaw, C. F., lll IBioinorganic Chemistry of Gold
Coordination Compounds, Proceedings of a Sympasutton, B.
M., Ed.; Smith Kline & French Laboratories: Philadelphia, 1983; pp
37, 97.

© 1996 American Chemical Society



Tetraaurioe,,w-bis(sulfonium) Salts

Most of the previous studies have been limited to derivatives
of H,S [or (Me;Si),S] and of monofunctional thiols RSH, except
for some recent investigations which also included dithiocat-
echol, dithioglycol, and dithioglycerol (BALY® We have
therefore initiated a more systematic study of polynuclear gold-
(I) complexes ofa,w-alkanediyldithiols HS(CH),SH with n
=3, 4, and 5 and of di- and trithioglycerols. It was anticipated
that the corresponding terminally bifurcated disulfonium salts
would show interesting aggregation to give either strong
intramolecular Au-Au interactions or supramolecular structures
based onintermolecular Au-Au contacts between the geminal
SAW, units.

Regarding the preparation of the poly(aurio)sulfonium salts,
the established literature method using tris[(phosphine)aurio]-
oxonium salts [(BP)Aul;O*BF,;~ appeared to be the most
convenient technigue for the auration of thiols. (Phosphine)-
gold tetrafluoroborates [(f®)Au]"BF,~ are more powerful
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129.45 [d,J = 11.0, Gyedd, 131.9 [d,J = 2.8, G, 1323.7 [d,J =
13.8, Gungd. H NMR (CDCl;, 25°C): 1.85 [m, 4H, HC], 3.0 [m,
4H, CHC], 7.30-7.50 [m, 60H, k). Anal. Calcd (Found) for &Heg-
AusB,FgPsS, (M; = 2130.88): C, 42.84 (43.01); H, 3.22 (3.20); Au,
36.97 (37.51).
(n-Pentane-1,5-dithiolato)tetrakis|(triphenylphosphine)gold(l)] Bis-
(tetrafluoroborate) (3). A solution of the oxonium salt (above, 0.29
g, 0.20 mmol) and NaBF0.1 g, 0.91 mmol) in CECl, (10 mL) is
treated with 1,5-pentanedithiol (0.02 mL, 0.15 mmol) at room tem-
perature with stirring. Afte 1 h abrown precipitate is removed by
filtration and the filtrate layered with diethyl ether (30 mL)-at8°C.
After 12 h colorless crystals are isolated (0.15 g, 45% yield), mp 179
°C (dec). MS (FD, CKClp): m/z = 985.9 [M*/2, 100%)]. {*H} 3P
NMR (CDCl;, 25°C): 6 = 37.3 [s]. {*H} 3C NMR (CDCk, 25°C):
0 =27.2[s, CHCCS], 32.3 [s, CKCS], 36.0 [s,CHS], 127.5 [d,Jp.c
= 60.7 Hz, Gpsd, 129.8 [d,J = 11.0, Gued, 132.6 [s, G, 133.9 [d,J
= 12.9, Gund- *H NMR (CDCls, 25 °C): 1.66 [m, 2H, CHCCS],
1.87 [m, 4H, CHCS], 3.37 [m, 4H, CHS], 7.41-7.51 [m, 60H, hb).
Anal. Calcd (Found) for @H70AU4BFsPsS, (M, = 2144.91): C, 43.12

aurating agents, which can even lead to hypercoordination of (42.78); H, 3.29 (3.28); Au, 36.73 (37.10).

sulfur? This was not within the scope of the present study,

(3-Hydroxypropane-1,2-dithiolato)tetrakis[(triphenylphosphine)-

however, because the excessively aurated products are expectegbld(l)] Bis(tetrafluoroborate) (4). A solution of the oxonium salt

to be of a more limited stability and hence less suitable as
sources for gold in or from solution under standard conditions.

