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Introduction

The chemistry of the mixed metasulfur complexes prepared
from tetrathiometalates M& (M = Mo, W) has been
extensively explored because of the potential utility of the anion
MoS,2~ in imitation of biological systems, apart from their
catalytic applications for hydrodesulfurization and hydrodeni-
trogenation processési® However, VS3-, although first
prepared in 1898 has been studied only since vanadium

[VS4(AuPRy)s] (PRs = PPh (1), PPhMe (2), PE (3), PMes
(4), P(mTol)s (5), P(-Tol)s (6)) can be isolated. Complexes
1-6 are dark red solids stable to air and moisture, and they are
nonconductors in acetone solutions. Their IR spectra show two
absorptions around 440 (s) and 470 (s) éwhich are typical
values forv(V—S) vibrations. The IR spectrum (KBr) of the
starting material (NB)3VS, presents only one absorption at
478 cntL; similarly complexes of the type [Vi8CuL)4 ™ show

one strong absorption around 465¢m° However, with lower
symmetry more absorptions app&&a® Thev(Au—S) absorp-
tions appear around 350 (w) chbut in some of the complexes
are very weak.

The 31P{1H} NMR spectra of complexe% and 2 present
broad resonances at room temperature, whe&eéshow sharp
singlets. At low temperature all show sharp singlets, which
corresponds to a unique phosphorus environment. In the
positive liquid secondary ion mass spectra (LSIMS) of com-
plexes1—6 the molecular peaks [M]appear aim/z = 1558
(1, 22%), 1372 2, 16%), 1125 B, 28%), 999 4, 10%), 1683
(5, 6%), and 1683 §, 26%). The association peaks [M

nitrogenase was discovered. This molecule is also of interestAUPRs]* are also present, and in most of the spectra the most

to inorganic chemists since the coordination chemistry offVS
is still very poorly represented; until now, only some i¥&ri*
and coppe®—2° complexes have been prepared.

intense peak corresponds to the fragment [S(A)HBR
Crystals of suitable quality for X-ray diffraction could not
be grown. Structures may be deduced from the phosphorus

Here we report on the synthesis and structural characterizationchemical shift, which is characteristic of a three-coordinate gold-

of the first heterobimetallic gold(l) complexes with the tetrathio-
vanadate anion. The crystal structure of j/SUPPh){ Au-
(PPhy),}] is described and is shown to be isostructural with the
related copper derivative.

Results and Discussion

The reaction of (Nk)3VS; with [AuCI(PRg)] in dichlo-
romethane gives a dark red solution from which the complexes
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() center bonded to one phosphorus and two sulfur atoms. Thus
the chemical shift is comparable to that of complexes with the
same phosphine ligand such as [NSIPR),]2124 or NBug-
[Au(dmit)(PRs)]2® (dmit = 2-thioxo-1,3-dithiole-4,5-dithiolate).

For this reason we propose the gold atoms to have a trigonal
planar geometry. Two structures containing such a feature are
possible 1A or 1B (see Figure 1).

The NMR data suggests structure 1B because in 1A not all
of the fragments AuPR are equivalent and they should give
two NMR signals with relative intensity 2:1. However, a clear
assignment of the structure to 1B cannot be made because the
apparent equivalence of all of the phosphorus atoms id'fhe
{™H} NMR spectra may arise at a rapid exchange among all
AUPR;" sites even at low temperature, or because the chemical
shifts of both phosphorus environments are so similar that they
cannot be distinguished with a 300 MHz NMR spectrophotom-
eter.

The cationic gold complex [Au(PRR](TfO) also reacts with
(NHg4)3[VS4] in dichloromethane, giving a dark red solution from
which the compound [V&AUPPh){ Au(PPh),}] (7) can be
isolated. The analytical data revealed tidias an extra PRBh
which is bonded to one of the gold atoms, which consequently
presents a tetrahedral geometry. According to this, complex
can also be prepared by reactionlofvith triphenylphosphine
in a 1:1 molar ratio.
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Table 1. Selected Bond Lengths (A) and Angles (deg) Tr

