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1-(2,2′-Diethoxyethyl)-3-methyl-imidazolium bromide, 1, has been prepared and used as a precur-
sor for the synthesis of the corresponding silver bromide complex [(NHC)2Ag][AgBr2], 2. Trans-
metallation of 2 with (tht)AuBr (tht = tetrahydrothiophene) yields (NHC)AuBr, 3. The solid-state
structures of 2 and 3 have been determined by single-crystal X-ray diffraction revealing a loose ag-
gregation of the complexes by weak metal-metal interactions. Due to the presence of these contacts,
both complexes are emissive in the solid state.
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Introduction

Silver and gold complexes bearing N-heterocyclic
carbenes (NHC) have been the focus of intense stud-
ies for over a decade [1]. Because NHC–Ag(I) com-
plexes are versatile carbene transfer agents, they have
been synthesized as stable intermediates in the course
of many preparations of other transition metal NHC-
complexes [2]. They are conveniently accessible by the
reaction of an imidazolium salt and Ag2O and feature
a rich coordination chemistry. NHC–Au(I) complexes
are investigated due to numerous applications rang-
ing from homogeneous catalysts for unique C–C, C–O,
and C–N bond forming reactions [3, 4] to pharmaceu-
tical uses as anticancer, antiarthritis, and antibacterial
agents [5, 6]. The chemistry of gold is dominated by
compounds of the metal in the oxidation state +1 in
linearly coordinated complexes of the type NHC–Au–
X or [(NHC)2Au]X, which are prepared by the reac-
tion of (R2S)AuX (R2S = Me2S, tetrahydrothiophene;
X = halide) with an NHC–Ag complex or the free
carbene [7]. In the course of our studies on Ag(I),
Au(I) and Au(III) complexes bearing NHCs function-
alized with nitrogen donor atoms [8 – 10], we became
also interested in examples with oxygen containing
side arms at a nitrogen atom of the NHC ligands.
Herein, we report the synthesis and characterization of
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1-(2,2′-diethoxyethyl)-3-methyl-imidazolium bromide
and the corresponding NHC–Ag(I) and –Au(I) com-
plexes. It should be noted, that the synthesis of the
related N,N′-bis-(2,2′-diethoxyethyl)-imidazolium salt
and its Ag(I), Pd(II) and Ni(II) compounds has been
published recently [11].

Results and Discussion

The imidazolium salt 1 is prepared by the reaction
of bromoacetaldehyde diethyl acetal with 1-methyl-
imidazole at 80 ◦C without solvent and obtained as
a viscous oil (Scheme 1). Subsequent reaction with
Ag2O in dichloromethane (DCM) yields the complex
[(NHC)2Ag][AgBr2], 2, in good yields and high purity
as a colorless powder. The Au(I) complex 3 is obtained
by the stoichiometric reaction of 2 with (tht)AuBr in
DCM (Scheme 1). All complexes are stable in the dark
in solution and solid state. Attempted acidic depro-
tection of the acetal function in complex 3 and isola-
tion of an aldehyde-functionalized NHC–Au(I) com-
plex failed so far.

In the NMR spectra of the ligand and its com-
plexes, the resonance of the C2 carbon atom is most
affected by the exchange of the proton by a metal
atom: Whereas the C2 atom of the imidazolium salt
resonates at δ = 137.5 ppm, the signal for the car-
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Scheme 1.

Fig. 1. Molecular structure of 2 (ORTEP; displacement
ellipsoids at the 50 % probability level, H atoms omit-
ted for clarity). Selected bond lengths (Å) and an-
gles (deg): Ag1–C1 2.08(1), Ag1–C11 2.09(1), Ag2–Br1
2.431(1), Ag2–Br2 2.423(1), Ag1–Ag2 3.668(1); C1–Ag1–
C11 179.0(2), Br1–Ag2–Br2 177.2(1).

bene carbon atom of 2 is significantly down field
shifted to δ 181.1 ppm. This value is very simi-
lar to that of analogous NHC–Ag complexes of the
type [(NHC)2Ag][AgBr2] [7, 10]. The chemical shift
of the C2 carbene carbon atom of the gold complex 3
is 184.3 ppm, which is at the down field limit of com-
parable NHC–Au–Br complexes [7]. The ESI mass
spectra of 2 and 3 are each dominated by the signal rep-
resenting the cationic species [(NHC)2M]+. Particu-
larly NHC–Ag(I), but also NHC–Au(I) complexes, are
generally prone to ligand scrambling reactions [1e, 12],
albeit to our knowledge no crystal structures are known
of the ionic form [(NHC)2Au][AuX2] (X = halide). As-
tonishingly, no elimination of ethanol from the acetal
group could be detected in the mass spectra.

