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Despite the significant interest, isolable gold(I) ethylene
complexes are exceedingly rare.[1–6] Literature available on
coinage metal (CuI, AgI, AuI) ethylene complexes also gets
increasingly sparse moving down the group towards gold. For
example, Thompson et al. in 1983[7] and our group in 1997[8]

reported the first crystal-structural data on the ethylene
adducts of copper(I) and silver(I), respectively. Since then,
several copper(I) ethylene complexes[9–18] and a few well
authenticated silver(I) ethylene adducts[19–23] have been
described. However with gold(I), even complexes of substi-
tuted olefins are quite limited, and structurally characterized
ethylene adducts are unknown.[3,4, 24–36]

Herein, we report the synthesis and X-ray crystal struc-
tures of two remarkably stable gold(I) ethylene complexes
(Figure 1) that are easily obtained by using tris(pyrazolyl)bo-
rates [HB{3,5-(CF3)2Pz}3]

� (where [HB{3,5-(CF3)2Pz}3]=

hydrotris(3,5-bis(trifluoromethyl)pyrazolyl)borate) and
[HB(3-(CF3),5-(Ph)Pz)3]

� as supporting ligands.[37–39] The
treatment of [HB{3,5-(CF3)2Pz}3]Na with gold(I) chloride
under an ethylene atmosphere led to the gold(I) ethylene
complex [(HB{3,5-(CF3)2Pz}3)Au(C2H4)] (1) in good yield. It
is a colorless solid which does not lose ethylene under reduced
pressure. Crystals of this compound can be handled in open
air for short periods without any apparent signs of decom-
position.

The 1H NMR spectrum of 1 in C6D12 or CDCl3 exhibited a
resonance at d = 3.81 ppm, which could be assigned to the
protons of the ethylene moiety. The 1H NMR spectrum taken
in C6D6 (a p-donor solvent) also displays this peak at d =

3.59 ppm. More importantly, no free ethylene signal
(expected at d = 5.24 ppm in C6D6 under similar condi-
tions)[10] was detected in such solutions. A CDCl3 solution of
1 treated with excess ethylene exhibited two sharp signals at
d = 3.81 and 5.39 ppm for coordinated and free ethylene,

signifying no associative alkene exchange on the NMR time
scale. These NMR data also indicate that the 1H NMR
resonance arising from the ethylene protons shift quite
significantly (Dd(H)= d(H)complex�d(H)ethylene =�1.6 ppm)
upfield upon coordination to gold(I). The 13C NMR signal
of the ethylene of 1 in CDCl3 was detected at d = 63.7 ppm
(1JC�H = 165 Hz), which is shifted significantly upfield relative
to that of the free ethylene (d = 123.5 ppm).[10]

The X-ray structure of 1 shows a gold ion with trigonal-
planar coordination geometry bonded to an ethylene in a
typical h2-fashion with Au�C bond lengths of 2.096(6) and
2.108(6) = (Figure 2). The C=C bond of the coordinated
ethylene (1.380(10) =; corrected value for libration 1.381 =)
is slightly longer than that for the free molecule (1.313 =,
corrected for libration).[20, 40] These Au�C and C=C distances
are in good agreement with the calculated values for the
[Au(bipy)(C2H4)]

+ ion (bipy= 2,2’-bipyridine) and the exper-
imental data of the related styrene adducts.[4] The tris(pyr-
azolyl)borate ligand coordinates to gold in k2-fashion with
Au�N distances of 2.221(5) and 2.224(5) =, while the nitrogen
atom (N6) of the free pyrazolyl moiety is 2.710 = away, which
is within the sum of van der Waals radii of Au and N.
However, this does not distort the trigonal-planar geometry at
gold as evident from the sum of angles at Au (359.58).

In solution 1 shows fluxional behavior. For example, we
could not observe different signals for coordinated and free
pyrazolyl moieties in the 1H and 19F NMR spectra taken in
CD2Cl2 even at �80 8C. The signal corresponding to the
ethylene protons appears as a sharp singlet at temperatures
ranging from room temperature to �80 8C (with a minor ca.
0.1 ppm upfield shift). These data suggest that the exchange
between free and coordinated nitrogen atoms is fast on the
NMR time scale even at �80 8C, which is not surprising in
view of the orientation and the close proximity of the free
pyrazolyl arm (see N6 in Figure 2).

