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Ru(Il) complexes with two chelating di-N-heterocyclic carbenes (NHC) and two acetonitrile ligands
(NHC = 1,1’-dialkyl-3,3’-methylene-diimidazol-2,2’-diylidene, and alkyl = methyl and n-butyl) were syn-
thesized and structurally characterized. The crystal structures of the complexes determined by X-ray dif-
fraction analyses show that the Ru(ll) center is bound to two bidentate carbene ligands and two
acetonitrile molecules, forming a distorted octahedron. The complexes prove to be an efficient catalyst
having exceedingly high turnover frequencies and good reusability in transfer hydrogenation of ketones.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

N-Heterocyclic carbene (NHCs) have emerged as an important
class of ligand in organometallic chemistry and homogeneous
catalysis [1]. They constitute a sterically and electronically tunable
ligand set to stabilize and activate metal center and, moreover they
have been identified as a competent alternatives for organophos-
phines [2]. So far many efficient NHC-based catalysts have been
developed for wide range of organic transformations [3,4]. A major-
ity of NHC ligands used in catalytic applications coordinate to the
transition metal center in a monodentate fashion. Chelating bis-
NHCs in general are of great interest since they tend to extend
the range of possible NHC ligands and allow the delicate tuning of
topological properties such as steric hindrance, bite angle, and flux-
ional behavior, which would provide a new dimension in the prep-
aration of new catalysts with high thermal and air stabilities [4,5].

Ru(II)-NHC complexes have demonstrated good catalytic activity
in hydrogen transfer reactions [6], racemization of chiral alcohols
[7] and asymmetric reductions [8]. Although ruthenium-phosphine
complexes displayed extremely high catalytic performance, practi-
cal difficulties such as air/moisture sensitivity, as well as possible
catalytic degradation have driven chemists to use the stable me-
tal-NHC complexes as alternative catalysts. Ruthenium complexes
with N-functionalized chelate carbene ligands have demonstrated
to be stable and effective in transfer hydrogenation of ketones
[9-11]. Despite of rich catalytic activity of ruthenium complexes
towards transfer hydrogenation reactions, the complexes of this
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metal are mainly centered on the pyridine-bridged pincer bis
carbene ligands [9]. Some ruthenium complexes with chelating
bis-NHC ligands have been recently described with interesting
applications in transfer hydrogenation of ketones [11]. Recently
we reported that a palladium complex bearing bis-chelate tetracar-
bene ligands showed excellent stability and proved to be an effi-
cient catalyst for Heck reaction [12]. To extend this work we
synthesized the first ruthenium complex with bis-chelate
tetracarbene ligands and two acetonitrile ligands [Ru(RCC™et™),
(CH3CN),;](BF4),, R=Me and n-Bu, which proved to be an excel-
lent catalyst for transfer hydrogenation of ketones with high
recyclability.

2. Results and discussion
2.1. Preparation of [Ru(®*CCR),(CHsCN),](BF,), complexes

Silver transfer route [13] was employed to synthesize the ruthe-
nium(II) bis-chelate tetracarbene complex (Scheme 1). The biden-
tate NHC precursor 1,1’-dialkyl-3,3’-methylenediimidazolium
dichloride (RCC™e™-H,)Cl,, reacted readily with Ag,0 in an aque-
ous solution to yield a Ag(I)-NHC complex, which was isolated as
the BF,~ salt [Ag,(RCC™™),](BF,),, to avoid the interference of
AgX,~ /X~ ions [12,13b]. The formation of [Ag,(RCCR),](BF4), com-
plex was confirmed by the disappearance of the imidazolium
C2-H resonances in the 'H NMR spectrum.

Further reaction of the [Ag,(RCC™e™),](BF,), with [RuCl,(COD)],
(COD = 1,5-cyclooctadiene) in CH5CN yielded an air stable complex
[Ru(RCC™ethy),(CH5CN),|(BF,) in high yield. '*C NMR resonances at
188.5 (R=Me) and 187.6 (R = n-Bu) ppm which are characteristic
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Scheme 1. Synthesis of the [Ru(RCC™e™),(CH3CN),](BE,),.

resonances corresponding to the carbenoid C2 carbon in Ru-NHCs
supports the formation of [Ru(RCC™e™)),(CH3CN),](BF,),. The 'H
NMR spectrum of [Ru(MeCC™e™)),(CH3CN),](BE4)> shows two sets
of doublet resonances at 6.33 and 6.22 ppm with a coupling con-
stant of Jy_y =13.1 Hz due to the diastereotopic meylene linker
that arises upon complexation due to the twisted conformation
[14]. Similar resonances were also obtained in the '"H NMR spec-
trum of [Ru(B“CC™e™)),(CH5CN),](BE,),, which shows two sets of
doublet at 6.61 and 6.47 ppm with a coupling constant of Jy_
n=13.5 Hz.

