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The past decade has witnessed an extraordinary revival of
transition metat-cyanide chemistry, fueled largely by interest in
the magnetic and photomagnetic properties of cyano-bridgedsolids
and moleculed.The preparations for many of these compounds
rely upon the use of homoleptic cyanometalate complexes as
building units. To give but two examples, octahedral [M(EJN)

complexes are employed in the synthesis of cubic Prussian blue-

type solids with adjustable magnetic properfigshi while
[M(CN)g]®~ (M = Mo, W) complexes can be incorporated into
high-nuclearity clusters with ground states of record high 3pin.

Thus, the synthesis of new cyanometalate complexes stands as @ijgure 1. Structure of a pentagonal bipyramidal [Re(GR) complex in
potent means of extending the range of accessible properties inl; ellipsoids are drawn at the 40% probability level. Selected mean

cyano-bridged compoundsMoreover, second- and third-row
transition-metal complexes, which have been less thoroughly

interatomic distances (A) and angles (deg) for two crystallographically
independent complexes: RE 2.09(2), C-N 1.17(1), Gq—Re—Ceq72.4(9),
Cax—Re—Ceq 90(4), Gx—Re—Cax 178.6(6), Re-C—N 177(1).

investigated, can be expected to deliver stronger magnetic exchange

coupling and greater magnetic anisotropy to the matetigéth
these factors in mind, we chose to explore the synthesis of new
homoleptic rheniumcyanide complexes.

To date, only one such complex has been structurally verified:
pentagonal bipyramidal [Re(CN}~.5> The most oft-cited prepara-
tion for this diamagnetic molecule is somewhat inconvenient,
involving the reaction betweenjReCk] and KCN at 25C°C in a
KSeCN melt Although the early literature contains many purported
examples of other rheniuftyanide complexes, nearly all of these
formulations are now in doulstwith the possible exception of

[Re(CN)]>"." Here, we report the syntheses, structures, and spectral

properties of two additional species: [Re(GN) and [Re(CNg]®~.

The synthesis of [Re(CN]~ proceeds through a simple ligand
exchange reaction. Under a pure dinitrogen atmosphere, solid
(BusN)CN (1.2 g, 4.5 mmol) was added to a solution of {Ri-
[ReCk]® (0.55 g, 0.62 mmol) in 2.0 mL of DMF. The mixture was
stirred and heated at 8& for 3 days to give a yellow solid, which
was collected by filtration and washed with successive aliquots of
THF (3 x 10 mL) and ether (3« 5 mL). Diffusion of THF vapor
into a concentrated DMF solution of the solid afforded 0.52 g (76%)
of (BusN)3[Re(CN)] (1) as yellow block-shaped crystdls<Com-
poundl is stable in air both in the solid state and in nonprotic

The spectral and magnetic propertiesloére consistent with
[Re(CNY]3~ having the?E,"" ground state expected for a pentagonal
bipyramidal complex with a low-spiniatlectron configuration. As
measured using a SQUID magnetometer, the effective magnetic
moment of 2.0« at 298 K indicates a8 = 1/, ground state with
an averagey value of 2.33. The X-band EPR spectrum of an
undiluted powder ofl at 20 K is axial withg, = 3.66 andg, =
1.59, and shows hyperfine splitting in the parallel component with
A, = 129 G. The electronic absorption spectruniafissolved in
acetonitrile differs little from the diffuse reflectance spectrum of
the solid, suggesting that the complex maintains its pentagonal
bipyramidal geometry in solution. These spectra display a band
centered at 25 300 cth (395 nm) that can potentially be assigned
to the lowest-energy spin-allowed component of the e &'
transition. The analogous transition in [Mo(GM) occurs at the
slightly lower energy of 24 900 cm.1?

Efforts to incorporate this new paramagnetic building unit into
cyano-bridged solids are underway. As with [Mo(GN), the
anisotropy of the structure angltensor of [Re(CN)3~ can be
anticipated to lend such solids highly anisotropic magnetic
behaviorl942In aqueous solution, however, initial reactions led to
a product in which the complex had spontaneously reduced to the

solvents, but gradually decomposes over the course of several daygliamagnetic 18-electron species [Re(GN). Heating a solution

in oxygenated water. In contrast, [Re(GN) rapidly oxidizes in
air® The cyclic voltammogram ofl in acetonitrile displays a
[Re(CNY]374~ redox couple centered &/, 1.06 V AE, =
140 mV) versus CgreP/i+ 10