Experimental Section

General Information. The experiments were carried out routinely

under an atmosphere of dry and pure nitrogen. Glassware and solventslichloromethane.

were dried and filled/saturated with nitrogen. NMR: Jeol GX 400

(above, 0.49 g, 0.33 mmol) and NaBK0.10 g, 0.91 mmol) in
dichloromethane (10 mL) is treated with racemic 2,3-dithioglycerol
(0.025 g, 0.25 mmol) at ambient temperature with stirring. After 75
min the reaction mixture is filtered and the solvent is removed from
the filtrate. The residue is treated with ethanol and filtered, the filtrate
again brought to dryness in a vacuum, and the filtrate redissolved in
This solution is layered with diethyl ether to
crystallize the product as colorless needles (0.12 g, 23% yield), mp

spectrometer; deuterated solvents with the usual standards. MS: Varianl65°C (dec). MS (FAB):m/z= 1498.9 { M—AuPPh}*, 15%)], 979.0

MAT 311A instrument (FAB,p-nitrobenzyl alcohol, or FD, dichlo-
romethane solvent). The thiols were commercially available, except
for trithioglycerol® [(PhsP)Aul;O"BF,~ was prepared following the
literature proceduré&:
(Propane-1,3-dithiolato)tris[(triphenylphosphine)gold(l)] Tet-
rafluoroborate (1). A solution of [(PRP)Aul;O"BF,~ (0.30 g, 0.20
mmol) in dichloromethane (10 mL) is treated with 1,3-propanedithiol
(0.02 mL, 0.20 mmol) at ambient temperature with stirring. After 1 h
a gray-white flaky precipitate is filtered off and the solvent is evaporated
from the filtrate in a vacuum to leave a white powder (0.24 g, 75%
yield). The product could not be crystallized. M8vz= 1483.3 [M',
17%)], 721 [ (PhsP)AuU} T, 100%)]. {*H} 3P NMR (CDCE, 25°C): &
= 38.2[s]. {H} °C NMR (CDCk, 25°C): 6 = 29.3 [s, CHS], 46.0
[s, CH,C], 129.0 [d,Jp.c = 54.2 Hz, Gpsd, 129.4 [d,J = 11.0, Gredd,
132.0 [d,J = 2.8, Gard, 133.8 [d,J = 13.8, Grind. *H NMR (CDCls,
25°C): 2.13 [m, 2H, CHC], 3.14 [m, 4H, CHS], 7.31+7.50 [m, 45
H, Hp. Anal. Calcd (Found) for @HsiAusBFiP:S, (M, =
1570.80): C, 43.58 (43.77); H, 3.27 (3.28); Au, 37.62 (37.00).
(n-Butane-1,4-dithiolato)tetrakis|(triphenylphosphine)gold(l)] Bis-
(tetrafluoroborate) (2). A solution of the oxonium salt (above, 0.50
g, 0.34 mmol) in CHCI, (10 mL) is treated with NaB/~0.10 g, 0.91
mmol) and then with 1,4-butanedithiol (0.03 mL, 0.26 mmol) at ambient
temperature with stirring. After 30 min a white flaky precipitate is
removed by filtration and the filtrate layered &20 °C with diethyl
ether (20 mL). After 15 h clear colorless crystals are obtained (0.27
d, 49% vyield), mp 165C (dec). MS (FD, CHCI;): m/z = 1955.3
[(M — 1)*, 3.4%], 1408.2 {(PhsP)Au}sS*, 100%]. MS (FAB): m/z
= 2043.4 [M + BF,}*, 10.5%)], 720.4{(PhsP)Au} *, 100%)]. {*H}
3P NMR (CDCB, 25°C): 6 = 39.5 [s]. {*H} **C NMR (CDCk, 25
°C): 30.6 [s, CHS], 35.9 [s, CHC], 129.4 [d,Jp.c = 51.5 Hz, Gysd,

(9) (a) Nakamoto, M.; Koijman, H.; Paul, M.; Hiller, W.; Schmidbaur,

H. Z. Anorg. Allg. Chem1993 619, 1341. (b) Davila, R. M.; Elduque,
A.; Grant, T.; Staples, R. J.; Fackler Jun, Jiridrg. Chem1993 32,
1749. (c) Nakamoto, M.; Schier, A.; Schmidbaur, H.Chem. Soc.,
Dalton Trans.1993 1347. (d) ConceptimGimeno, M.; Jones, P. G.;
Laguna, A.; Terroba, Rnorg. Chem1994 33, 3932. (e) Sladek, A.;
Schmidbaur, HChem. Ber1995 128 907. (f) Yip, H. K.; Schier,
A.; Riede, J.; Schmidbaur, H. Chem. SocDalton Trans.1994 2333.

(10) Wragg, R. TJ. Chem. Soc (C}969 2087.

(11) Nesmeyanov, A. N.; Perevalova, E. G.; Struchkov, Y. T.; Antipin,
M. Y.; Grandberg, K. |.; Dyadchenko, V. B. Organomet. Chem.
198Q 201, 343.

