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The ruthenium complex [Ru(II)(Tp)(Cl)(PPh3)(CH3CN)] (3) [Tp = hydrotris(pyrazolyl)borate]| contains substi-
tutional ligands, acetonitrile and chloride, and serves as a starting material for the synthesis of new ruthenium
complexes. We found that water was also involved in reactions and formed the alkenyl ketone compound
[Ru(Tp)(PPh3)(C(CH,Ph) = CHC(O)Ph)] (4) and the acyl complex [Ru(Tp)(PPh3)(C(O)CH,(CsHs)F)] (5). We
suggest that water could be an impurity in the solvent, methanol. Methanol cannot be purified before a synthesis

ﬁ?:g?ﬁ;le procedure, and water is more reactive than methanol. In order to have a better understanding on those new
Terminal alkynes ruthenium complexes, the density functional theory (DFT) has been carried out at the PBE/DZVP level on the pro-
Water posed mechanisms of the selected reactions. For the reactions of compound 3 with methyl propiolate or ethyl
Methanol propiolate in the presence of methanol, the solvent can be the nucleophile, and a similar observation can be

Density functional theory (DFT)

seen if methanol is replaced by ethanol.

© 2011 Elsevier B.V. All rights reserved.

Ruthenium vinylidene complexes have attracted a great deal of at-
tention due to developing new types of organometallic intermediates
[1]. Those organometallic intermediates could have various unusual
reactivities [2]. In the past decades, people are interested in the chem-
istry of the ruthenium complexes which contain Cp ligands. We used
Tp ligand instead of Cp ligand owing to its strong o-bonding and
more steric effect [3]. Herein we report the synthesis procedure of
the [Ru(Il)(Tp)(Cl)(PPh3)(CH5CN)] (3) and new ruthenium com-
plexes. The proposed mechanisms for reactions of 3 with selected ter-
minal alkynes under mild conditions are discussed. In addition, the
computational method has been used to investigate the proposed
mechanisms of two intermediates with methanol and water.

According to a literature procedure [4] and our own synthesis
procedure, the compound 3 could be obtained. Treatment of 3 with
phenylacetylene afforded the complex alkenyl ketone compound
[Ru(Tp)(PPh3)(C(CH,Ph) =CHC(O)Ph)] (4) (Scheme 1). A reliable
mechanism is proposed in Scheme 2. Initially, the compound 3 reacts
with phenylacetylene and forms ruthenium vinylidene complex. The
acetonitrile is eliminated, and another phenylacetylene coordinates
to the ruthenium vinylidene complex. The phenylacetylene migrates
to C, in the ruthenium vinylidene complex. The C=C bond reacts
with Cy and forms C=C owing to electrophile of vinylidene group,
and then H,0 reacts with the complex and forms an intermediate
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which contains a hydroxyl group. A pair of electrons on the hydroxyl
group migrates to C, and forms a C=0 bond, and H migrates inser-
tion to Cy and forms a C-H bond. Finally, oxygen coordinates to
ruthenium and forms the compound 4.

In addition, the density functional theory [5-6] (DFT) has been
used to explore the proposed mechanism. In order to reduce compu-
tational cost, Ph ligands on phosphorus were replaced by H. The
calculations were done with the functional of Perdew, Burke and
Ernzerhof [7-8] (PBE). The DZVP basis set [9-10] was used for all
atoms. All calculations were performed by employing Gaussian 03
program [11]. The calculated potential energy surfaces of the reac-
tion of the intermediate ([Ru](CCHPh)(CCPh)) with water and meth-
anol are shown in Fig. 1. The intermediate reacts with H,0 and form a
stable complex, and it is exothermic of 3.8 kcal/mol at 298 K. Com-
plex formation is followed by hydrogen transfer from water to a
carbon, leading to a C-H bond formation. The reaction barrier is pre-
dicted to be 41.5 kcal/mol, and the overall reaction is slightly exo-
thermic. Thus the reaction will proceed to a reasonable extent at
processing temperature. Similar observation can be seen on the in-
termediate reacting with methanol. From our calculation results,
we suggest that water is slightly easier to react with the intermediate
than methanol due to forming stable complex and more exothermic
reaction energy.

Reaction of 3 with 1-ethynyl-4-flourobenzene gave the acyl com-
plex [Ru(Tp)(PPhs3)(CH3CN)(C(O)CH,(CeHs)F)] (5). The proposed
mechanism is shown in Scheme 3. The compound 3 reacts with 1-
ethynyl-4-flourobenzene in the presence of methanol and forms
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Scheme 1.

ruthenium vinylidene complex. Lone pair on H,O reacts with Cq
and forms an intermediate with a hydroxyl group. HCl is eliminated
from the intermediate, and the compound 5 is formed. The calculat-
ed potential energy surfaces of the reaction of the intermediate
[Ru(Tp)(PPh3)(CH3CN)(=C=CH(CgHs)F)]Cl with water and metha-
nol are shown in Fig. 2. The intermediate reacts with H,O and forms a
stable complex, and this step is exothermic by 8.0 kcal/mol at 298 K.
Complex formation is followed by hydrogen transfer from water to
a carbon, leading to a C-H bond formation. The reaction barrier for

the H transfer from the complex is 41.0 kcal/mol. The overall reac-
tion is exothermic of 35 kcal/mol. Similar observation can be seen
on the reaction of the intermediate with methanol. Initially, the in-
termediate reacts with methanol and forms a stable complex. This
step is exothermic by 7.6 kcal/mol at 298 K and is slightly less than
the reaction of the intermediate with water by 0.4 kcal/mol. The re-
action barrier for the H transfer from the complex is 37.6 kcal/mol
and is slightly lower than the reaction of the intermediate with water
by 3.4 kcal/mol. The overall reaction is exothermic by 30.7 kcal/mol
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