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Introduction

The molecular construction of extended structures from
discrete transition metal complexes has been the subject of
numerous studies in recent yearJypical convenient precur-
sors for extended heterobimetallic arrays are tetrathiometalates
[MS]2~ (M = Mo, W) and [Re$3]~, which may react with
various metal complexes, resulting in a wide variety of cluster
frameworks22 One such example is a series of polymeric
M/Ag/S systems. Miker et al. characterized the first polymeric
Mo/Ag/S cluster [PPi,[M0oSsAg]n, which was characterized
by resonance Raman spectroscép¥ne of us determined
interesting one-dimensional extended structures of the Mo(W)/
Ag/S compounds [RPYHIMS4Ag], (R = a-Me, y-Me; M =
Mo, W), which were synthesized by the reactions of [jj{H

[MS,4] with AgX (X = Br, I) in methyl-substituted pyriding?
Later the analogous polymers,{NMC(CH,OH)ze2DMF],[WSs-

Ag]n (single chain), [HNC(CH,OH)3zeH,0],[WS4AQ], (double
chain)®® [Ln(DMF)g]i[W4AgsSidln (Ln = Nd, La) (single
chain)2¢ and [Ca(DMSO)]2} [W4Ag4S14]n (single chainy were
reported.

On the other hand, we recently found an intriguing route to

an organometallic tris(sulfido) complex anion [RP(;°-Cs-

Mes)WS3], which was prepared in a large scale from the reaction

of [(#%-CsMes)WCl,] and Lix(SCH,CH,S) followed by cation
exchange with PRBr.6 Having noted that j{>-CsMes)WS;] ~
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Figure 1. Ladder-shaped one-dimensional structure g {sMes)WS;-
Ag2Br]n (1).

may serve as a potential building block for heterometallic sulfide
clusters, we have examined construction of new types of clusters
by treating [(>-CsMes)WS;]~ with Cu and Ad complexes.

We herein report the synthesis and characterization of a novel
polymeric cluster [5-CsMes)WS:Ag,BI], (1) and its reaction
with PPh to give [(75-CsMes)WS:Ag.Br(PPh);] (2).

Results and Discussion

When AgBr was added to an acetonitrile solution of
[PPh][(#°-CsMes)WS;] (molar ratio= 3:1), the red color of
the solution darkened immediately, and the mixture was stirred
for 5 min. After an insoluble residue was filtered off, diethyl
ether was layered onto the filtrate, from which dark red prismatic
crystals ofl were formed in 31% vyield.

The X-ray study revealed that compoufdpossesses an
unusual ladder-shaped one-dimensional structure. As shown
in Figure 1, it consists of {>-CsMes)WS;],Ag4 clusters linked
by two Br bridges. This unprecedented one-dimensional array
runs parallel to the crystallographs@xis. An asymmetric unit
of the crystal contains two halves of the;}{CsMes)WSs],-
Ag4Br, fragments, and adjacentf-CsMes)WS;],Ag, clusters
twist by 46.7. There is no short contact between the ladder-
shaped chains.

Figure 2 presents an ORTEP view of the repeating unit, with
the numbering scheme adopted. Selected bond distances and
angles are given in Table 1. The geometries of two crystallo-
graphically independentjf-CsMes)WS;],Ag4 clusters in the
chain are practically identical, and an inversion center resides
in the middle of each cluster core. Within the cluster, tw® (
CsMes)WS; moieties are interconnected by four Ag atoms in a
somewhat complicated way. The Ag(1) atom (or Ag(3)) bridges
two sulfurs of one#5-CsMes)WS; moiety, and it is also bound
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Figure 3. Molecular structure of jf>-CsMes)WS;Ag,Br(PPh)] (2),
with 50% thermal ellipsoids. Hydrogen atoms are omitted for clarity.

Table 1. Selected Bond Distances (&) and Angles (deg)for

Figure 2. ORTEP drawing of a repeating unit t&fwith 50% thermal

ellipsoids. Hydrogen atoms are omitted for clarity. W(1)—Ag(1) 3.021(1) W(1)-Ag(2) 2.967(2)