Au(1)—P(1) 2.268(3) Au(1)S(1) 2.374(3)
Au(1)-S(2) 2.489(3) Au(LyV 2.8405(7)
Au(2)—P(2) 2.358(3) Au(2)S(1) 2.579(3)
Au(2)-V 3.034(3) V=-S(1) 2.257(3)
V-5(2) 2.142(3) P(1)C(11) 1.840(13)
P(1)-C(31) 1.837(12) P(2)C(51) 1.805(11)
P(1)-C(21) 1.845(11) P(2)C(41) 1.846(11)
P(2)-C(61) 1.818(13)

P()-Au(l)-S(1)  145.66(11) P(BAu(1)-S(2) 117.18(11)
S(1-Au(1)-S(2)  97.11(9) P(BAu(l)-V 164.00(9)
S(1)-Au(1)-V 50.33(8) S(2)}-Au(l)-V 46.82(8)
P2)-Au(2)-P(2)#1 121.8(2) P(dAu(2)-S(1)  101.10(10)
P)#1-Au(2)-S(1) 118.44(10) S(1)#1Au(2)-S(1) 93.10(13)

P(2)-Au(2)-V 119.09(8) = S(1yAu(2)-V 46.55(6)
S@#MEV-S(2)  109.3(2) SHV-SLH#L  112.1(2)
S(2)-V—S(1) 111.93(10) S(1)#AV—-Au(l)#1 54.06(7)
S(2-V-S(1)#1  105.85(12) S(2V—-Au(l) 57.92(8)
S(1)-V—-Au(l)#1  123.53(10) S(HV-Au(2) 56.04(9)
S(#1-V—Au(l) 124.53(10) V-S(1)-Au(1) 75.62(10)
S(1)-V—-Au(1) 54.06(7) Au(1}S(1)-Au(2) 111.33(13)
Au(1)#1-V—Au(l) 176.45(11) C(3BP(1)-Au(l) 111.8(3)
S(2)-V—-Au(2) 125.37(11) C(2HP(1-Au(l) 117.5(3)
S(L#-V—Au(2)  56.04(9) C(61¥P(2-Au(2) 117.1(3)
Au(1)-V—Au(2) 88.23(6)

V—S(1)-Au(2) 77.40(10)

V—S(2)-Au(1) 75.25(10)

C(11-P(1-Au(l) 112.2(3)
C(51)-P(2)-Au(2) 108.8(4)
C(41)-P(2y-Au(2) 117.1(4)

a Symmetry transformations used to generate equivalent atoms: #1
XY, =2+ %,

Figure 2. The molecule of compleX in the crystal showing the atom-  vanadium-gold interaction. This value is only slightly higher
numbering scheme; radii are arbitrary. H atoms are omitted for clarity. than those found in complexes such as [V(6{@)PPh)3],2°

in which the Au-V distances range from 2.709 to 2.75 A, or

In the IR spectrum of four »(V—S) stretching modes are  [V(CO)s(AuPPh)] (2.68 A) 27 where a metatmetal interaction
manifested at 471 (m), 443 (m), 428 (m), and 416 (m)y§m  is proposed.
indicating that the irregular atomic arrangement on the periphery  Complex7 contains an essentially tetrahedral Mt with
of the cluster results in a significant lowering of the symmetry S—\—S angles ranging from 105.85(22p 112.1(2}. The
of the VS, unit. In the3'P{*H} NMR spectrum a broad signal  three gold and vanadium atoms are coplanar. The independent
appears at room temperature around 33 ppm.—85 °C the V—S bond lengths are very dissimilar, 2.142(3) and 2.257(3)
signal shifts to 42.5 ppm, although is still broad, indicating the A: the shorter is very close to that found in ¥S (2.154 A)
existence of rapid equilibrium in solution rendering the phos- and corresponds to the doubly bridging sulfur atoms.

phines equivalent . , The angles around the trigonal gold atoms are 145.66(11)
The molecular peak does not appear in the L&N@ectrum 97.11(9%, and 117.18(1F) the main distortion arises at the
of 7. The most significant peaks are [WBuPPh)s] ™ at nvz narrow bite angle of the tetrathiovanadate ligand. The geometry