Figure 1. Gold(I) ethylene complexes [(HB{3,5-(CF3)2Pz}3)Au(C2H4)]
(1) and [(HB{3-(CF3),5-(Ph)Pz}3)Au(C2H4)] (2).
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Considering the relatively high stability of 1, we decided
to explore the chemistry of gold ethylene complexes of
various other tris(pyrazolyl)borates. Accordingly, we pre-
pared [(HB{3-(CF3),5-(Ph)Pz}3)Au(C2H4)] (2) using the cor-
responding sodium salt, AuCl, and ethylene. Complex 2 is a
thermally stable colorless solid. It did not show signs of
decomposition even after exposure to air and indoor light for
several days. Like 1, complex 2 is soluble (albeit to a lesser
degree) and fairly stable in nonpolar hydrocarbons, such as
pentane and hexane. These adducts are also soluble in
solvents such as benzene and chloroform, but solutions
darken after several hours at room temperature. In its 1H
and 13C NMR spectra, 2 displays the resonances of the
ethylene protons and carbon atoms at d = 3.69 ppm (Dd(H)=

�1.7 ppm) and 59.3 ppm, respectively. We have also treated
CDCl3 solutions of 2 with excess ethylene. The 1H NMR
spectrum of this mixture at room temperature shows two
sharp signals, one at the coordinated ethylene chemical shift

value of the gold adduct (d = 3.69 ppm) and the second peak
at d = 5.39 ppm corresponding to the free ethylene.

X-ray analysis revealed that 2 has a three-coordinate,
trigonal planar gold site (Figure 3). The donor nitrogen atom in
the free pyrazolyl arm (N6) of the k2-bonded tris(pyrazolyl)-
borate lies at a distance of 2.750 =. The Au�C (2.093(5),
2.096(5) =) and C=C (1.387(9); corrected value for libration=

1.388 =) distances of 2 are very similar to those observed for 1,
but the Au�N bond lengths are marginally shorter.

Complex 1 completes the isoleptic, coinage-metal–ethyl-
ene adducts the [(HB{3,5-(CF3)2Pz}3)M(C2H4)]

[8,10] (M=Cu,
Ag, Au) series. Therefore, it is now possible for the first time
to examine group trends using these well characterized
molecules. The M�C and M�N distances of the [(HB-
{3,5-(CF3)2Pz}3)M(C2H4)] complexes follow the same trend
(e.g., Cu�C<Au�C<Ag�C) as the covalent radii of MI.[41,42]

The 1H NMR spectra of CDCl3 solutions of the copper and
silver analogues show the ethylene signal at d = 4.96 and
5.56 ppm, respectively (which correspond to Dd(H) of �0.4
and 0.2 ppm). Thus the gold ethylene adduct shows the largest
upfield shift of the ethylene protons. The upfield shift of the
13C NMR resonance is also high compared to other coinage-
metal family members (i.e., Dd(C) (d(C)complex�d(C)ethylene)
for Cu, Ag, and Au are �34.4, �18.6, �59.8 ppm, respec-
tively). The upfield shift of the 13C and 1H NMR resonance of
ethylene signal has been attributed to the increased metal-to-
ethylene p-back-donation contribution.[4,12] Thus, these NMR
data point to a significantly higher p-back-donation compo-
nent in the gold(I)–ethylene bond than in the lighter
members, and are in good agreement with the latest computa-
tional work and NMR spectroscopic studies of gold(I)
ethylene adducts.[4]

In conclusion, we describe the isolation and structural
characterization of the first thermally stable, neutral gold(I)

Figure 2. Top: ORTEP diagram of 1 (thermal ellipsoids set at 35%
probability). Bottom: a view showing trigonal-planar coordination
environment of the gold atom (fluorine atoms omitted for clarity).
Selected bond lengths [E] and angles [8]: Au–C17 2.096(6), Au–C16
2.108(6), Au–N4 2.221(5), Au–N2 2.224(5), N1–B 1.564(7), N3–B
1.568(10), N5–B 1.565(9), C16–C17 1.380(10); C17-Au-C16 38.3(3),
C17-Au-N4 116.8(2), C16-Au-N4 154.6(2), C17-Au-N2 156.4(2), C16-
Au-N2 118.3(2), N4-Au-N2 86.05(16).