[M2t, 1.3%)], 720.9 {(PhP)Au}*, 100%)]. {*H} 3P NMR (CDCk,
25°C): 6 = 34.6 [s];—30°C, 34.0 [s],—60°C: 33.6 [s]. {*H} *°C
NMR (CDCls, 25°C): 6 = 37.4[s, CHS], 56.7 [s, CH], 67.7 [s, CH
OH], 127.6 [d,Jp.c = 59.8 Hz, Gysd, 129.7 [d,J = 11.9, Gred, 130.1
[s, Gard, 133.8 [d,J = 13.8, Grind- H NMR (CDCls, 25°C): 6 =
1.77 [s, 1H, OH], 3.79-3.95 [m, 5H, CHI/CH], 7.20-7.71 [m, 60H,
Hpr]. Anal. Calcd (Found) for @HesAusB2FsOPsS, (M, = 2132.86):
C, 42.24 (41.84); H, 3.12 (3.14); Au, 36.94 (37.44).

(3-Hydroxypropane-1,2-dithiolato)tris[(triphenylphosphine)gold-
()] Tetrafluoroborate (5). A solution of the oxonium salt (above,
0.44 g, 0.33 mmol) in CkCl; (10 mL) is treated with racemic 2,3-
dithioglycerol (0.03 mL, 0.33 mmol) at ambient temperature with
stirring. After 60 min the reaction mixture is layered with diethyl ether
(40 mL). A precipitate is formed, which is filtered off after 12 h and
taken up in ethanol. The solution is filtered and the filtrate brought to
dryness in a vacuum to leave a white solid (0.20 g, 43% vyield). The
product could not be crystallized. MS (FABWz = 1498.2 [Mf,
20%)], 1408.3 {S(AuPPh)3}*, 100%)]. {*H} 3P NMR (CDC}, 25
°C): 6 = 35.7 [s]; =55 °C, 34.7 [s]. {*H}**C NMR (CDCk, 25 °C):
0 = 40.1 [s, CHS], 57.0 [s, CH], 68.1 [s, ChD], 128.8 [d,Jpc =
57.3 Hz, Gusd, 129.3 [d,J = 11.9, Gyed, 131.9 [s, Gad, 133.8 [d,J
=13.7, Grnd- H NMR (CDCl;, 25°C): 6 =1.85[s, 1H, OH], 3.96
4.10 [m, 5H, CH/CH], 7.15-7.57 [m, 45H, H]. Anal. Calcd (Found)
for Cs/Hs1AUsBFOPsS, (M, = 1586.79): C, 43.15 (43.54); H, 3.24
(3.25); Au, 37.24 (38.40).

(Propane-1,2,3-trithiolato)tetrakis[(triphenylphosphine)gold(l)]
Tetrafluoroborate (6). A solution of the oxonium salt (above, 0.52
g, 0.35 mmol) in CHCI, (10 mL) is treated with trithioglycerol (0.030
mL, 0.26 mmol) at room temperature with stirring. Afté h the
reaction mixture is layered with diethyl ether (20 mL)-a¥8 °C. A
brown oil and yellow crystals are formed (12 h). The crystals are
separated by decantation (0.35 g, 65% yield), mp 4@&dec). MS
(FAB): miz=1973.5[M — 1}, 4.3%)], 458.8 {PhPAL} *, 100%].
{1H} 3P NMR (CDCE, 25°C): 6 = 35.6 [s]. {H} 13C NMR (CDCl,
25°C): 6 = 37.1 [s, CH], 59.6 [s, CH], 129.1 [dJpc = 11.0 Hz,
Ched, 129.7 [s,J = 55.2, Gysd, 132.6 [s, Gard, 133.8 [d,J = 13.8,
Corthd- *H NMR (CDCl;, 25°C): ¢ = 3.66 [m, 4H, CH], 3.74 [m,
1H, CH], 7.177.38 [m, 60H, H¢]. Anal. Calcd (Found) for &Hes-
AuBF/PsS; (M, = 2061.11): C, 43.71 (44.07); H, 3.18 (3.19); Au,
38.23 (37.72).