= 1558, [V%(AuPPQ)4]+ atmz = 2016, and the fragment ¢ the other gold center is also distorted mainly because of the
[S(AuPPh)s] " atm/z= 1410. However, the molecular weight g1} Ay(2)—S(1a) angle of 93.10(13) These bite angles are
of 7in CHC; (1795.6) confirms the proposed stoichiometry. narrower than those found in the copper derivative (101.3(3)
The structure of compleX has been established by X-ray  and 106.0(2) or in the complex [MoS(AuAsPh);] (100.00-
diffraction studies. Single crystals were obtained by slow (9)° and 100.44(9).2! The Au-S distances for the trigonal
diffusion of n-hexane into a dichloromethane solution/ofrhe gold atoms are 2.489(3) and 2.374(3) A, which are also very
molecule is shown in Figure 2, and selected bond lengths andjissimilar, although they are of the same order as those in
angles are pr.owaed in Table 1. The structure is isostructural [MoSa(AuAsPh),] (2.379(3) and 2.402(3) A); for the tetrahedral
to one modification reips)orted for the copper complex IVS o center the independent AS distance is 2.559(3) A, which
(CuPPR),{ Cu(PPh);}].=> The molecule has 2-fold axis sym- s as expected, longer than the others but similar to those in
metry, and consequently only half of it corresponds to the iner four-coordinate complexes such as{tRP),C;B1cH1q} -
asymmetric unit. There are two different types of gold atoms: {(SPPh),CH,}] (2.485(2) and 2.661(2) A%
one type has tetrahedral geometry, being bonded to two As has been mentioned above, the mass spectra of the

Conststing of two gold atome, which are.equialent has a COPIEXes [VSIAUPR)S presen he fragment [UEAUPR)
g 9 ’ q ’ originated by addition of AUPR cations to the molecular peak.

trigonal planar geometry, each gold atom being bonded to one L . _
phosphorus and two sulfur atoms. The-Xu distances are Thus the cationic species, [MBUPRs)4|ClO4 (PRs = PP (8),

2.8405(7) and 3.034(3) A; these distances are longer than the

_ i i (26) Ellis, J. EJ. Am. Chem. S0d.981, 103 6106.
V—Cu distances in [VRCUPPR){ Cu(PPR)2}] (2.615(2) and 1528 So b o =8 i ¥ E T Organomet, Chemi972 36, 113,

2.760(8) A): as expected in c_hanging from_ a _third' to a first- (28) Crespo, 0.; Gimeno, M. C.: Jones, P. G.; Lagunalnarg. Chem.
row transition metal, but this probably indicates a weak 1994 33, 6128.
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Figure 3. Proposed structures (3A or 3B) for compleX@and9.

PPhMe (9)), have been prepared by reaction of [{SUPRs)3]
with [Au(OCIOs)(PRs)] in dichloromethane.

In the IR spectra the absorptions arising at the anion
perchlorate appear at 1100 (vs, br) and 620 (m)%rthe v-
(V—S) vibrations are present as a broad band at 450 (br, m)
and 460 (br, s) cm! for complexes8 and9, respectively. The
31p{1H} NMR spectra at room temperature show two broad
signals with similar intensities, which sharpens into two singlets
when the experiments are carried out&i5 °C. As the four
gold(phosphine) units are not equivalent, these complexes canno
have the same structure as the copper derivatives(Q¥6)]3,
in which the VS2~ anion symmetrically bridges four metallic
fragments. The chemical shift indicates that there are two
different types of gold atoms, without coupling between them;
two of them may have a trigonal planar geometry, and the other
two may be linear. Thus two structures are possible (Figure 3,
3A and 3B).

It is proposed that 3A is the most probable structure because
it is more similar to that of complex, although it is not possible
to discard structure 3B. In tHéd NMR spectrum of complex
9 a broad signal due to the methyl protons appears;5i°C
the signal splits into two doublets with equal intensity, which
agrees with the proposal of two different phosphine environ-
ments. Inthe LSIMS spectra of complexe®and9 the cation
molecular peaks appearmatz = 2016 (11%) and 1767 (12%),
respectively.

Experimental Section

Instrumentation. Infrared spectra were recorded in the range
4000-200 cnt? on a Perkin-Elmer 883 spectrophotometer using Nujol
mulls between polyethylene sheets. Conductivities were measured in
ca. 5x 107* mol dnr solutions with a Philips 9509 conductimeter.