Fig. 2. Excerpt of a cell plot of the crystalline phase of com-
pound 2 depicting the aggregation to linear chains parallel to
the b axis.

Crystals suitable for X-ray diffraction analysis were
obtained by slow diffusion of diethyl ether into so-
lutions of 2 and 3 in chloroform at 5 ◦C. Com-
pound 2 crystallizes in the monoclinic space group
P21/c (Z = 2) in an ionic form with linearly coordi-
nated [(NHC)2Ag]+ cations and [AgBr2]− anions ag-
gregated alternatingly to infinite, almost linear chains
(Figs. 1, 2; Ag1–Ag2–Ag1ii 177.9◦). Neighboring ions
do not feature a perpendicular but a slightly twisted
arrangement to each other (C1–Ag1–Ag2–Br2 74.7◦)
with two different Ag· · ·Ag distances of 3.436(1) for
Ag1–Ag2 and 3.668(1) Å for Ag2–Ag1ii. Taking into
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account the sum of the van der Waals radii of silver
(3.44 Å [13]) these distances are indicative of only
weak or even insignificant attractive argentophilic in-
teractions. Therefore, this aggregation might be gov-
erned mainly by Coulombic or multipolar interactions
(e. g. quadrupole-quadrupole interactions which in cer-
tain cases can even outperform metallophilic interac-
tions [14]). It should be noted that this aggregation
pattern is frequently found for silver halide complexes
bearing NHC ligands, but is rarely observed with other
ligands [7]. The imidazolyl ring planes are almost ex-
actly coplanar (N1–C1–C11–N3 178.2◦) which results
from an increased π backbonding contribution com-
pared to a perpendicular orientation [15]. Both Ag–C
bond lengths are almost identical [Ag1–C1 2.08(1) Å,
Ag1–C11 2.09(1) Å] and fall in the range typical for
other silver-carbene complexes [16].

The gold complex crystallizes in the monoclinic
space group P21/n with Z = 4. The coordination of
the gold atom is linear [C1–Au1–Br1 175.8(2)◦] with
Au–C and Au–Br distances of 1.98(1) and 2.394(1) Å,
respectively. Two complex molecules are loosely as-
sociated in an antiparallel mode into dimers with
a relatively long Au· · ·Au distance of 3.598(1) Å,
i. e. too far to suggest significant aurophilic inter-
actions [17] (Fig. 3). Interestingly, the Au1· · ·C1i

distance of 3.498(1) Å is significantly shorter than
the Au· · ·Au distance and in the range of reported
π(C)–Au(I) interactions [12]. Therefore, it is tempting
to speculate that the dimerization is synergetically gov-
erned by both closed-shell d10-d10 as well as cation-π
interactions. Albeit not explicitly described in previ-
ous publications about NHC–Au–X (X = Cl, Br) com-
plexes, an analysis of their crystal structures revealed
that this loose aggregation pattern is not unusual for
functionalized NHC ligands [18]. A similar aggrega-

Fig. 3. Dimers in crystals of 3. Selected bond lengths
(Å) and angles (deg): Au1–C1 1.98(1), Au1–Br1 2.394(1),
Au1–Au1i 3.598(1), Au1–C1i 3.498(1); C1–Au1–Br1
175.8(2).

tion has also been reported for some compounds of the
type L–Au–SR (L = phosphane, isonitrile; SR = SCN,
thiolate, thioacetate), where the Au and S atoms form
a parallelogram with Au· · ·S edges and an Au· · ·Au′
diagonal with dominating thiophilic interactions [19].

Closed-shell d10-d10 interactions of coinage met-
als frequently give rise to luminescence in the solid
state and under special conditions also in solution. Al-
beit not always unambiguous, the emission from com-
plexes with gold-gold interactions are usually assigned
to a 3[5dσ∗6pσ ] excited state, which has a formal
metal-metal bond reminiscent of the formation of ex-
cimers or exciplexes of organic molecules [20]. Com-
pared to gold(I) complexes, the luminescence mech-
anisms of complexes featuring silver-silver contacts
are not equally well established but mostly explained
in analogy to gold(I) also by an excimer/exciplex
model [21]. For the present results no direct correla-
tion between the metal-metal distances determined by
X-ray diffraction and the emission wavelength could
be formulated, because the bonded M-M distance in
the excited state is responsible for the emission prop-
erties and usually not known. Therefore, the photo-
luminescent behavior is possible even if the distance
in the ground state is of the order of the sum of the
van der Waals radii or slightly above. The distortion of
the complexes in the excited state are reflected by the
Stokes shift which in the case of metallophilicity-based
emission is very large.

