Inorg. Chem. 2003, 42, 5483-5485

Inorganic: Chemistry

* Communication

Short Metal-Metal Separations in a Highly Luminescent Trimetallic Ag(l)

Complex Stabilized by Bridging NHC Ligands

Vincent J. Catalano* and Mark A. Malwitz

Department of Chemistry, Usrsity of Neada, Reno, Neada 89557

Received May 8, 2003

Reaction of 1,3-bis(2-pyridinylmethyl)-1H-imidazolium salt, [H(pyCHy).-
im]X (X = BF,~ or CI7), with silver oxide in acetonitrile readily
yields yellow-brown [((pyCH,)2im).Ag]X, 1-BF, or 1-Cl. The chloride
salt crystallizes with 3.650 A intermolecular Ag-+-Ag interactions
while 1-BF, shows no short intermolecular interaction. Addition of
excess Ag(BF,) produces the homoleptic carbene bridged trimetallic
species, [(u-NHC)sAgs](BF4)s, 2. This species contains very short
Ag—Ag separations between 2.7249(10) and 2.7718(9) A. In
solution, these complexes are photoluminescent.

Investigations into the attractive interactions between
closed-shell metal atoms and ions continue to generate muc

interest! It is now well-established that Au(l) complexes

aggregate with metalmetal separations shorter than the sum

of their van der Waals radfi.* Recent examples also

demonstrate that the strength of these interactions is sufficient

associations are observed in Ag(l) chemist¥? although
the nature of these associations is somewhat controversial.
We too are interested in metaietal interactions and have
extensively used multidentate phosphine ligands to incarcer-
ate metal ions and atoms in the center of metallocryptand
cages? In these complexes, the guest metal is held very
tightly allowing for the metat-metal interactions to be probed
in solution. Recently, we developed a research program to
employ the now-ubiquitous N-heterocyclic carbene (NHC)
ligands*1%as supports for maintaining metahetal inter-
actions between closed-shell ions. NHC ligands are consid-
ered bettels donors than most phosphin¥ssignificantly

Hsimpler to synthesize, air-stable, and although not realized

with d'%ions, they have the potential for metdigand back-
bonding!” Here we report the preparation, structure, and
luminescence properties of a homoleptic triangulo-[(
NHC)sAgs]®t complex containing bridging carbene ligands

to overcome the anticipated Coulombic repulsion between spanning unusually short Ag{hAg(l) separations.

like-charged metal complexes, and extensive networks of

Treatment of 1,3-bis(2-pyridinylmethyl)-1H-imidazolium

cationic complexes can be formed in the solid state. This Salt!® [H(pyCHz)im]X (X = BF,~ or CI), with silver oxide

notion is strikingly exemplified by the observation of short
intermolecular Au(ly--Au(l) contacts (2.9643(6)2.9803-
(6) A) between the cationic centers in the homoleptigG
NC)Au](PFs) compleX compared to the much longer

in acetonitrile readily yields yellow-brown [((pyGh3-
im),Ag](X), 1-BF, or 1-Cl. Complex1-BF, (supporting info.)
crystallize4® in the monoclinic space group2/c with the
asymmetric unit containing one-half of the complex and the

separations found in the closely related neutral Au(l) Ag(1) atom residing on a crystallographic inversion center.

compounds, (gH1:NC)AUCN (3.426(3) and 3.442(3) R).
This attraction, termed “aurophilicity”,is attributed to

correlation and relativistic effects and can be as strong as a
hydrogen bond: 1° To a lesser degree, similar, yet weaker,