Crystal Structure Determinations. Suitable crystals of compounds
3, 4, and6 were sealed under argon at dry ice temperature into glass
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Table 1. Crystallographic Data for Compoun@®s 4:CH.Cl,, and 6:CH,Cl,:(CHs;CH,).O

3 4-CH.Cl, 6-CH,Cl2*(CHsCH,).0O
empirical formula G7H70AU4BFgP4S, C7sHesAU4BoFsOPS,* CHLCl, C75H65AU4BF4P4$3'CH20|2‘(CH3CH2)2O
formula weight 2144.81 2217.69 2220.05
crystal system triclinic triclinic triclinic
space group (No.) P1(2) P1(2) P1(2)

a[A] 12.869(2) 13.420(1) 10.934(1)

b [A] 14.365(2) 14.558(2) 18.502(2)
c[A] 22.559(3) 20.857(3) 20.393(3)

a [deg] 78.99(1) 108.55(1) 77.40(1)

p [deg] 89.24(1) 94.78(1) 79.07(2)

y [deg] 64.81(1) 96.14(1) 83.75(1)
VA3 3693.40 3811.05 3943.31
peac[g cmI 1.942 1.933 1.870

z 2 2 2

w(Mo Ka) [cm™] 81.80 79.50 77.00

T[°C] —68 —68 —62

radiation Mo Ko Mo Ko Mo Ko

scan w 6—0 6—0

hkl range +15H417H26 +16/+£17H25 +13H22H+25
measured reflections 12 848 14 856 14 656
unique reflections 11 082 12 810 13104
observed reflections 8581 9902 10781
Fo= 4o(Fo) 40(Fo) 40(Fo)

refined parameters 651 679 713

Re 0.0560 0.0539 0.0400

R’ 0.0704 0.0583 0.0418
oin(max/min) [e A3 +1.83+2.35 +2.16/2.03 +1.70~1.30
abs corr empirical empirical empirical
Tonin Tmax 0.2050/0.9998 0.5399/0.9994 0.5226/0.9994
weighting schentfe | = 1.0000k = 0.001147 unit weights | = 1.0000k = 0.000238

AR = 3 ||Fo| = Fell/ZIFol. * Ry = [IW(|Fo| — Fe)ZXWFeZM2 cw = 1/0%(Fo) + kR

capillaries and examined directly on the diffractometer. Data were homologue 3, below).

corrected for Lorentz, polarization, and absorption effects. Structures

were solved by direct methods and refined by full-matrix least-squares HS(CH,) ,SH + [(Ph3P)Au]3O+BF4_ —

calculations. The thermal motion was treated anisotropically for all 2+ -
non-hydrogen atoms, except for seven phenyl carbon atoms of HO + {[(PhBP)Au]Z[S(CHZMS][AU(PPQ)]z} (BF, ), (2
compound3 and except for the disordered @BH group of compound (2
4. All calculated hydrogen atoms were treated isotropically. More
detailed information on solution and refinement procedures is given in
the Supporting Information, as are the atomic coordinates.

Pentane-1,5-dithiogave the analogous tetranuclear derivative
(3) in moderate yield (eq 2), which showed physical and
spectroscopic properties very similar to those of compad2ind
Single crystals were readily obtained, which were shown to be
Results and Discussion triclinic, space grougl (No. 2, Int. Tables) with two formula
units in the unit cell (Table 1). The lattice is composed of
The reaction opropane-1,3-dithioith equivalent amounts  isolated independent tetrafluoroborate anions and chains of
of tris[(triphenylphosphine)aurioJoxonium tetrafluoroborate in ¢ations. In the individual units of these chains the five-
dichloromethane at room temperature leads, in high yield, to a Mémbered hydrocarbon m0|ety|_s unfolded, with a bifurcated
colorless microcrystalline precipitate, which was shown to be S(AUL) function at either end (1= PPh, Figure 1). _
the trinuclear comples formulated in eq 1. The product was The d|au_r|osulfqn|um groups are in close contact W.'th the
identified by elemental analysis, fast atom bombardment masscqrresppndlng units of r)elghbqung molecules in an inverse
spectrometry, and NMR spectroscopy (Experimental Section). orientation to form only slightly dlsto_rted squares of gold atoms
On the basis of these data, a structure is propose fohich around crystallographic centers of inversion (Figure 2). This

. - _auriophilicity-based pairing of bifurcated units is known from
resembles_thgt of the analogou_s products obtaln_ed from dlthloglyc the structural chemistry of diaurated monosulfonium salts but
erol and dithiocatechol. No single crystals suitable for diffrac-

. . ) is observed here for the first time farw-difunctional substrates.
tion studies could be obtained. Owing to the double fixation (two AtAu contacts at either

o -, end), the supramolecular structure2@ind3 are probably quite
HS(CH)sSH+ [(PhyP)AULO™BF, robust, with estimated enthalpies of aggregation of at least 15
H,0 + {[S(CH2)3S][AU(PPQ)]3}+BF4_ D @ kcal per pair of connecting unid. Note that this aggregation
occurs between cationic units (and thus against repulsive
Coulomb forces) and that the gold atoms become nearest
neighbors, and not gold and sulfur. These are common criteria
for auriophilicity phenomena.