Although they are weak, the metal-metal interac-
tions of both complexes 2 and 3 give rise to lumi-

Fig. 4 (color online). Excitation (left) and emission (right)
spectra of solid 2 (•) and 3 (�) at 20 ◦C (emission spectra:
2 λex = 280 nm, 3 λex = 300 nm; excitation spectra: 2 λdet =
420 nm, 3 λdet = 700 nm).
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nescence in the solid state upon excitation with UV
light (Fig. 4). At r. t., the gold complex shows a broad,
low-energy emission band around 709 nm. In the ex-
citation spectrum a signal at 275 nm and a shoulder
at 305 nm are detected. These values are in the stan-
dard range of other gold complexes with aurophilic
contacts in the solid state [22]. The silver complex fea-
tures an unstructured, broad emission band at 419 nm.
Two bands appear in the excitation spectra at 300
and 360 nm. Interestingly, these values are very simi-
lar to those of Tl[Ag(CN)2], where the arrangement of
silver atoms (also with two different silver-silver dis-
tances) has been held responsible for the emission be-
havior [21]. As solutions of 2 and 3 are not absorbing
above 250 nm, the bands in the excitation spectra are
indicative of electronic transitions originating from the
aggregation via metal-metal interactions in the solid
state. The very large Stokes shifts of ∼ 9470 cm−1 (2)
and ∼ 22260 cm−1 (3) indicate severe distortions of
the structures in the excited state. These observations
are in accordance with an excimer/exciplex model.

Conclusion

In this contribution we describe the synthesis of
1-(2,2′-diethoxyethyl)-3-methyl-imidazolium bromide
as a precursor for the synthesis of the silver(I) and
gold(I) complexes of the corresponding carbene. The
single crystal structure analysis of the silver compound
revealed the formation of an ionic complex of the form
[(NHC)2Ag][AgBr2], whose ions are aggregated alter-
natingly to infinite chains via loose silver-silver con-
tacts. Transmetallation with (tht)AuBr (tht = tetrahy-
drothiophene) yields (NHC)AuBr which dimerizes in
an anti-parallel fashion in the solid state. Although the
metal-metal distances are large, the presence of M-M
contacts gives rise to photo-luminescence in the solid
state at r. t. with very large Stokes shifts indicative of
strong geometric distortion in the excited state.

Experimental Section
General information

All solvents and reagents were commercially available
and used as received. The gold precursor (tht)AuBr was pre-
pared following the procedure described by Usón et al. [23].
NMR spectra were recorded either on a Bruker Digital
Avance DPX 300 (300 MHz) or on an Avance DRX 500
(500 MHz) spectrometer. 1H and 13C shifts are reported in
ppm relative to Si(CH3)4 referring internally to the residual
signal of the deuterated solvent. Mass spectra were collected

Table 1. Crystal structure data for 2 and 3.

2 3
Formula C20H36N4O4Ag2Br2 C10H18N2O2AuBr
Mr 772.09 475.14
Crystal size, mm3 0.71×0.49×0.35 0.61×0.61×0.60
Crystal system monoclinic monoclinic
Space group P21 P21/n
a, Å 11.172(2) 7.739(1)
b, Å 7.103(1) 14.839(2)
c, Å 18.459(3) 12.664(1)
β , deg 105.916(4) 93.034(4)
V , Å3 1408.6(4) 1452.2(3)
Z 2 4
Dcalcd, g cm−3 1.82 2.17
µ(MoKα ), mm−1 4.3 12.9
hkl range ±13, ±8, ±22 ±9, −17→+15, ±15
Refl. measured / unique 24983 / 5178 8897 / 2556
Rint 0.044 0.085
Refl. observed 4807 2090
[I ≥ 2σ(I)]

Absorption correction multi-scan multi-scan
Tmin / Tmax 0.22 / 0.32 0.05 / 0.05
Param. refined 296 149
Restraints 0 0
R1 [I ≥ 2σ(I)] 0.040 0.044
wR2 (all data) 0.096 0.115
x (Flack) 0.19(1) –
∆ρfin (max / min), e Å−3 1.28 / −0.77 2.18 / −2.70
CCDC number 854542 854543

on a Finnigan LCQ DecaXPplus ion trap mass spectrometer
with ESI ion source. The electronic spectra were recorded
on a Horiba Jobin Yvon Fluorolog-3 spectrofluorometer. All
emission spectra were corrected for wavelength-dependent
instrument and detector response.

Crystal structure determination

Single-crystal structure analyses were carried out on a
Bruker Smart X2S diffractometer operating with MoKα ra-
diation (λ = 0.71073 Å). Crystal data and numbers perti-
nent to data collection and structure refinement can be found
in Table 1. The structures were solved by Direct Methods
(SHELXS-97 [24]) and refined by full-matrix least-squares on
F2 (SHELXL-97 [25]). The H atoms were calculated geomet-
rically, and a riding model was applied during the refinement
process.

