
Communications

An Unusually Static, Sterically Hindered Silver
Bis(N-heterocyclic carbene) Complex and Its Use in

Transmetalation
Yoshitha A. Wanniarachchi,† Masood A. Khan,‡ and LeGrande M. Slaughter*,†

Departments of Chemistry, Oklahoma State University, Stillwater, Oklahoma 74078, and
University of Oklahoma, Norman, Oklahoma 73019

Received September 5, 2004

Summary: A dimeric silver complex of the bulky bis(N-
heterocyclic carbene) ligand 1,1′-dimesityl-3,3′-methyl-
enediimidazol-2,2′-diylidene exhibits a surprisingly static
structure in solution, due to a favorable chelate ring con-
formation, yet serves as a convenient transmetalation re-
agent for the formation of a new κ2-bis(NHC) rhodium(I)
complex. The latter complex demonstrates a strong influ-
ence of N-substituent steric bulk on the bis(NHC) binding
mode.

N-heterocyclic carbenes (NHC’s) have emerged as a
versatile class of ancillary ligands in organometallic
chemistry.1 Following Arduengo’s discovery of stable
imidazol-2-ylidenes in 1991,2 enormous interest has
centered on the use of carbene ligands in homogeneous
catalysis.3 The increased catalytic activity observed in
a number of reactions4 has been attributed to a combi-
nation of electronic effects, resulting from the higher

σ-donicity of NHC ligands compared with phosphines,5
and enhanced thermal stability, which may inhibit
catalyst deactivation.6

A widely employed synthetic strategy introduced by
Wang and Lin7 involves the use of silver-NHC complex-
es as air-stable reagents for carbene transfer to catalyti-
cally important transition metals.8-11 Most Ag-NHC
complexes undergo rapid carbene exchange in solution,12

and it has been suggested that their efficacy as trans-
metalation agents correlates with this Ag-C bond
lability.11

As part of an effort to design new catalysts containing
chelating carbene ligands, we have investigated silver
complexes of sterically hindered bis(imidazol-2-ylidenes).
Bidentate NHC’s have received less attention than their
monodentate counterparts in catalysis,6,13 and we hy-
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pothesize that combining the stronger ligand binding
arising from the chelate effect with increased steric bulk
could improve catalyst activity by preventing decompo-
sition of highly reactive intermediates. Our initial
interest focused on the bulky bis(NHC) 1,1′-dimesityl-
3,3′-methylenediimidazol-2,2′-diylidene (DIMesMe), a
ligand which was first employed by Herrmann and co-
workers in a palladium CO/ethylene copolymerization
catalyst14 but has not been widely investigated. Herein
we report the synthesis of a silver complex of DIMesMe

that has an unusually static dimeric structure in
solution. This compound is nevertheless an effective
transmetalating agent and promises easy access to
sterically hindered bis(NHC) transition-metal complexes
with potential catalytic utility.

Treatment of 1,1′-dimesityl-3,3′-methylenediimidazo-
lium dibromide14 (1) with 1.2 equiv of Ag2O in CH2Cl2
for 2 h at 25 °C (Scheme 1), followed by filtration
through Celite and removal of solvent, afforded a brown,
amorphous solid. The 1H NMR spectrum of this material
(DMSO-d6) was complex and could not be fully inter-
preted, but no imidazolium N2C-H resonances (δ 8.5-
10) were evident. On the basis of reaction stoichiometry
and literature precedent,12 we formulate this material
as [(κ2,µ2-DIMesMe)Ag]n[AgBr2]n (2), containing a mix-
ture of oligomers with bridging dicarbene ligands.
Precursor 2 released AgBr upon reaction with 1.2 equiv
of AgBF4 in hot acetonitrile, and colorless microcrystals
were obtained upon crystallization from CH2Cl2/Et2O.
X-ray crystallographic analysis15 revealed a dicarbene-
bridged dimer, [(κ2,µ2-DIMesMe)2Ag2][BF4]2 (3) (Figure
1).16 This differs from other structurally characterized
Ag complexes of hydrocarbon-linked bis(NHC) ligands,