The structure ofl-BF; is typical of [Ag(NHC)]* complexes
and consists of a linearly coordinated Ag(l) center with short
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Figure 1. Thermal ellipsoid plot of cationic portion df-Cl emphasizing
intermolecular interactions with a symmetry equivalent complex. Selected
bond lengths (A) and angles (deg): Ag¢tAg(1A) 3.650, Ag(1}-C(1)
2.083(6), Ag(1)-C(16) 2.082(6), N(1)yC(1)—Ag(1) 127.2(4), N(2)-C(1)—
Ag(1) 128.8(4), N(1)-C(1)—N(2) 103.8(5), N(3)-C(16)—Ag(1) 128.7(5),
N(4)—C(16)-Ag(1) 127.8(4), N(3)-C(16)—N(4) 103.3(5), C(1yAg(1)—
C(16) 175.0(2).
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Ag(1)—C separations of 2.093(4) A. The two imidazole rings
are rigorously coplanar, and the shortest Ag{Bg(l)
interaction is very long at 8.545 A. CompouhdCl (Figure
1) crystallize in the triclinic space grou@l with similar
metrical parameters tb-BF,. The main differences are that
in 1-Cl the two imidazole rings are very slightly canted with
a dihedral angle of 5%2and the 2-picolyl arms are splayed
back to allow a 3.65 A intermolecular AgAg interaction.
Addition of excess AgBIrto 1-BF, in acetonitrile at room
temperature yields an off-white material identified by X-ray
crystallographi* to be [((pyCH)2im)zAgs](BF4)s, 2 (Scheme
1). As shown in Figure 2, the cation contains three cationic

(19) Crystal data fod-BFas: CsoH2sAgBFiNg, My = 695.28, monoclinic,
a=14.2974(12) Ab = 9.0256(7) Ac = 24.091(3) A S = 102.519-
(19), V =3034.(5) B, T=298(2) K,C2/c, Z = 4, 2000 independent
reflections used for solution and refinement by full-matrix least-squares
on F2, absorption correction by using a semiempirical method derived
from azimuthal scan®}y, (I > 20) = 0.0327,R,, (all data)= 0.0426.

(20) Crystal data fod-Cl: CzoH28AgCINgO, M; = 659.92, triclinic,a =
10.9525(13) Ap = 11.3411(17) Ac = 13.2381(15) Ap. = 108.800-
(12y, B = 101.3641(12), y = 99.519(10), V = 1479.03) B, T =
298(2) K,P1, Z = 2, 4958 independent refR(I > 20) = 0.0575,

Ry (all data)= 0.1107.

(21) Crystal data for2-0.25 CHCN: C45_5(H33A9383F12N12_25 M =

1340.42, monoclinica = 12.236(2) Ab = 35.861(4) Ac = 12.669-
2) A, p=91.421(17, V = 5557.7(15) &, T = 298(2) K,P2i/c, Z
=4, 7726 independent reflnR, (I > 20) = 0.0557,R, (all data)=

0.1225.
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Figure 2. Top: thermal ellipsoid plot o2. Bottom: the core of showing
the Ag3 core. Selected bond lengths (A) and angles (deg): Ad{aj2)

2.7718(9), Ag(2)-Ag(3) 2.7249(10), Ag(1yAg(3) 2.7688(9), Ag(1)C(1)

2.255(8), Ag(1yC(31) 2.261(8), Ag(2yC(1) 2.266(7), Ag(2)C(16)

2.257(8), Ag(3)-C(16) 2.223(8), Ag(3)yC(31) 2.237(7), Ag(L}yN(3)

2.406(7), Ag(13N(12) 2.379(6), Ag(2)-N(4) 2.409(7), Ag(2)-N(7) 2.379-
(6), Ag(3)—N(8) 2.416(7), Ag(3)-N(11) 2.361(7), C(1)Ag(1)—C(31)

162.8(3), C(1)yAg(2)—C(16) 163.7(3), C(16yAg(3)—C(31) 166.0(3), Ag-
(1)—-C(1)—Ag(2) 75.6(2), Ag(2)-C(16)-Ag(3) 74.9(3), Ag(1)-C(31)—

Ag(3) 76.0(2), Ag(1)yAg(2)—Ag(3) 60.49(2), Ag(2y-Ag(3)—Ag(1) 60.60-
(2), Ag(3-Ag(1)—Ag(2) 58.92(2), N(3yAg(1)—N(12) 91.8(3), N(4y

Ag(2)—N(7) 94.4(3), N(8Y-Ag(3)—N(11) 95.2(3).

Ag(l) centers in a nearly equilateral arrangement with
exceptionally short AgAg separations of 2.7718(9), 2.7688-
(9), and 2.7249(10) A for Ag(BAg(2), Ag(1)-Ag(3), and
Ag(2)—Ag(3), respectively. Each dimetallic unit is bridged
by a carbene with AgC separations ranging from 2.223(8)
to 2.266(7) A. Bridging NHC ligands are rare, and only one
other example could be found. Youngs and co-worKers
recently reported an unsymmetrically bound NHC ligand in
a tetranuclear Agcluster with Ag-C separations between
2.15 and 2.41 A. Because of the perpendicular orientation
of the carbene ligands d to the trigonal Ag face, the
pyridine rings must alternate their coordination above and
below the Ag plane giving the comple®sy symmetry. This
sufficiently blocks the Ag face toward further ligand
coordination, and attempts to add a capping ligand such as
sulfide ion were unsuccessful.