2.2. Crystal structures of [Ru(MeCC™™" ),(CH5CN),](BFy)>

single crystals of [Ru(MecC™ethe),(CH;CN),](BF4), and
[Ru(BuCcC™eth),(CH3CN),](BE,), suitable for X-ray diffraction
studies were obtained by the slow diffusion of diethyl ether into
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acetonitrile solution of the complexes. The molecular structure of
[Ru(MeCC™ethy,(CH3CN),](BF,), is shown in Fig. 1. The complex
crystallized in the monoclinic crystal system with the P2/c space
group. The structure analysis shows that it is a mononuclear Ru(II)
complex with two chelating bis-carbene ligands and two mutually
trans acetonitrile ligands. Each chelated bis-carbene constructed a
six membered ring upon coordination and the Ru(Il) center
adopted an octahedral geometry with C-Ru-C bite angles of
83.04(8)° and 83.53(8)°, which are consistent with closely related
structures reported earlier [5d]. The twist angle (34.97-39.90°) of
the heterocyclic rings related to the coordination plane defined
by four coordinated carbenoid carbons indicate that the conforma-
tion adopted primarily from minimization of Me-Me nonbonding
interactions, thereby leading to the chemically nonequivalent pro-
tons on the methylene linker as observed in the 'H NMR spectrum.
Two acetonitrile ligands are almost perpendicular to the NHC coor-
dination plane [Ru(1)-C(1)-C(10)-C(14)-C(5)] bearing Ru and
bidentate carbene ligands. The C-Ru-N bond angles are ranges
from 86.20(8)° to 93.18(8)° with an average of 90.0°. The bond
lengths of Ru-Cnyc ranges from 2.086(2) to 2.092(2) A with an
average of 2.089 A, slightly shorter than those found in typical
Ru-NHC complexes [5d,9a-9¢,11b,11c]. The Ru-N bond lengths
were found to be Ru(1)-N(9) 2.0258(19)A and Ru(1)-N(10)
2.0285(19) A. A large free space in the vicinity of the two acetoni-
trile ligands, would probably facilitate the substitution of acetoni-
trile ligands by other substrates in the catalytic reaction.

The structural features around the Ru centre in [Ru(B'CC™et™h),
(CH5CN),](BF4), are identical to those in Ru(™MeCC™eth),(CH;CN),
(BE,4),. The molecular structure of [Ru(®“CC™e™),(CH5CN),](BF,), is
shown in Fig. 2. The bond lengths, bond angles, and the conformation
of the complex ions are similar to those of [Ru(MeCC™™),(CH;CN),]
(BF4),. In this case the twist angle (35.99-45.93°) of the heterocyclic
rings related to the coordination plane is greater than that of [Ru(MeCcMe),
(CH5CN),](BF,4), due to the Bu-Bu nonbonding interactions.

2.3. Catalytic transfer hydrogenation of ketones

The complex [Ru(™eCC™e™M),(CH3CN),](BF,4), has been tested
for its catalytic activity towards transfer hydrogenation of
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Fig. 1. The molecular structure of [Ru(MeCC™"),(CH3CN),](BF,), showing the atom labeling scheme without solvent molecules. Selected bond lengths (A) and angles (°):
Ru1-C1, 2.087(2); Ru1-C5, 2.090(2); Ru1-C10, 2.086(2); Ru1-C14, 2.092(2); Ru1-N9, 2.0258(19); Ru1-N10, 2.0285(19); C1-Ru1-C5, 83.04(8); C10-Ru1-C14, 83.53(8); C1-
Ru1-C10, 95.63; C5-Ru1-C14, 97.80(8); C1-Ru1-C14, 178.56(8); C5-Ru1-C10, 178.54(8); N9-Ru1-N10, 178.76(7).
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