
Transition metal N-heterocyclic carbenes derived from imida-
zoles (imidazol-2-ylidenes) with the five-centre π-delocalisa-
tion have attracted significant interest in catalysis,1,2

especially since Arduengo et al.3 opened access to the free
carbenes by deprotonating an imidazolium precursor with the
use of a strong base. The imidazol-2-ylidenes of platinum
group metals [e.g. Rh(I), Ru(II), Pd(II)] have been reported as
efficient catalysts for hydrosilylation, hydrogenation, hydro-
formylation, the Heck reaction,etc.1,2 The corresponding car-
benes of Pt(II), however, have not yet been prepared. 

Ambient temperature molten organic salts (ionic liquids)
comprising mixtures of N,N’-dialkylimidazolium (e.g. 1-
ethyl-3-methylimidazolium, [EMIM]+) chloride and alu-
minium chloride4 find various applications, especially as
versatile solvents for chemical and electrochemical
processes.5 Much current research is focused upon the use of
ionic liquids as solvents for catalytic organic synthesis.6 Ionic
liquids containing transition metal complexes, especially plat-
inum group metal complexes, are of great interest regarding
their potential catalytic applications.6 No attempt, however,
has been made so far to study Pt(II) and Pt(IV) complexes in
ionic liquids.

In this work, we have isolated and characterised by single-
crystal X-ray analysis a novel imidazole-type 16-electron carbene
complex of platinum(II)- cis-(C2H4)(1-ethyl-3-methylimidazol-
2-ylidene)PtCl2 (1). The complex was obtained by reacting a
mixture of PtCl2 and PtCl4 with ethylene (50 atm) in the basic
ionic liquid [EMIM]Cl/AlCl 3 (1.3:1) at 200 oC (eqn 1):

PtCl4 assists the reaction by enhancing the formation of
PtCl4

2– which is likely to be the intermediate in reaction (1).
PtCl2 was found to be insoluble in [EMIM]Cl/AlCl3 but the
addition of a tiny amount of PtCl4 promotes the formation of
PtCl4

2–. The basicity of the ionic liquid [EMIM]Cl/AlCl3 is
essential for reaction (1) to occur. No carbene was formed
when using acidic (1:2) or neutral (1:1) medium, only mix-
tures of [EMIM]2[PtCl4] and [EMIM]2[PtCl6] were isolated.
This is well in line with Arduengo’s work,3 i.e. the basic
medium is required for the deprotonation of imidazolium
cation to proceed. Another important feature is the participa-
tion of ethylene in the reaction. No carbene complex is formed

in the absence of ethylene or at the ethylene pressure below 30
atm. This indicates that the carbene – Pt(II) bond is stabilized
by the alkene, apparently dπ–pπ bonding between the ethyl-
ene double bond and Pt(II) playing a role.

Complex 1 crystallizes from the ionic liquid as shiny brown
rectangular plates. It has a cis arrangement of the chloride lig-
ands and a distorted square planar core geometry (Fig. 1). The
imidazol-2-ylidene ring is planar and twisted by 81.9(4)o rela-
tive to the PtCl2 plane, which is typical of N-heterocyclic car-
bene complexes to relieve steric congestion.1,2 The bond
lengths and angles in the ring are similar to those reported for
other imidazol-2-ylidenes.1,2The Pt–C(carbene) bond length in
1 [1.93(1) Å] seems quite short; it is shorter than in bis(imida-
zol-2-ylidene) of Pt(0) [1.959(8) Å]3d and significantly shorter
than in imidazolidin-2-ylidenes of Pt(II) such as cis-(1,3-
diethylimidazolidin-2-ylidene)Pt(CO)Cl2 [2.01(1) Å],7a cis-
(1,3-dibenzylimidazolidin-2-ylidene)Pt(CO)Cl2 [1.97(1) Å]
and cis-(1,3-dibenzylimidazolidin-2-ylidene)Pt(PPh3)Cl2
[1.970(6) Å].7b The C(2)-C(3) bond in the ring has its typical
length of 1.33(2) Å, which is much shorter than in the 
imidazolidin-2-ylidenes of Pt(II) (1.50–1.51 Å).7b The π-C2H4
group has its normal geometry, being, however,
shifted upwards by ca 5o relative to the PtCl2 plane, which is
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Fig. 1 The structure of 1. Selected bond lengths (Å) and
angles (deg) are: Pt(1)–C(1) 1.93(1), Pt(1)–C(8) 2.14(1),
Pt(1)–C(7) 2.12(2), Pt(1)–Cl(2) 2.300(3), Pt(1)–Cl(1) 2.353(4),
C(2)–C(3) 1.33(2), C(7)–C(8) 1.40(2), C(1)–Pt(1)–C(8) 92.1(6),
C(1)–Pt(1)–C(7) 91.7(5), C(8)–Pt(1)–C(7) 38.3(5), C(8)–Pt(1)–Cl(2)
155.9(5), C(7)–Pt(1)–Cl(2) 165.7(5).