Under similar reaction conditionbutane-1,4-dithiolvas con-
verted into a tetranuclear compl&x which was obtained in
moderate yield as colorless crystals upon layering of the
dichloromethane solutions with diethyl ether-af8 °C (eq 2).
The composition was confirmed by standard analytical tech- (12) (a) Dziwok, K.; Lachmann, J.; Wilkinson, D. L.; Mer, G. Chem.
niques, but none of the single crystals had the quality necessary Effmllﬁ%?’ g?ac r?ezr?{. ébgrlsgg‘én'ldzbza‘égs'ﬂ-(L:)DSZ'Cm’%'ﬁagéh ?ﬁh”éfgp
for a structure determination. The structure proposed tentatively  \y'- \iller, G. Angew.Che1988 100, 439;Angew. Chem., Int. Ed.

for this product is based on the findings for the pentane Engl. 1988 27, 416.




Tetraaurioe,,w-bis(sulfonium) Salts

Figure 1. Structure of the dication in the crystal ¢f(PhsP)Aulx-
S(CH,)sS[Au(PPh)]2} 2" (BF4 )2 3 (ORTEP, except for phenyl carbon
atoms; hydrogen atoms omitted for clarity). Selected distances [A] and
angles [deg]: AutAu2, 3.224(1); Aut-S1, 2.330(3); AutP1, 2.267-

(3); Au2—S1, 2.314(5); AuzP2, 2.259(5); Au3-Au4, 3.071(1); Au3-

S2, 2.331(3); Au3-P3, 2.261(4); Au4S2, 2.328(5); Au4-P4, 2.252-

(7); Aul-S1-Au2, 87.9(1); Aut-S1-C1, 109.9(5); Auz-S1-C1,
105.4(7); P+Aul—S1, 176.0(2); P2Au2—-S1, 177.0(1); Au3S2—

Au4, 82.5(1); Au3-S2—-C5, 107.4(5); Au4S2-C5, 106.2(8); P3
Au3—-S2, 179.1(2); P4Au4—S2, 178.0(2).

Figure 2. Part of a chain of [(PhsP)Au].S(CH,)sS[AU(PPh)]2} 2"
dications in the lattice 08 (ORTEP, carbon atoms and hydrogen atoms
omitted for clarity). Selected distances [A] and angles [deg]: Aul
Au2a, 3.225(1); Au3-Auda, 3.349(1); Auz2Aul—Au2a, 86.5(1);
Aud—Au3—Auda, 90.7(1).

Racemicl,2-dithioglyceroklso affords a tetranuclear auration
product4 (eq 3), which could be isolated as colorless single
crystals of limited stability in low yield. The X-ray diffraction
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Figure 3. A pair of dications{ HOCH,HCS[(PhP)Aul,CH,S[Au-
(PPh)]2} %" in the tetrafluoroborate saft (ORTEP, except for phenyl
carbon atoms and the GBH group; hydrogen atoms omitted for
clarity). Selected distances [A] and angles [deg]: A#Li2, 3.101-
(1); Aul—S1, 2.357(3); AutP1, 2.275(4); Au2S1, 2.331(4); Auz
P2, 2.261(5); Au3-Au4, 3.040(1); Au3-S2, 2.331(4); Au3P3,
2.254(4); Au4-S2, 2.316(4); Au&P4, 2.241(5); AutAu2a, 3.287-
(1); Aul-S1-Au2, 82.8(1); Aut-S1-C01, 104.6(5); Au2S1-CO01,
105.6(6); P+Aul—S1, 172.8(2); P2Au2—S1, 175.8(1); Au3S2—
Au4, 81.7(1); Au3-S2—-C02, 108.0(6), Au4S2—C02 110.0(6), P3
Au3—S2 174.5(1), P4Au4—S2 170.1(2); Au2Aul—Au2a, 87.8(1).