In CDsCN solution, theé*C{H} resonance for the carbene
carbon of2 appears as a non-first-order multiplet at 175.3
ppm with extensive coupling to all three Ag atoms (sup-
porting info.). The presence of bofi’Ag and®Ag (I =
1/,) greatly complicates the analysis. However, an effective
simulation of this resonance for the major isotopomer was

(22) Garrison, J. C.; Simons, R. S.; Kofron, W. G.; Tessier, C. A.; Youngs,
W. J. Chem. Commur2001, 1780.
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Figure 3. Emission 4ex = 305 nm) (right) and excitation (left) spectra of
1'BF4 (---, ¢ =949 x 10°M) and2 (—, ¢ = 9.46 x 1075 M) in
acetonitrile.

achieved usingJagc = 104.5 Hz,2Jagc = 8.0 Hz, andPJayc
= 3.0 Hz, suggesting that metatarbenes-bonding is
absent. For the monometallic complex:BF,;, a broad
resonance at 182.3 ppm without any resolVégic was
observed.

As shown in Figure 3, equimolar acetonitrile solutions of
1 or 2 are emissive; however, the emission frainis
considerably stronger. When excited at 305 nm {CN),
the trimetallic compound, shows a broad emission centered
at 435 nm while the monometallic specidsBF,, emits at
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suggesting that the argentophilic attraction is either extremely
weak or nonexistent. The ability of NHC ligands to act as
electronic mimics of anionic aryl ligands to stabilize mul-
timetallic clusters was first put forth by Youngs and
co-workeré?whose tetranuclear NHC-bridged silver complex
also contains very short AgAg separations ranging from
2.7680(9) to 2.9712 (11) A.

Also surprising is the scarcity of reports of photolumi-
nescence from metaNHC complexes. Lin and co-workéfs
reported the emission properties of a series of-hanz-
imidazol-2-ylidene complexes that show dual emission bands
in the solid-state assigned to either an intraligand transition
or a metat-metal state originating from weak intermolecular
aurophilic interactions. In solution, these metaletal
interactions are interrupted, and the intraligand band domi-
nates the spectrum. Similarly, they reported the emission
from [Ag(Me,im);](AgCl,) where the emission was assigned
to metal centered transitions resulting from the extended
chains of Ag(l) cations and Ag(l) aniod&Similarly, Zhang
and co-worker®¥ reported the emission of an (anthracenyl-
methyl-NHC)Agl polymeric complex and assigned its low
energy (600 nm) emission to a metal centered state. The fact
that the carbene precursor, [H(py@im]X, is luminescent
suggests that the emissionirand2 may be ligand based;
however, the possibility of a metal-centered or a metal-to-
ligand-charge transfer state 2cannot be ruled out without
further investigatiory®34

The application of NHC ligands to support short metal

slightly higher energy (413 nm). The carbene precursor, metal interactions is proving to be a promising area of study.
[H(pyCHy)im](BF.), is also emissive. When excited at 358 With their excellent donor properties and ease of synthesis,
nm, a single broad band at 450 nm is observed. All three NHC ligands could one day rival tertiary phosphines as the
compounds have absorptions in the UV region between 240“ligand of choice” in many transition metal applications.

and 260 nm that tail toward 300 nm; howev@rhas an
additional band that appears as a shoulder at 300 nm.
The presence of the exceptionally short-Afyg separa-
tions in the cationic complex, is particularly noteworthy.
Although there are numerous Aglusters reported in the
literature, surprisingly few Agclusters containing exclu-

sively neutral ligands exist. For example, the well-studied

phosphine bridged [AgPhCH,PPh)s]*" complexes usually

contain anionic auxiliary ligands coordinated to the triangular

Along these lines, we are continuing to explore NHC ligands
as simple substitutes for the synthetically cumbersome
multidentate phosphines to stabilize attractive interactions
between closed-shell, late metal ions.
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