Figure 3. ORTEP diagram of 2 (thermal ellipsoids set at 35% proba-
bility). Selected bond lengths [E] and angles [8] Au–C31 2.093(5), Au–
C32 2.096(5), Au–N2 2.175(4), Au–N4 2.205(4), N1–B 1.558(7), N3–B
1.558(6), N5–B 1.544(7), C31–C32 1.387(9); C31-Au-C32 38.7(2), C31-
Au-N2 156.3(2), C32-Au-N2 117.8(2), C31-Au-N4 116.12(19), C32-Au-
N4 154.7(2), N2-Au-N4 87.13(14).

Angewandte
Chemie

7815Angew. Chem. Int. Ed. 2007, 46, 7814 –7816 � 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


ethylene adducts. These adducts feature k2-bonded tris(pyr-
azolyl)borate ligands.[43] The proton and carbon NMR signals
of the ethylene unit show notable upfield shifts upon
coordination to AuI. We are currently examining the ligand
exchange chemistry and catalytic properties[44,45] of gold(I)
tris(pyrazolyl)borates.

Experimental Section
1: X-ray quality crystals were obtained from hexane solution
saturated with ethylene at �20 8C. M.p.: the Crystal darkens at
65 8C and melts completely at 105 8C with decomposition. 1H NMR
(300.53 MHz; CDCl3, 298 K): d = 3.81 (s, 4H, CH2=CH2), 6.97 ppm (s,
3H, 4-CH); 1H NMR (300.53 MHz; C6D6, 298 K): d = 3.59 (s, 4H,
CH2=CH2), 6.25 ppm (s, 3H, 4-CH); 1H NMR (300.53 MHz; C6D12,
298 K): d = 3.81 (s, 4H, CH2=CH2), 6.86 ppm (s, 3H, 4-CH). 13C NMR
(75.57 MHz; C6D12, 298 K) selected: d = 63.4 ppm (t, 1JCH = 163 Hz,
CH2=CH2).

13C NMR (75.57 MHz; CDCl3, 298 K) selected: d =
63.7 ppm (t, 1JCH = 165 Hz, CH2=CH2). X-ray data; C17H8AuBF18N6,
monoclinic, P21/n ; 100 K; a= 8.7827(3), b= 20.0745(8), c=
14.0504(5) =, b = 90.060(1)8, V= 2477.20(16) =3, Z= 4; R1, wR2
(I> 2s(I))= 0.0312, wR2= 0.0819.

2 : X-ray quality crystals were obtained from a hexane solution
saturated with ethylene at�20 8C.M.p. white powder darkens at 75 8C
and melts completely at 98 8C with decomposition. 1H NMR
(300.53 MHz, CDCl3, 298 K): d = 3.69 (s, 4H, CH2=CH2), 6.56 (s,
3H, 4-CH), 6.88 (d, 3J= 8.3 Hz,Ph), 6.95 (t, 3J= 8.3 Hz,Ph), 7.23 ppm
(m, Ph). 13C NMR (125.77 MHz, CDCl3, 298 K): selected d =
59.3 ppm (t, 1JCH = 165 Hz, CH2=CH2).

19F NMR (470.62 MHz,
CDCl3, 298 K): d =�61.4 ppm (s). X-ray data; C32H23AuBF9N6,
orthorhombic, Pna21; 100 K; a= 23.1405(9), b= 9.7956(4), c=
13.8399(6) =, V= 3137.2(2) =3, Z= 4; R1, wR2 (I> 2s(I))= 0.0247,
wR2= 0.0571.

Further details of the synthesis, characterization, and additional
figures and X-ray crystallographic data tables are given in the
supporting materials. The CCDC-648451 (1) and CCDC-648452 (2)
contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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