which are either monomeric17 or polymeric12 with
terminal or bridging halide ligands, respectively. How-
ever, similar dimeric structures have been observed for
silver complexes of chelating CNC pincer8,18 and C2N2
cyclophane19 bis(NHC) ligands. The Ag-C bond lengths
(2.081(2)-2.095(2) Å) and near-linear C-Ag-C angles
(173.50(9), 171.93(10)°) of 3 are within the normal
ranges for published silver NHC complexes.

An intriguing feature of 3 not identified in previously
reported bis(NHC) silver dimers is the short Ag-Ag
contact of 3.2039(3) Å. Strong interactions between
closed-shell, d10 metals are well documented for gold,20

(12) Lee, K. M.; Wang, H. M. J.; Lin, I. J. B. Dalton 2002, 2852-
2856.

(13) (a) Herrmann, W. A.; Elison, M.; Fischer, J.; Kocher, C.; Artus,
G. R. J. Angew. Chem., Int. Ed. Engl. 1995, 34, 2371-2374. (b)
Albrecht, M.; Crabtree, R. H.; Mata, J.; Peris, E. Chem. Commun. 2002,
32-33. (c) Albrecht, M.; Miecznikowski, J. R.; Samuel, A.; Faller, J.
W.; Crabtree, R. H. Organometallics 2002, 21, 3596-3604. (d) Miec-
znikowski, J. R.; Crabtree, R. H. Organometallics 2004, 23, 629-631.

(14) Gardiner, M. G.; Herrmann, W. A.; Reisinger, C.-P.; Schwarz,
J.; Spiegler, M. J. Organomet. Chem. 1999, 572, 239-247.

(15) Crystal data for 3: C50H56B2F8N8Ag2‚3CH2Cl2, Mr ) 1413.17,
triclinic, space group P1, a ) 13.7737(13) Å, b ) 14.1295(14) Å, c )
18.4534(18) Å, R ) 86.8310(10)°, â ) 71.7930(10)°, γ ) 68.0620(10)°,
U ) 3156.8(5) Å3, T ) 103(2) K, Z ) 2, Dc ) 1.487 g cm-3, µ(Mo KR)
) 0.939 mm-1, 13 348 independent reflections (Rint ) 0.028). Final R1-
(2σ) ) 0.0355, wR2(all data) ) 0.0986.

(16) Preparation of 3: Ag2O (153 mg, 0.659 mmol) and 1,1′-dimesityl-
3,3′-methylenediimidazolium dibromide (300 mg, 0.549 mmol) were
stirred in CH2Cl2 (10 mL) for 2 h at 25 °C. The mixture was filtered,
and the solvent was removed in vacuo to yield 2 as a brown solid. The
entire sample was stirred for 30 min in hot CH3CN (60 °C) with AgBF4
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Scheme 1

Figure 1. Molecular structure of 3, with BF4
- anions

omitted for clarity. Thermal ellipsoids are shown at the
50% probability level. Selected distances (Å) and angles
(deg): Ag(1)-C(12) ) 2.095, Ag(1)-C41 ) 2.093(2), Ag(2)-
C(16) ) 2.081(2), Ag(2)-C(26) ) 2.086(3), Ag(1)-Ag(2) )
3.2039(3); C(12)-Ag(1)-C(41) ) 173.50(9), C(16)-Ag(2)-
C(26) ) 171.93(10).
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but examples involving silver are relatively rare.21 Ag-
Ag distances shorter than twice the van der Waals
radius (3.40 Å) are considered diagnostic for such
“argentophilic” interactions.22 A few examples are known
for mixed-ligand Ag complexes with NHC’s combined
with other donors,7,11,12,23 but to our knowledge there
are no other published examples of such interactions
with the Ag centers coordinated solely by carbene
ligands.24