C, H, and S analyses were carried out with a Perkin-Elmer 2400
microanalyzer. Mass spectra were recorded on a VG Autospec, with
the LSIMS technique, using nitrobenzyl alcohol as matrix. NMR

Notes
Table 2. Crystallographic Data for Complex
empirical formula GxHeoAUsPsSV Dc/g cni? 1.806
space group C2/c M 1819.16
alA 32.110(6) T/°C —100
b/A 13.087(2) MA 0.71073
c/A 20.620(3) w(Mo Ka)/em™ 69.56
pldeg 129.466(7) Re(F, F > 40(F)) 0.039
VIA3 6689(2) Ra? (F2, all refins) 0.081
z 4

AR(F) = JlIFol — |Fdll/ZIFol. "Ra(F?) = [3{wW(Fs? — FAH3/
Y{W(F?)Z}]%% wt = 0%(Fo?) + (aP)? + bP, whereP = [F? + 2F 7/
3 anda andb are constants adjusted by the program.

Evaporation of the solvent to ca. 5 mL and addition of hexane (15
mL) gave complexed—6 as red solids. Compleg: yield 77%.
(Found: C, 41.45; H, 2.52; S, 7.99. Calcd fog845AusPsS,V: C,
41.66; H, 2.91; S, 8.24.) IR spectrum (Nujol): 471 (s), 438 (sjtm
v(VS). *P{*H} NMR (CDCl; —55°C): 6 42.2 (s). Comple®: yield
73%. (Found: C, 34.17; H, 2.87; S, 9.36. Calcd fogHe-
AusPsSV: C, 34.04; H, 2.49; S, 8.96.) IR spectrum (Nujol): 474
(vs), 459 (vs) cm® »(VS); 352 (w) cnt! v(Au—S). 3P{H} NMR
(CDCl; =55 °C): ¢ 24.8 (s). *H NMR (CDCl; —55 °C): ¢ 2.28 (d,
9H, PMe,J(PH) 9.52 Hz). Comple8: yield 80%. (Found: C, 18.86;
H, 3.63; S, 11.52. Calcd for gHssAusPsSsV: C, 19.22; H, 4.03; S,
11.40.) IR spectrum (Nujol): 469 (vs), 443 (vs) chv(VS); 358 (w)
cmtv(Au—S). 3P{*H} NMR (CD,Cl, —80°C): 4 38.9 (s). *H NMR
(CD.Cly): 6 1.25 (m, 27H, PChCH3), 1.95 (m, 18H, PE,CHa).
Complex4: yield 75%. (Found: C, 10.83; H, 2.73; S, 12.85. Calcd
for CoHi1gAusPsSV: C, 10,75; H, 2.39; S, 12.59.) IR spectrum
(Nujol): 473 (vs), 443 (vs) cmt »(VS); 352 (w) cntt v(Au—S).
31P{1H} NMR (CD.Cl, —80°C): 6 —7.4 (s). *H NMR (CD.Cl,): 6
1.80 (d, 27H, PCH J(PH) 10.50 Hz). Complexs: vyield 89%.
(Found: C, 45.18; H, 4.21; S, 6.91. Calcd fogldssAusPsSV: C,
44.95; H, 3.77; S, 7.69.) IR spectrum (Nujol): 464 (vs), 439 (sh, m)
cm 1 »(VS). 3P{IH} NMR (CDCl; —55 °C): ¢ 43.0 (s). *H NMR
(CDCly): 6 2.16 (s, 27H, Me). Compleg&: yield 89%. (Found: C,
44.62;H,3.77; S, 7.69. Calcd foréissAusPsSV: C, 44.95; H, 3.77;

S, 7.69.) IR spectrum (Nujol): 466 (s), 439 (s) cm(VS). 3P{'H}
NMR (CDClz —55 °C): ¢ 40.3 (s). *H NMR (CDCh): 6 2.29 (s,
27H, Me).