X-ray analysi&! of a single crystal ol revealed [Re(CNJ3~ to
adopt the pentagonal bipyramidal geometry depicted in Figure 1.
The complex closely approach&s, symmetry, with the carbon
atoms of the five equatorial cyanide ligands (C{8)7)) forming
a nearly perfect equilateral pentagon. lts-Redistances, which
fall within the range 2.064(16)2.123(11) A, are comparable to
those observed for [Re(CNJ~ in K4[Re(CNY]-2H,0 (2.077(3)-
2.099(6) A)5
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of 1 (60 mg, 55umol) and MnC}-4H,0 (60 mg, 0.30 mmol) in 3
mL of water at 85°C for 5 days afforded 23 mg (61%) ofac-
Mn(H,0)3][ cis-Mn(H20),][Re(CN),]-3H,O (2) as light purple
trapezoidal plate-shaped cryst&isX-ray analysig' showed2 to
exhibit an intricate three-dimensional framework polymorphic to
that in [merMn(H,O)3][ cis-Mn(H,0),][Mo(CN)]-4H,0 .19 Interest-
ingly, attempts to prevent reduction of the rhenium by adding a
variety of noncoordinating oxidants to the aqueous reaction mixture
resulted instead in formation of [Re(C§# .

Currently, [Re(CNgJ3~ is still best prepared via oxidation of
[Re(CNY]3~ in the presence of manganese. A mixturelof62
mg, 0.056 mmol), KIQ (28 mg, 0.12 mmol), and MngkH,O
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Figure 2. Structure of the square antiprismatic [Re(GJR) complex in
4-2MeCN; ellipsoids are drawn at the 50% probability level. Closely
approachind®sq symmetry, the molecule resides on a crystallographic mirror
plane that contains atoms N(4), C(4), Re(1), C(1), and N(1). Selected mean
interatomic distances (A) and angles (deg):—Re2.10(1), G-N 1.150(5),
C—Re—-C 76(3), 114.3(9), 142.5(3), R&C—N 177.7(9).

(34 mg, 0.17 mmol) in 3 mL of deoxygenated water was heated at
85 °C for 24 h. The resulting solid was collected by filtration and
washed with successive aliquots of waterx3L0 mL) and THF

(3 x 10 mL). The product was extracted into 2 mL of acetonitrile
and, upon filtration, addition of 30 mL of ether gave 25 mg (35%)
of (BusN)3[Re(CN)] (3) as a white precipitat&. Attempts to carry

out the preparation in the absence of manganese left [Re[EN)
unreacted. Addition of K(C§S0;) to a solution of3 in acetonitrile
afforded the water-soluble saltslRe(CN)] (4) in essentially
quantitative yield

Colorless rectangular plate-shaped crystalé-2MeCN suitable
for X-ray analysi&! were obtained by layering a solution 8fin
acetonitrile onto a saturated solution of KES©;) in acetonitrile.
Therein, [Re(CNyJ3~ adopts the square antiprismatic structure
shown in Figure 2. Using a previously devised method for analyzing
eight-coordinate geometrié%,the minimal torsion anglesy,
between adjacent triangular faces of theg fdlyhedron were
determined to be 0°02.6°, 51.5, and 51.8. For comparison, an
ideal square antiprism exhibifg = 6, = 0° anddz = 6, = 52.5.
Thus, [Re(CNgJ3~ appears to be the most nearly perfect metal
octacyanide square antiprism yet encountéfed.

The electronic absorption spectrum 8f in acetonitrile is
remarkably similar to spectra of the isoelectronic [M(EJ{) (M
= Mo, W) complexes, suggesting that [Re(GN) converts to a
dodecahedral geometry in soluti&hAccordingly, the three bands
centered at 436, 348, and 298 nm are tentatively assigned as spin
allowed d-d transitions. Like [Mo(CNg*~ and [W(CN}]*-,
[Re(CN)]3~ is also photoactive upon exposure to UV radiation,
presumably oxidizing to the paramagnetic 17-electron species
[Re(CNY]?~.29Indeed, the cyclic voltammogram 8fin acetonitrile
displays a [Re(CNJ]3~2~ redox couple centered B, = 0.999 V
(AE, = 110 mV) versus Cgeé”*". Thus, as observed for solids
containing [Mo(CNy]4~,% cyano-bridged compounds incorporating
[Re(CN)]3~ could potentially exhibit a large photomagnetic
response. Efforts are underway to probe this possibility in a
[(MeOH),4qMngRes(CN)4g] cluster, obtained simply by substituting
[Re(CN)]3~ for [Mo(CN)g]®~ in the preparation of the analogous
high-spin molecule [(MeOH)MngMog(CN),g]. %

Ultimately, it is hoped that the new cyanorhenate complexes
disclosed here will be of utility in the design of magnetic materials
with applications in information storage.
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