The structure of the 12-membered bicylic chelate ring
formed by the bridging ligands is unusual, describing a
C2-symmetric twisted-boat conformation with both CH2
tethers protruding away from the Ag2 core in one
direction. This contrasts with reported Ag bis(NHC)
dimers, which have chairlike8,19 or helical18 structures.
An interesting result of this geometry is projection of
most of the mesityl steric bulk toward one face of the
Ag2 unit, leaving the other face exposed and capped by
a BF4

- anion (d(Ag-F) ) 3.510, 3.461 Å to one F; Figure
S3, Supporting Information). Counterintuitively, mo-
lecular mechanics calculations (UFF, Gaussian03) on
analogues of 3 with CH3 N-substituents show the boat
form to be favored over the chair by 3.4 kcal/mol.
N-Mesityl substituents increase this difference to 9.6
kcal/mol due to unfavorable intraligand CH3-CH3
contacts in the chair form and result in a close Ag-Ag
approach in the boat form (3.43 Å) that is near the
observed distance. Thus, the Ag-Ag interaction of 3 is
most likely a fortuitous result of ligand geometry and
not a driving force for adoption of the boat conformation.

The 1H NMR spectrum of 3 supports retention of a
rigid-boat conformation in solution, with two methylene
C-H and three aryl-CH3 resonances, the latter indi-
cating hindered rotation of the mesityl rings.16 At
-90 °C, the two o-CH3 resonances separate into two
distinct sets of two peaks, consistent with a C2-sym-
metric conformation that is static at low temperature
but undergoes a rapid “twist” interconversion between
enantiomers at room temperature.

The coordinated carbenes of 3 manifest a sharp pair
of doublets at δ 180.9 in the 13C NMR spectrum with
well-resolved silver-carbon coupling (1J107AgC ) 182,
1J109AgC ) 210 Hz). This implies nonlabile silver-carbene
bonds. The majority of reported silver NHC complexes
exhibit broad singlets or no carbene 13C NMR signal,
generally taken as evidence of fluxionality in solution.12

In fact, only a few silver NHC complexes with well-
resolved silver-carbon couplings have been reported.7,10,25

Among these, there is only one structurally character-

ized example containing a chelating bis(NHC).18 It is
also dimeric, but the helical structure adopted by the
bridging CNC “pincer” dicarbenes differs from that of
3. Further evidence of Ag-C bond nonlability is pro-
vided by the surprising thermal stability of 3, which
shows only 16% decomposition on heating in DMSO-d6
for 5 days at 100 °C. Given the present evidence, we
propose that the unusually static solution structure of
3 results from kinetic stabilization of the silver-NHC
bonds by a favorable chelate ring conformation that is
enforced by steric bulk.

Despite its apparent nonlability in solution, 3 is useful
as a carbene transfer agent. Treatment of [Rh(COD)-
Cl]2 (COD ) 1,5-cyclooctadiene) with 1 equiv of 3 in
CH2Cl2 in a sealed ampule at 60 °C provided
[(κ2-DIMesMe)Rh(η2:η2-COD)][BF4] 4 (Scheme 1) as or-
ange crystals after removal of AgCl and addition of
hexane.26 An X-ray crystal structure27 (Figure 2) and
solution NMR data26 characterize a rigid κ2-bis(NHC)
which is tilted to form a boat-shaped (RhCNCNC)
chelate ring. The combination of steric hindrance and
strongly donating NHC ligands in 4 could be useful in
catalytic reactions such as hydroformylation and hy-
drogenation, and potential precatalysts could be pre-
pared following literature precedent for replacement of
COD with ligands such as CO28 and MeOH29 to impart
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2001, 627, 263-264.
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Youngs, W. J. Chem. Commun. 2001, 1780-1781. (b) Lee, C. K.; Lee,
K. M.; Lin, I. J. B. Organometallics 2002, 21, 10-12. (c) Catalano, V.
J.; Malwitz, M. A. Inorg. Chem. 2003, 42, 5483-5485.