W(2)—Ag(3) 3.030(2) W(2-Ag(4) 3.000(2)
to a sulfur atom of the othew?-CsMes)WS; moiety, resulting Ag(1)-Ag(2) %-%16(2) Ag(3¥Ag(4) 22-%95(2)
in a distorted tetrahedral AgBr coordination geometry.. On vaggiggg 2:2%283 wgggg 43 2:2%223
the other hand, Ag(2) (or Ag(4)) assumes an approximately W(2)—S(5) 2.262(4) W(2)-S(6) 2.281(4)
trigonal planar geometry with two S atoms of gP-CsMes)- Ag(1)-Br(1) 2.674(2) Ag(2)-Br(2) 2.509(2)
WS; group and a Br bridge. Due to the different coordination 29(%):?(12) %-%%%(24) ﬁg(?gf(zl) 22-55'%%(31)
numbers of Ag atoms, their AgBr bond distances are different. Agglg—sgsg 2:53324; Agggsgzg 2:498243
The Ag(1)-Br(1) (or Ag(3)-Br(2)) length of 2.674(2) A (2.691- Ag(2)-S(3) 2.497(4) Ag(3)S(4) 2.583(4)
(2) A)is 0.17 A (0.19 A) substantially longer than that of Ag-  Ag(3)—S(5) 2.490(4) Ag(3}S(6) 2.496(4)
(2)—Br(2*) (or Ag(4)—Br(1*)), and the mean Ag(1)(Ag(3))S Ag(4)—S(5) 2.513(4) Ag(4)S(6) 2.529(4)

distance is also 0.02 A longer than the mean Ag(2)(Ag(®)) S(1)-W(1)-S(2) 109.8(1) S(BW(1)-S(@3) 103.8(2)
distance. The Ag(HAg(2*) and Ag(3)-Ag(4*) distances of S(2-W(1)—-S(3) 110.1(1) S(4YW(2)—S(5) 110.2(1)
2.916(2) and 2.895(2) A indicate the presence of weak interac- i(‘t)l—)wv(f()l—)ff)(z) 153-%%%) E%&V(vz()z_)gf)m) 1§g'205(;%%)
tions between the Ag atoms. They are shoEer than those |nW9(1)_S(1)_Ag(91) 78.1(1) Wg(lyS(Z)—Ag(gl) 78:6()
[(PPh)sAga(mt)y] (3.089(2)-3.110(1) A) (mt= 2-mercap- W(1)-S(2)-Ag(2) 77.0(1) W(1)}-S(3)-Ag(2) 76.8(1)
tothiazoline? and f Ag(2-MesSiCeHaS) ]2 (3.065(4)-3.320-  w(2)-S(4)-AgEB)  77.91) W(FSGAgE)  79.1(1)
(5) A)B and are close to the one in [Ag(HYCIO]2 (2.845(1) W(2)—S(5-Ag(4) 77.7(1) W(2)-S(6)-Ag(4) 77.0(1)
A) (tu = thiourea)®c Likewise, weak dative bonding may exist W(1)—-S(3-Ag(1*)  106.6(2) W(2)-S(6)-Ag(3*) 102.3(2)
between & Ag' and @ W', judging from the observed mean 2&)):29%;_2% 83283 gggﬁggg—gggg ggig;
W-—Ag length of 3.005(2) A, which is comparable to those 2} ol “oh 1188 s o Bo@h 118201
oo DS g (i MmO S o) meSe e o
5916/n \£- : -5 g(1)—S(3*)—Ag(2* . g *)—Ag(4* .
Mes)WS; fragment are inequivalent, and-¥8 distances vary  Ag(1)-Br(1)-Ag(4)  96.15(8) Ag(2)Br(2)—Ag(3) 94.93(8)
from 2.210(4) to 2.281(4) A. However they all fall in-between

the W—S single bond and WS double bond distances observed 1 20!€ 2. Selected Bond Distances (A) and Angles (deg)Zor

for [(175-CsMes)W(S)(SCHPh)] (2.328(4) Avs2.149(3) A) and W-Ag(1) 3.0505(5) W-Ag(2) 3.0461(5)
[(175-CsMes)W(S) SC(Phy=C(Ph)3]~ (2.326(2) A vs 2.186- PG Ao 370 W 225
A].8 Itis of interest to compare the repeating core geometr (_) 228(1) ) 20201
(2) Al pare the repeating g Y  Ag(1)-S(1) 2.640(2) Ag(1)S(2) 2.506(2)
of the [ (73-CsMes)WSs} 2Ag4Br7] unit in 1 with the geometry Ag(2)—-S(1) 2.582(1) Ag(25S(3) 2.562(2)
of the closely related cluster compounds [(MBg4(PPh)4] Ag(1)—Br 2.7098(9) Ag(2)-Br 2.7378(8)
(M = Mo, W)° The MySsAga skeleton of the latter clustersis ~ A9(1)~P(D) 2:399(2) A9(2yP(2) 2.407(2)
hexagonal prismatic, while in the former cluster unit two/% S(1L-W-S(2) 109.11(5) S(BHW-S(3) 107.75(5)
bonds, namely, Ag(£)S(1) and Ag(1*}-S(1*) (or Ag(4)-S(4) 2?1()1—);\\,\(/27)%8((23)) ?33?323((%1)) \SN_(lga%lA)f(?gZ) 32'3728((2))
and Ag(4*y-S(4*)), are broken. The difference may arise from S Ade) : g :
the steric hindrance occurring between adjaggrtsMes rings W=S(1)A9(2) 17.40(4) - W-S(2)-Ag(1) 80.07(%)