Figure 4. Structure of the cation in the crystal ¢f(PhsP)Au]S-

analysis revealed a structure in which the dications are associatedtH,CHS[Au(PPR)]CH,S[Au(PPh)].} *BFs~ 6 (ORTEP, except for

only into dimers (Figure 3). The terminal bifurcated S(ApL)
units form centrosymmetrical tetranuclear units, while those at
the central carbon atom of the glycerol are not engaged in
intermolecular contacts. Such contacts are probably prevente
by the neighboring CHOH group, the position of which is
disordered in the crystal.

HOCH,(CHSH)CHSH + [(Ph;P)AuL,0"BF,” — H,0 +
{HOCH,HCS[(PhP)AULCH,S[AU(PPR)]} *' (BF, ), (4)
@)

With a different stoichiometry of the reagents,tranuclear
complex of racemic 1,2-dithioglycerol can also be obtaired (
eqg 4). The product has been identified by standard analytical
and spectroscopic data, but it could not be crystallized.
Variable-temperaturé!P NMR spectra showed that the com-
pound is fluxional in solution referring to a rapid site exchange

phenyl carbon atoms; hydrogen atoms omitted for clarity). Selected
distances [A] and angles [deg]: AtAu2, 3.201(1); Au2-Au3, 3.227-
(1); Au3—Au4, 3.178(1); Aut-S1, 2.296(3); AuzS1, 2.597(2); Auz

52 2.399(2); Au3S2, 2.328(2); Au4 S3, 2.285(2); AutP1, 2.247-

(3); Au2—P2, 2.248(2); Au3-P3, 2.255(2); Au4 P4, 2.254(2); Aut

S1-Au2, 81.5(1); Aut-S1-C1, 103.0(3); AuzS1-C1, 97.1(3);
Au2—S2-C2, 103.8(3); P+ Aul—S1, 175.5(1); P2Au2—S1, 123.7-
(1); P2-Au2—S2, 149.1(1); Auz2S2—-Au3, 86.1(1); Au3-S2-C2,

102.7(3); P3-Au3—S2, 169.3(1); Au4S3—-C3, 101.7(3); PA4Au4—

S3, 176.8(1).

—55°C, where a single sharp resonance is obtained. The ground
state structure is assumed to be similar to that of the trinuclear
dithioglycol complex B, below).

HOCH,(CHSH)CHSH + [(Ph,P)Aul,O BF,” —
H,0 + {[HOCH,(CHS)CHS][Au(PPh)]} "BF,” (5) (4)

Trithioglycerolforms a tetranuclear complex in good yielj (

of the gold phosphine units at the sulfur centers. This processeq 5) with a distinctly unsymmetrical distribution of the four

appears to be rapid on the NMR time scale in solution even at

metal atoms over the three thiolate donor centers, as determined
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by X-ray diffraction (Figure 4). Note that a symmetrical
structure A) is possible for this cation (with a mirror plane or
a 2-fold axis), but this is not what is found in the lattice of the
tetrafluoroborate salt. However, the structure is reminiscent of
the configuration described for the trinuclear dithioglycol
complex 8).

T. [—XT‘
S S S S S
/NS NN /N /N
Au Au Au Au Au Au Au
L L L L L L L
A B

HSCH,(CHSH)CH,SH + [(Ph,P)Aul,0 BF,” —
H,O + {[SCH,(CHS)CH,S][Au(PPh)],} "BF,” (6) (5)

As shown by variable-temperature NMR spectroscopy, the
structure of5 is not rigid in solution (dichloromethane), but

has to be taken as fluxional. The rapid site exchange of the
AuL units leads to pseudosymmetry on the NMR time scale at

ambient temperature, rendering all phosphine units equivalent.

The two glycerol CH groups are also found to be pseu-
doequivalent under these conditions.

Sladek and Schmidbaur

Conclusions. The present study has shown that polythiol
molecules can readily be converted into polynuclear [(phos-
phine)aurio]sulfonium salts with mono- or diaurated sulfur
centers. The distribution of the gold atoms can be symmetrical
and/or asymmetrical, and in solution a rapid site exchange can
lead to a redistribution of the metal atoms over the sulfur donor
sites. The ground state structures, as determined by crystal
structure analysis, feature distinct intramolecular gadld
contacts at the diaurated sulfonium centers or between SfAuL)
and S(AuL) units. In sterically favorable cases two of the
bifurcated terminal S(Aulg) units can aggregate through double
Au—Au contacts to form novel auriophilicity-determined su-
pramolecular systems, as first detected here for comp&und
There is reason to believe that other classes of polynuclear gold-
(I) complexes will give rise to similar phenomena.
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