(24) As a reviewer has pointed out, one published Ag bis(NHC) dimer
has an Ag-Ag distance of 3.158(10) Å that is evident from data in the
Cambridge Structural Database (CCDC No. 157858), though this was
not reported in the paper.18

(25) (a) Arduengo, A. J.; Dias, H. V. R.; Calabrese, J. C.; Davidson,
F. Organometallics 1993, 12, 3405-3409. (b) Bildstein, B.; Malaun,
M.; Kopacka, H.; Wurst, K.; Mitterböck, M.; Ongania, K.-H.; Opromolla,
G.; Zanello, P. Organometallics 1999, 18, 4325-4336. (c) Ku, R.-Z.;
Huang, J.-C.; Cho, J.-Y.; Kiang, F.-M.; Reddy, K. R.; Chen, Y.-C.; Lee,
K.-J.; Lee, J.-H.; Lee, G.-H.; Peng, S.-M.; Liu, S.-T. Organometallics
1999, 18, 2145-2154. (d) Ramnial, T.; Abernethy, C. D.; Spicer, M.
D.; McKenzie, I. D.; Gay, I. D.; Clyburne, J. A. C. Inorg. Chem. 2003,
42, 1391-1393.

(26) Preparation of 4: [Rh(COD)Cl]2 (43 mg, 0.086 mmol) and 3 (100
mg, 0.086 mmol) were stirred in CH2Cl2 at 60 °C for 2 h in a sealed
ampule. The mixture was filtered, the solution was concentrated in
vacuo, and hexane was added to afford orange crystals of 4 (90 mg,
77%). See the Supporting Information for analytical data.

(27) Crystal data for 4: C33H40BF4N4Rh‚CH2Cl2, Mr ) 767.34,
monoclinic, space group P21/c, a ) 17.605(3) Å, b ) 13.365(2) Å, c )
16.052(2) Å, â ) 115.776(2)°, U ) 3401.1(9) Å3, T ) 103(2) K, Z ) 4,
Dc ) 1.499 g cm-3, µ(Mo KR) ) 0.712 mm-1, 8057 independent
reflections (Rint ) 0.027). Final R1(2σ) ) 0.0469, wR2(all data) )
0.1271.

(28) Mata, J. A.; Chianese, A. R.; Miecznikowski, J. R.; Poyatos, M.;
Peris, E.; Faller, J. W.; Crabtree, R. H. Organometallics 2004, 23,
1253-1263.

Figure 2. Molecular structure of 4, with the BF4
- anion

omitted for clarity. Thermal ellipsoids are shown at the
50% probability level. Selected distances (Å) and angles
(deg): Rh(1)-C(12) ) 2.054(3), Rh(1)-C(16) ) 2.058(3),
Rh(1)-C(27) ) 2.185(3), Rh(1)-C(28) ) 2.223(3), Rh(1)-
C(31) ) 2.216(3), Rh(1)-C(32) ) 2.204(3); C(12)-Rh(1)-
C(16) ) 85.29.
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greater photolability and thermal lability, respectively.
Compound 4 may also be useful in certain reactions in
an unmodified form, given that a similar [bis(NHC)Rh-
(η2:η2-COD)]+ complex is a highly active alkyne hydrosi-
lylation catalyst.30

Interestingly, Crabtree, Faller, and co-workers have
proposed that the mode of bis(NHC) coordination in
rhodium complexes is determined primarily by tether
length, and they concluded that linkers of at least two
carbons are required to achieve nonbridging κ2 coordi-
nation to RhI based on a study of hydrocarbon-tethered
bis(NHC) ligands with nBu N-substituents.28 The for-
mation of 4 with a more sterically demanding bis(NHC)
suggests that N-substituent bulk plays at least as

important a role as linker length in determining the
coordination mode of bidentate NHC ligands.
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