. . i W—S(3)-Ag(2) 79.09(4) Ag(1}¥S(1)-Ag(2)  73.30(4)
and bromides in the polymeric structure Dbf . Ag(1)-Br—Ag(2)  69.83(2) BrAg(1)-S(1) 104.78(4)

As one would expect, the polymeric compouhis insoluble Br—Ag(1)—S(2) 112.70(4) BrAg(2)—-S(3) 115.28(4)
in common organic solvents. However, when P®Rhs added Br—Ag(2)—S(1) 105.60(4)

to a CHCh suspension of (molar ratio= 3:1), 1was foundto i 8304 yield. Thus strong donor ligands such asfBtilitate
dissolve gradually. After a standard workup, an incomplete fragmentation of the polymeric structure bfinto its compo-
cubane cluster {>-CsMes)WS:AQ.Br(PPh),], 2, was isolated  pents.
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Each Ag atom is bound to two sulfides, one bromide, and Table 3. Crystallographic Data fot and2:CHCls

one PPh ligand, forming a distorted tetrahedral coordination
geometry. The mean AgBr (2.723(8) A) and Ag-S lengths
(2.572(2) A) are slightly longer than the corresponding distances
in 1. The mean W-Ag bond of 3.0483(5) A is slightly
elongated compared with (3.005(2) A) and §-MePyH}.-
[AgWS4]n (2.971(2) A)52 The Ag—Ag distance (3.1179(9) A)

is also 0.21 A longer than those In suggesting that there is
only weak interaction between the Ag atoms if any.

Experimental Section

General Information. All manipulations were carried out under
argon using standard Schlenk techniques. All solvents were predried
over activated molecular sieves and refluxed over the appropriate drying
agents under argon and collected by distillation. ,CBwas vacuum-
transferred from calcium hydride!H NMR spectrum for2 was
recorded on a Varian UNITYplus-500 spectrometer, and chemical shifts
were quoted i (ppm) relative to CHCI, in CD,Cl,. IR spectra were
recorded on a Perkin ElImer 2000FT-IR spectrophotometer using either
KBr pellets or Nujol mulls between Csl plates. The Y\is spectrum

for 2 was measured on Jasco V-560 spectrophotometer. C, H, and S

analyses were performed on a Leco-CHNS microanalyzer.

Synthesis of [§°>CsMes)WSzAg2Br], (1). AgBr (0.09 g, 0.48
mmol) was added to a red solution of [RRE;°-CsMes)WS;] (0.12 g,

0.16 mmol) in CHCN (20 mL). The color of solution turned to dark
red within seconds. The mixture was stirred for 5 min at room
temperature. The red insoluble residue was filtered off, and 0.035 g
(31%) of dark red prismatic crystals dfwere obtained by layering
diethyl ether (20 mL) onto the dark-red filtrate. Anal. Calcd for
CioH15AQ:Br&W: C, 16.89; H, 2.13; S, 13.53. Found: C, 16.74; H,
2.11; S, 13.17. IR (KBr pellets): 435 (my(W—S) cnT.

Synthesis of [§°>-CsMes)WS3Ag:Br(PPh3);] (2). PPh (0.055 g,
0.21 mmol) was added to a slurry f(0.05 g, 0.07 mmol) in CHGI
(20 mL). The resulting suspension was stirred ® h at room
temperature. After filtration, the solution was concentrated&o4
mL under reduced pressure, and@{4 mL) was added. Allowing
the solution to stand for 2 days resulted in formation of dark-red crystals
of 2eCHClI;, which were collected and washed with diethyl ether and
dried under vacuum. Yield: 0.079 g (83%). Anal. Calcd for
CueHasAQBrPSW: C, 44.72; H, 3.68; S, 7.78. Found: C, 44.83; H,
3.70; S, 7.43. IR (Nujol mull, Csl): 504 (s), 450 (m), 424 (w),
(W=S) cntl. UV—vis (CHCk) (Ama/nm (€ /M2 cm™)): 380 (8900).