[VS4(AuPPhs){ Au(PPhs)2}] (7). Method 1: To a dichloromethane
solution (20 mL) of [VS(AuPPh);] (0.1 mmol, 0.156 g) was added
PPh (0.1 mmol, 0.026 g), and the mixture was stirred for 1 h.
Concentration of the solution to ca. 5 mL and addition of diethyl ether
(15 mL) gave complex’ as a red solid. Method 2: To a dichlo-
romethane solution (20 mL) of [Au(PBKI(TfO) (0.3 mmol, 0.261 g)
was added (NkJsVSs (0.3 mmol, 0.070 g), and the suspension was
stired for 1 h. The solution was filtered over Celite and then
concentrated to ca. 5 mL. Addition of diethyl ether (15 mL) afforded
a red solid of complex7. Yield: 93% and 82%, respectively.
(Found: C, 47.58; H, 3.34; S, 6.97. Calcd fors0AusPsSsV: C,

spectra were recorded on a Varian Unity 300 spectrometer and a Bruker47 53; H, 3.32; S, 7.0.5.}'P{*H} NMR (CDCl; —55°C): 6 42.5 (s).

ARX 300 spectrometer in CDg(unless otherwise stated). Chemical
shifts are cited relative to SiM&'H, external) and 85% #PO, (3P,
external).

Materials. The starting material [Au(PBR]TfO was prepared from
[AuCI(PPh)]?° by reaction with [Ag(TfO)(PP#)] in dichloromethane
and [Au(OCIQ)PR;] from [AUCI(PRs)]?° and AgCIQ. (NH4)3VS, was
commercially available (Strem).

Safety Note CAUTION! Perchlorate salts of metal complexes with
organic ligands are potentially explosive. Only small amounts of

[VS4(AUPR3)4](ClO4) (PRs = PPhs (8), PPhMe (9)). To a
dichloromethane solution (20 mL) of [M&UPRs)3] (0.1 mmol, 0.156
g, PPh; 0.137 g, PP¥Me) was added [Au(OCI€g)(PRs)] (0.1 mmol;
PPh, 0.056 g; PPfMe, 0.049 g). The mixture was stirred for 10 min,
and then evaporation of the solvent to ca. 5 mL and addition of hexane
(15 mL) gave complexe8 and 9 as red solids. Comple: yield
87%. (Found: C, 40.40; H, 2.50; S, 5.98. Calcd fonHGEoAUs-
ClOPsS4V: C, 40.88; H, 2.86; S, 6.06.F*P{*H} NMR (CDCl; —55
°C): 0 41.7 (s), 32.7 (s). CompleXx yield 80%. (Found: C, 33.36;

material should be prepared, and these should be handled with greaH, 2.67; S, 6.37. Calcd for GHs,AUCIOP,SV: C, 33.45; H, 2.81;

caution.

Syntheses. [VHAUPR3)3] (PRs = PPhs (1), PPhhMe (2), PEt
(3), PMe; (4), P(Mm-Tol)s (5), P(p-Tol)s (6)). To a solution of [AuCI-
(PRy)] (0.3 mmol; 0.079 g, PRh0.06 g, PPMe; 0.036 g, PEt 0.023
g, PMe; 0.087 g, PfnTol)s; 0.087 g, Pg-Tol)s) in dichloromethane
(20 mL) was added (NEs;VS, (0.3 mmol, 0.070 g). The suspension
was stirred for 2 h, and then the solution was filtered over Celite.

(29) Usm, R.; Laguna, Alnorg. Synth.1982 21, 71.

S, 6.87.) 31P{1H} NMR (CDCl; —55 °C): ¢ 24.4 (s), 17.3 (s).1H
NMR (CDCl; —55°C): ¢ 1.94 (d, 6H, PMeJ(PH) 8.61 Hz), 2.30 (d,
6H, PMe,J(PH) 8.60 Hz).

Crystal Structure Determinations. The crystal was mounted in
inert oil on a glass fiber and transferred to the cold gas stream of a
Siemens P4 diffractometer equipped with an LT-2 low-temperature
attachment. Data were collected using monochromated Mo K
radiation ¢ = 0.710 73 A). Scan typef—26. Cell constants were
refined from setting angles of ca. 60 reflections in the rangd @
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25°. Absorption corrections were applied on the basislbkcans. Acknowledgment. We thank the Direcéio General de
The structure was solved by the heavy-atom method and refin€d on Investigacim Cienffica y Tecnica (No. PB97-1010-C02-01).
using the program SHELXL-9%. All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were included using a riding
model. Further details are given in Table 2.

Supporting Information Available: One X-ray crystallographic
file, in CIF format, for the structure determination of [MBuPPh).-
{Au(PPh),}] is available on the Internet only. Access information is
given on any current masthead page.
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