indicative of steric interactions between the Pt-C2H4 group and
the ethyl group of the carbene ligand. There is a significant dif-
ference [0.053(7) Å] between the two Pt-Cl bond lengths in 1,
the bond Pt-Cl(2),trans to the C2H4, being shorter. This may
be attributed to the differing trans influences of the C2H4 and
carbene ligands and/or to steric interactions between the Pt-
Cl(2) bond and the ethyl group of carbene ligand.

In summary, we have isolated a novel N-heterocyclic car-
bene complex of Pt(II) in the reaction of PtCl2 and PtCl4 with
ethylene in the [EMIM]Cl/AlCl3 ionic liquid. To our knowl-
edge, this is the first imidazol-2-ylidene of Pt(II) reported.
Imidazole-type carbenes of Pd(II) have been reported as very
efficient catalysts for the Heck arylation of alkenes.1,2,8

Complex 1 can be regarded as a stable analogue of the π-
alkene-Pd(II)-carbene intermediate in the Heck reaction.

Experimental 

Preparation of 1: Under an atmosphere of dry nitrogen in a glove box,
PtCl2 (0.1 g, 0.376 mmol) and PtCl4 (0.1 g, 0.297 mmol) were dis-
solved at 150oC in basic [EMIM]Cl/AlCl3 ionic liquid (5 ml) in a
glass-lined Parr autoclave. The reactor was charged with ethylene (50
atm) and heated at 200 oC on an oil bath with mechanical stirring for
48 h. On cooling to room temperature the gas pressure was released
and the reaction mixture was filtered overnight inside the glove box.
Brown crystals of pure 1 were obtained (26% yield based on total Pt)
from which a single crystal was selected for X-ray analysis. Anal.
Calcd for C8H14PtCl2N2: C, 23.77; H, 3.49; N, 6.93%. Found: C,
23.8; H, 3.5; N, 6.7%. M.p. 193oC (uncorrected). 1 is insoluble in
water, boiling acetonitrile and in the [EMIM]Cl/AlCl3 ionic liquid.

Preparation of ionic liquids: The acidity of [EMIM]Cl/AlCl3 ionic
liquids depends on the molar ratio of AlCl3 and [EMIM]Cl.5c The
neutral ionic liquid [EMIM]AlCl4 was prepared in a glove box by
slowly adding AlCl3 (9.1 g) to equimolar amount of [EMIM]Cl (10.3
g) with mechanical stirring according to a literature method.4a The
acidic ionic liquid [EMIM]Cl/AlCl3 (1 : 2) was prepared similarly by
reacting AlCl3 (18.2 g) with [EMIM]Cl (10.6 g). The basic ionic liq-
uid [EMIM]Cl/AlCl 3 (1.3 : 1) was made by adding [EMIM]Cl (1.47
g) with stirring to a 10 ml aliquot of the neutral [EMIM]AlCl4 to give
a colourless basic melt. 

Crystal data:C8H14PtCl2N2, M = 404.23, monoclinic space group
P21/c, a = 10.4156(15),b = 7.3421(9),c = 15.613(2) Å, β =
101.525(17)o, U = 1169.(3) Å3, Z = 4,ρcalc = 2.295 g/cm–3, µ(MoKα)
= 11.924 mm–1, T = 293 K. Data were collected on a STOE-IPDS
image plate diffractometer using graphite monochromated MoKα
radiation (λ = 0.71073 Å). Face-indexing routine FACEIT has been
applied for absorption corrections.9 Structure solution and refinement
were carried out using the programme SHELX97.10 Structure refine-
ment by full-matrix least-squares was based on all 1519 unique data
using F2, R1 (F) > 2σ(F) = 0.034,wR2 (all data) = 0.072, max. diff.
peak/hole: 1.175/–0.851 e/Å3.

All non-hydrogen atoms were refined anisotropically. Hydrogen
positions were calculated with C–H distances of 0.99 Å (methylene
C–H), 0.98 Å (methyl C–H) and 0.95 Å (aryl–H), and assigned
isotropic thermal parameters of U(H) = 1.2 Ueq(C) for methylene and

aryl-H positions and U(H) = 1.5 Ueq(C) for methyl-H positions.11 Full
crystallographyc details will be deposited at the Cambridge
Crystallographic Data Centre (CCDC). 
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