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A straightforward and efficient synthetic route to novel Ru V-
heterocyclic carbenes (NHC) complexes by transmetallation of

non-bulky  silver @ NHC to  ruthenium  dicarbonyl
tetraarylcyclopentadienone is described. The same procedure
with sterically demanding NHC leads to unprecedent

heterobimetallic Ru-Ag(NHC) complexes.

Ruthenium based N-heterocyclic carbene complexes are among the
most versatile homogeneous catalysts. In addition to the well-known
second generation Grubb’s metathesis catalysts,' Ru(NHC) catalysts
have found application in a broad variety of reactions,? including;
transfer hydrogenation,® hydrogenation of olefins* and esters,’
asymmetric hydrogenation,” amide synthesis from alcohols and
nitriles,” dehydrogenation of esters and imines from alcohols,®
racemization of chiral alcohols,” alcohol'® and water oxidation.''
Moreover, Ru(NHC) are also employed in medical and material
science as potential antitumoral drugs,' and in the development of
sensitizers.”> From a more general perspective N-heterocyclic
carbenes (NHCs) are widely documented as ubiquitous ancillary
ligands due to their strong coordination ability and the tuneable
character of their steric and electronic properties.'*

Another class of versatile ligands 1is represented by
tetraarylcyclopentadienones, which behave as non-innocent ligands
in reactions promoted by the well-known ruthenium based Shvo
catalyst."

Since our research interests recently focused on both N-
heterocyclic carbenes'® and cyclopentadienone ligands,'” we
wondered about the possibility to exploit both ligands in the
preparation of novel Ru(0) complexes. Indeed, most of the literature
on Ru(NHC) complexes, is based on Ru(Il), whereas the chemistry
of Ru(0)(NHC) is essentially limited to the combination of NHCs (or
their precursors) with Ru3(CO);, and Ru(CO),(PPh;);."®

We herein report the sterically driven synthesis of ruthenium(0)
and ruthenium-silver dicarbonyl tetraarylcyclopentadienone N-
heterocyclic carbene complexes.

This journal is © The Royal Society of Chemistry 2012

S. Zacchini,”

V. Zanotti,” M. C. Cassani® and R. Mazzoni®

As a first step, we prepared a small library of variously encumbered
imidazolium salts, by following procedures reported in the literature
(Chart 1, ESI)
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Chart 1 Imidazolium salts precursors of NHC ligands.

At a later stage, imidazolium salts 1a-e have been reacted with Ag,0
and the corresponding silver complexes (2, ESI) directly treated in
situ  with the dimeric precursor dicarbonyl(n*-3,4-bis(4-
methoxyphenyl)-2,5-diphenylcyclopenta-2,4-dienone) @3). A
quantitative and instant transmetallation reaction leads to the
formation of the neutral Ru(0) complexes 4a-e (Scheme 1). The
reaction is general with non-bulky N-heterocyclic carbenes and
tolerant to functional groups, in fact it occurs in the presence of a
primary alcohol in the lateral chain (1d to 4d) without the need of
protection. The synthesis of 4a-e has been followed by IR
spectroscopy observing in all the cases a lowering in the CO
stretching frequencies (e.g. 4a: v(CO) = 2004, 1945 cm™ vs. 3: 2018,
1967 cm™) due to the strong o donor properties of N-heterocyclic
carbenes. IR spectra are very similar for complexes 4a-c, whereas, in
the case of the hydroxyl-functionalized complex 4d, increased
frequency for terminal CO and lowering of cyclopentadienone v
C=0 are observed [v(CO) = 2011, 1952 cm™; v(C=0) = 1558 cm’!
vs. 1586 cm’' for 4a] which is ascribable to the formation of
hydrogen bond between —OH and the carbonyl group, as
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demonstrated by X-Ray diffraction. >C-NMRs show a diagnostic
signal for the Ru-C.upene Within the range 172-173 ppm and
molecular ions of complexes 4a-e are detectable by ESI-MS (ESI).
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Ph
MeOCgH, =0 co
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Scheme 1 Synthesis of dicarbonyl-cyclopentadienone-N-heterocyclic carbene
ruthenium complexes (4a-e).

Complexes 4a, 4b and 4d have been also characterized by X-Ray
diffraction studies. The molecular structure of 4a is reported in Fig.
1, whereas those of 4b and 4d as well a list of their main bonding
parameters are given as Supporting Information (Figs. S1 and S2,
Table S1). The three complexes display almost identical structures,
apart from the different substituents on the N-heterocyclic carbene
ligand. The Ru(1)-C(3) distance [2.471(3) A in 4a] is significantly
longer than Ru(1)-C(4-7) [2.206(3)-2.274(3) A, average 2.238(7) A
in 4a] and C(3)-O(3) [1.247(4) A] is essentially a double bond.'® The
Ru(1)-C(34) contact [2.118(4) A] is in the typical range for the
interaction between Ru(0) and a N-heterocyclic carbene.'®*

C(36)

Fig. 1 ORTEP drawing of 4a. Displacement ellipsoids are at the 30%
probability level. H-atoms have been omitted for clarity. Selected bond
lengths (A): Ru(1)-C(1) 1.892(5), Ru(1)-C(2) 1.881(5), Ru(1)-C(3) 2.471(3),
Ru(1)-C(4) 2.263(3), Ru(1)-C(5) 2.206(3), Ru(1)-C(6) 2.211(3), Ru(1)-C(7)
2.274(3), Ru(1)-C(34) 2.118(4), C(3)-O(3) 1.247(4).