H NMR (500 MHz, CBQCl,, 25°C): ¢ 7.40-7.60 (30H, m, PP¥);
2.14 (15H, sy5-CsMes).

X-ray Diffraction Crystallography. X-ray-quality crystals ofl
and2.CHCI; were obtained directly from the preparation as described
above. Diffraction data were collected on a Rigaku AFC7R diffrac-
tometer at ambient temperature by using graphite-monochromatized
Mo Ko radiation (0.710 79 A). A dark red single crystal bfwith
dimensions 0.1% 0.20 x 0.20 mm was mounted on the top of a glass
fiber, while a dark red single crystal 8CHCI; with dimensions 0.90
x 0.35x 0.20 mm was sealed in a capillary under argon. Cell constants
and an orientation matrix for data collection were obtained from least-

formula Q0H15Angr83W C47H46AngI’C|3P233W
fw 710.90 1354.86
cryst system monoclinic triclinic
space group P2;/a P1

a, 13.676(2) 15.958(3)
b, A 14.951(2) 16.373(7)
c, A 15.509(2) 10.17(1)
a, deg 102.10(7)
B, deg 92.570(9) 93.29(4)
y, deg 96.28(2)
Vv, A3 3168.1(6) 2574(3)
z 8 2

Deaica g-Ccm—2 2.981 1.748

u, cnrt 125.95 41.31
A(Mo Ka), A 0.710 69 0.710 69
R2 0.048 0.031

R.° 0.054 0.042
GOP 1.93 1.79

AR = J||Fol — IFdll/XIFol. ® Ry = {3W(|Fo| — [Fel)¥3w|Fo|2 Y2
CGOF = {IW(|Fo| — |Fe))¥(M — N)}*2 whereM = number of
reflections and\N = number of parameters.

The structure ofL was solved by direct methotisand expanded
using Fourier techniqués. All non-hydrogen atoms were refined
anisotropically, and hydrogen atoms were put at calculated positions
without refinement. The findR andR, factors were 0.048 and 0.054,
respectively, for 4828 unique reflections with> 3.00s(1). The
maximum and minimum residual peaks on the final difference Fourier
map are 2.24 anet2.53 e/&, respectively, which appear in the vicinity
of the W atoms.

The structure o2¢CHCI; was also solved by direct methdéand
expanded using Fourier techniquésAll non-hydrogen atoms were
refined anisotropically, and hydrogen atoms were placed at calculated
positions without refinement. Some carbon atoms from the phenyl
groups were refined with relatively higher anisotropic temperature
factors. The crystal contains one CHQolvent molecule in an
asymmetric unit, which was refined isotropically without including the
hydrogen atom. The finaR and R, factors were 0.031 and 0.042,
respectively, for 7743 unique reflections with> 3.00s5(1). The
maximum and minimum residual peaks on the final difference Fourier
map are 0.94 ane-0.72 e/, respectively.

Neutral atom scattering factors were taken from the Cromer and
Waber!® Crystallographic calculations were carried out with a teXsan
crystallographic software package of the Molecular Structure Corp.
(1985 and 1992). Crystallographic data ftrand 2eCHCI; are
summarized in Table 3.
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the two structures are available on the Internet only. Ordering and
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reflections in the range 29.7< 26 < 30.C° for 1 and 22.0 < 20 <
24.7 for 22CHCl;. The intensities of three representative reflections
monitored every 150 reflections showed no sign of significant decay.
An empirical absorption correction using the scan technique was
applied, which resulted in transmission factors ranging from 0.74 to
1.00 for 1 and from 0.41 to 1.00 foReCHCl;. The data were also
corrected for Lorentz and polarization effects.

(10) (a) Du, S. W.; Zhu, N. Y.; Chen, P. C.; Wu, X. Polyhedron1992
11, 2489. (b) Wu, J. H.; Zhu, N. Y.; Du, S. W.; Wu, X. T.; Lu, J. X.
Polyhedron1992 11, 1201.

IC970687X

(11) Sheldrick, G. M. IrCrystallographic Computing;3Sheldrick, G. M.,
Kruger, C., Goddard, R., Eds.; Oxford University Press: Oxford,
England, 1985; p 175.

(12) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; de
Gelder, R.; Israel, R.; Smits, J. M. NDIRDIF94: The DIRDIF-94
program system, Technical Report of the Crystallography Laboratory
University of Nijmegen: Nijmegen, The Netherlands, 1992.

(13) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, Kynoch Press: Birmingham, England, 1974; Vol. 4.