CCDC 854542 and 854543 contain the supplementary
crystallographic data for 2 and 3. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data request/cif.

1-(2,2′-Diethoxyethyl)-3-methyl-imidazolium bromide, 1

A Pyrex tube was charged with 1-methyl-imidazole
(1.08 g, 13.2 mmol) and bromoacetaldehyde diethyl acetal
(2.39 g, 12.2 mmol). The mixture was heated to 80 ◦C and
stirred for 2 d. The reaction mixture was cooled to r. t. and
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washed three times with 10 mL toluene. The highly vis-
cous brownish oil was dried in vacuo. Yield: 87.7 % (3.00 g,
10.7 mmol). – 1H NMR (300 MHz, CDCl3, 30 ◦C): δ = 9.64
(s, 1H, C2ImH), 6.64 (s, 1H, CImH), 6.58 (s, 1H, CImH), 4.50
(t, 3JHH = 4.25 Hz, 1H, CHOO), 4.13 (d, 3JHH = 4.25 Hz, 2H,
NCH2), 3.90 (s, 3H, NCH3), 3.55 (m, 4H, OCH2), 0.83 (t,
3JHH = 7.01 Hz, 6H, CH3). – 13C NMR (300 MHz, CDCl3,
30 ◦C): δ = 137.5, 123.4, 122.9, 99.1, 63.8, 51.5, 36.4, 14.9. –
MS ((+)-ESI): m/z = 199.13 [M]+. – Due to the hygroscop-
icity of the product no reliable elemental analysis could be
obtained.

Bromo-[1-(2,2′-diethoxyethyl)-3-methyl-imidazol-2-
ylidene]silver(I), 2

In a Pyrex tube a sample of 1 (2.95 g, 10.6 mmol) was
dissolved in 5 mL of dichloromethane (DCM). To the re-
sulting solution was added dry Ag2O (1.70 g, 7.33 mmol)
with stirring. After a stirring time of about 3 h at r. t. the
reaction mixture was filtered over Celite. The solvent was
removed in vacuo, and recrystallization of the product from
DCM/diethyl ether afforded colorless needles. Yield: 84.5 %
(3.46 g, 8.96 mmol). – 1H NMR (300 MHz, CDCl3, 30 ◦C):
δ = 7.05 (s, 1H, CImH), 6.87 (s, 1H, CImH), 4.58 (t,
3JHH = 5.00 Hz, 1H, CHOO), 4.11 (d, 3JHH = 4.98 Hz, 2H,
NCH2), 3.78 (s, 3H, NCH3), 3.66 (m, 2H, OCH2a), 3.46
(m, 2H, OCH2b), 1.13 (t, 3JHH = 7.07 Hz, 6H, CH3). –
13C NMR (300 MHz, CDCl3, 30 ◦C): δ = 182.2, 123.0,

121.6, 101.7, 64.2, 54.4, 39.1, 15.3. – MS ((+)-ESI): m/z =
505.33 [(NHC)2Ag]+. – C10H18N2O2AgBr (386.04): calcd.
C 31.11, H 4.70, N 7.26; found C 31.31, H 4.72, N 7.30.

Bromo-[1-(2,2′-diethoxyethyl)-3-methyl-imidazol-2-
ylidene]gold(I), 3

A 10 mL round bottom flask was charged with a sample
of 2 (0.19 g, 0.49 mmol) and 5 mL of DCM. Solid (tht)AuBr
(0.18 g, 0.49 mmol) was added to the solution with stir-
ring whereupon a precipitate of AgBr was formed imme-
diately. After further stirring for about 30 min at ambient
temperature and filtation the solvent was removed in vacuo,
and the remaining solid was recrystallized from DCM/n-
pentane generating colorless needles. Yield 77.6 % (0.18 g,
0.38 mmol). – 1H NMR (300 MHz, CDCl3, 30 ◦C): δ = 7.20
(s, 1H, CImH), 7.01 (s, 1H, CImH), 4.85 (t, 3JHH = 5.05 Hz,
1H, CHOO), 4.16 (d, 3JHH = 5.04 Hz, 2H, NCH2), 3.94 (s,
3H, NCH3), 3.69 (m, 2H, OCH2a), 3.51 (m, 2H, OCH2b),
1.13 (t, 3JHH = 7.05 Hz, 6H, CH3). – 13C NMR (300 MHz,
CDCl3, 30 ◦C): δ = 184.5, 122.9, 122.5, 101.3, 64.0, 54.0,
38.6, 15.5. – MS ((+)-ESI): m/z = 593.47 [(NHC)2Au]+. –
C10H18N2O2AuBr (475.14): calcd. C 25.28, H 3.82, N 5.90;
found C 25.35, H 3.72, N 5.93.
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