The use of the more sterically hindered imidazolium salts 1f-1 led to
the unexpected hitherto unreported heterodimetallic ruthenium-silver
complexes of type 5 (Scheme 2). As reviewed by Kuhl*
implications of the wingtip groups in N-heterocyclic carbene
complexes are normally ascribable to steric factors, and this is also
our case, in that encumbrance arise by both the
tetraarylcyclopentadienone and the N-heterocyclic carbene moiety.
On the other hand, a possible role of the donor properties of NHCs,
in addition to their steric effects should not be excluded. Indeed,
NHCs with bulky substituents generally display better donor
properties, as evaluated by TEP wvalues (Tolman Electronic
Parameters).”’ For example, 1g containing t-butyl groups is a better
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donor compared to 1a, containing methyls.”'* A combination of
these steric and electronic effects might increase both stability and
inertness of the silver complexes intermediates (in case of 2f-1) and
consequently disfavor carbene transmetallation compared with
halide coordination. If this hypothesis is realistic the observed
formation of bimetallic products, in the case of bulky NHCs, should
be the consequence of both steric congestion at the ruthenium
products and lower tendency to transmetallation of the silver
intermediates.

This remarkable reactivity is likely to be favored by the
formation of a Ru-Cl-Ag bridge and by the concomitant interaction
between the silver metal and the carbonyl of the cyclopentadienone.
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Scheme 2 Synthesis of heterodimetallic Ru-Ag complexes (5f-1).

The dinuclear complexes 5f-1 have been characterized by IR, 'H and
BC-NMR and ESI-MS (ESI). Suitable crystals for X-Ray diffraction
have been obtained for Sf[Cl]. FT-IR CO stretching frequencies are
in the range 2013-2014 and 1953-1955 cm™', while at the *C-NMR
spectra the Ag-C,pene resonates as a doublet of doublet (e.g. 5f[Cl]:
188.6 ppm; dd, J (‘" Ag-">C) =271 Hz; J (‘®Ag-"C) = 235 Hz).

The structure of 5f[Cl] has been crystallographically determined
(Fig. 2 and Table S2). This is composed by a
RuCIl(CO),(tetraarylcyclopentadienone) moiety chelating on the
Ag(N-heterocyclic carbene) via O(3) and CI(1). The C(3)-O(3)
distance [1.248(7) A] is almost identical to the one found in 4a
[1.245(4) A] retaining its double bond character and suggesting a
dative bond between O(3) and Ag(1).

Fig. 2 ORTEP drawing of 5f[Cl|. Displacement ellipsoids are at the 30%
probability level. H-atoms have been omitted for clarity. Selected bond
lengths (A): Ru(1)-C(1) 1.877(8), Ru(1)-C(2) 1.864(8), Ru(1)-C(3) 2.425(6),
Ru(1)-C(4) 2.251(6), Ru(1)-C(5) 2.199(6), Ru(1)-C(6) 2.193(6), Ru(1)-C(7)
2.243(6), Ru(1)-CI(1) 2.4379(17), C(3)-O(3) 1.248(7), Ag(1)-O(3) 2.222(4),
Ag(1)-CI(1) 2.6277(18), Ag(1)-C(34) 2.090(6).

This journal is © The Royal Society of Chemistry 2012
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Once investigated the substrate scope, we have extended our studies
to copper. The reaction between 1,3-di-(2,6-
diisopropylphenyl)imidazole-2-ylidene copper chloride and 3
confirmed the same reactivity as demonstrated by X-Ray crystal
structure of the Ru-Cl-Cu-O complex 6 (Figure S3 and Table S2).

Ph
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) e
PR . MmeoCH; | Ph o, N
N7 N CH2C|21 r.t. OC\\\"I}u\CI/ YJ
iPr \—/ iPr 1h oC iPr N

6
iPr
Scheme 3 Synthesis of heterodimetallic Ru-Cu complex (6).

The heterodimetallic complexes 5 and 6 are stable in the solid state,
while in solution they decompose in more than 24h.

In summary, a very efficient and rapid synthetic route for
obtaining novel Ru(0) complexes, which combine N-heterocyclic
carbenes and tetraarylcyclopentadienone ligands, has been found.
The reaction scope is general and transmetallation proved to be
tolerant to primary alcohol. A role of the steric hindrance of the
ligands has been observed leading to the remarkable formation of
heterobimetallic complexes containing both Ru and Ag or Cu. The
novel synthetic methods for the preparation of complexes of type 4,
5 and 6 pave the way for future developments in both homogeneous
catalysis and medical applications.
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A sterically driven synthetic route from non-bulky silver NHC to novel Ru(NHC) complexes and
from bulky Ag(NHC) to unprecedent heterobimetallic Ru-Ag(NHC) complexes is presented.

Ph

Ph

MeOCH, O . MeOCgH, —O\ Re
MeOCsHavﬁlu Ph ,4 MeOCgHy R|u Ph Ag '!‘
oC >
oc Y oc¥d N g /;
NS oC N
R; R

Non-bulky NHCs Bulky NHCs



