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Introduction

Chalcocyanide cluster compounds of the early transition

metals have been studied intensively in the past few years. Thesg,

compounds crystallize with either molecular or polymeric

[ResTey(CN)15*® and a series of compounds based on the cluster
anions [ReQg(CN)g]*~ (Q =S, Se) and transition metal cations
(Mn2*, Cé?**, Ni?t, Fet, zm?t, Cd")6-21 have also been
synthesized. In these polymeric compounds all or some of the
CN~ ligands are bridging. Despite the variety of reported
structures, there are no known examples of chalcocyanide
complexes containing terminal or bridging chalcogenido ligands
or both.

A useful method for preparing chalcocyanide cluster com-
pounds is the reaction of metal chalcogenide or metal chalco-
halide complexes with molten KCN at high temperattitén
the process of developing a synthesis of rhenium chalcocyanide
cluster compounds, we have studied the reactions o} Re&®
ReSe with KCN at high temperatures. These reactions have
led to the formation of two new unusual chalcocyanide
compounds, {ResS;o(CN);] (1) and Ki[ResSa(CN),4] (2), that
contain bridging ligands, S (1) or Se?" (2), together with
terminal CN- ligands. We describe these results here.

Experimental Section

SynthesesKCN (99.7%), Re (99.997%), S (99.5%), and Se (99.9%)
ere obtained from commercial sources and used without further
purification. The starting compounds Reshd ReSgwere prepared

structures. Isolated chalcocyanide cluster anions, including from stoichiometric amounts of the elements in fused silica tubes at

[ResQg(CN)g]*~ (Q = S!~2 Sel® Tet9), [ReyQa(CN)g*™
(Q=S58Seb Te?), [M04S4«(CN)128 10 [M04Tey(CN)1 7,1t
[W4Tes(CN)12]8, 11 [NbsOTey(CN)12] 8,12 [Mo3Sey(CN)g] 5,13
[W3Se(CN)]>~, 13 and [Mo;Te (CN)g]2~,14 have been character-
ized structurally. The polymeric layered compound 4@H),]-
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700 °C for 3 days???2 Compounds K[ResS10(CN),] (1) and KijRes-
Seo(CN)4] (2) were prepared by the reaction of ReB8 ReSe with
molten KCN in a 1:2 molar ratio. The syntheses were carried out in
evacuated fused silica tubes at 8@ (1) and 650°C (2) for 2 days.

The tubes were cooled at 1®/h to promote crystal growth. The
reaction mixtures were washed with methanol. Appropriate red, air-
stable single crystals were manually isolated from the reaction mixtures
in low yield for 1 and 86% yield foR2 (based on Re). Semiquantitative
elemental analyses were made with the use of an energy-dispersive
spectrometry (EDS)-equipped Hitachi S-4500 scanning electron mi-
croscope: for K[ResS10(CN),] (1), K/RelS is 4.2:6:9.6; for {Res-
Se(CN)4] (2), K/IRe/Se is 4.5:6:10.7.

Crystallographic Studies. The structures of both compounds have
been determined by single-crystal X-ray diffraction methods. The unit
cell was obtained at 113 K from the setting angles of 25 reflections
that had been centered on a Picker diffractoni¢fer compoundl
and at 293 K from the setting angles of 15 reflections that had been
centered on Siemens P4 X-ray diffractometer for compao2inBoth
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Table 1. Crystallographic Data for {ResS10(CN),] (1) and
K4[ResSe(CN)] (2)

compound K[ResS1o(CN)2] K4ResSeo(CN),]
empirical formula GKaN2Re:S10 CiKsNsResSeo
fw 1646.24 2167.28
a A 11.183(11) 9.725(6)
b, A 9.198(9) 13.164(5)
c, A 10.028(9) 10.738(6)
B, (deg) 90 106.28(4)
v, A3 1032(2) 1319(1)
space group Pmna Ri/n
z 2 2
2, A 0.71073 0.71073
Peale g CNT3 5.300 5.455
u, et 368.7 418.4
temp, K 113(2) 293(2)
Ry(F)2 0.0522 0.0545
WR2(F2)° 0.100 0.114

*Ru(F) = Y (IFo| — [Fel)/3IFo|. "WR2([F’) = [F[W(Fe® — F)?/
SWRAYZ wt = 02(F?) + (0.047,9) for Fo? > 0; wt = 0%(F,?) for
F2 = 0.

instruments used Mo & radiation. Intensity data for both compounds
were processed and corrected for absorption by an analytical n&thod. Re @S ®C ON
The structures were solved by direct methods and refined with the useFigure 1. View of the [ReS,o(CN).]*~ layer along [010].
of the SHELXTL PCS%?7 crystallographic program package. All
atomswere refined anisotropically except for atom N(1)1lofThe
refinement of the K positions ifh presented some difficulties that were
not satisfactorily resolved. There are three independent K atoms in the
asymmetric unit. Refinement of the occupancies of K sites indicates
that the K(1) site is fully occupied, whereas the K(2) and K(3) sites
are half-occupied. Nevertheless, the displacement ellipsoids on these
K atoms remain large. Since this model of random occupancy of the

K(2) and K(3) sites leads to K(2)YK(3) interactions of 2.54 A, there @ Re
must be some additional order. No evidence of a supercell was found.

An alternative solution could not be found in the lower symmetry space o Se
group Pmr2;. Except for diminished precision, the structure of the e C
[ResS10(CN);]4~ anion is unaffected by these problems. Additional

experimental details are given in Table 1 and in Supporting Information. o N

Results and Discussion

Compoundl, KqResS;o(CN);] (=K 4{ [ResS]S* 4 CN)Z}), 28
consists of layers built from the [B8]2" cluster units linked
in two dimensions by four® ligands (Figure 1). The geometry
of the [ReSg]2* cluster unit, which has idealizedls, symme-
try,contains an Reoctahedron inscribed in arg $ube and is
close to that of several compounds reported previotisi§.32
The Re-Re distances range from 2.587(3) to 2.646(2) A; the
Re—S distances range from 2.369(6) to 2.425(6) A. Four Re
atoms have apical %S ligands that bridge between [R&]
cluster units in a ReS*2—Re fashion to form the layers. The
remaining two Re atoms are trans to one another and are ligated
by terminal CN ligands. The Re S*2 distances (2.387(4) Figure 2. View of a [ReSedCN)*" chain.
2.412(4) A) do not differ significantly from the ReS distances.
Re—C distances (2.05(3) A) are similar to those found in other related cluster>1€ The interlayer space is occupied by two
K* ions spread over three crystallographically distinct sites.
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Previously known chalcocyanide clusters contain chalcogen the Internet at http:/pubs.acs.org.

atoms in the core and terminal cyano groups that enter into

bridges. The present compounds are the first to contain both!C990936C

terminal chalcogen and cyano groups that are accessible for36) 5 o IR S ——
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