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A variety of trinuclear, tetranuclear and octanuclear chalcogenido compounds of molybdenum and
tungsten that are supported by PMes ligands has been synthesized and structurally characterized by
X-ray diffraction. For example, the tetranuclear sulfido cluster, Mo4Se¢(SH),(PMes)s, has been obtained
by reaction of Mo(PMej3)s with H,S, while the trinuclear selenido and tellurido compounds, MosSes(PMes)g
and MosTes(PMes)s, may be obtained by thermolysis of Mo(PMe3)4Se; and Mo(PMes)4Te,, respectively. In
contrast to the formation of a trinuclear compound analogous to MosEs(PMes)s (E = Se, Te), thermolysis
of the tungsten complex, W(PMes),S,, produces the octanuclear sulfido cluster, WgS;6(PMe3);0. Of these
compounds, Mo4Seg(SH)>(PMe3)s and WgS;5(PMes) o possess M:S stoichiometries of 1:2 and so may be
regarded as molecular derivatives of the respective disulfides, MS,, which are important components of

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Hydrodesulfurization (HDS) and hydrodenitrogenation (HDN),
which respectively remove sulfur- and nitrogen-containing
impurities from crude petroleum feedstocks, comprise the largest
volume catalytic application of transition metals [1-3]. Such
processes are essential because these impurities have serious envi-
ronmental impacts that result from the formation of sulfur and
nitrogen oxides during combustion. Furthermore, the removal of
sulfur- and nitrogen-containing impurities is important because
they are catalyst poisons that prevent crude feedstocks from being
used for subsequent chemical transformations. The catalysts
employed for hydroprocessing are typically cobalt- or nickel-pro-
moted MoS, or WS, supported on Al,Os [1], and although general
features pertaining to the mechanisms of HDS and HDN are appre-
ciated, detailed aspects of the transformations are not known with
certainty because of the heterogeneous nature of the reactions [4].
For this reason, it is of considerable benefit to investigate the
reactivity of homogenous small molecule systems [5] and, in this
regard, we have employed molybdenum and tungsten compounds,
such as Mo(PMes)s [6], W(PMejs)s(n2-CH,PMe,)H [7] and
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[Me,Si(CsMey4)>]MoH; [8], to emulate transformations that pertain
to HDS and HDN. Here we describe the molecular structures of
molybdenum and tungsten chalcogenido compounds that bear
relationships to MoS, and WS,.

2. Results and discussion

We have previously reported the terminal sulfido compounds,
Mo(PMe3)4S, [9-11] and W(PMes)4S, [11-13], which are of inter-
est because they may be viewed as soluble molecular adducts of
MoS, and WS,. In addition, these compounds are noteworthy
because they possess rare examples of “pure” M=S double bonds,
as opposed to the more commonly encountered M =S" triply
bonded form [11]. We have now examined these systems in
more detail and describe here the formation of small molybdenum
and tungsten chalcogenido clusters that are supported by PMe;
ligands.

2.1. Molybdenum chalcogenido clusters supported by PMe;s ligands

Our earlier studies demonstrated that the terminal sulfido
compound, Mo(PMe3)4S,, can be obtained from Mo(PMes)s [14]
via a sequence that involves (i) conversion of Mo(PMes)s to
Mo(PMes;)4(12-CH,PMe,)H, (ii) reaction of Mo(PMes)4(12-CH,PMe,)H
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Scheme 1. Synthesis of Mo(PMe3),S,.

with H,S at —78 °C to generate Mo(PMes)4H,(SH),, and (iii) elimina-
tion of H, from Mo(PMes)4H,(SH), at room temperature (Scheme 1)
[9]. This three-step sequence was employed because Mo(PMes),4S,
was not obtained cleanly by the direct reaction between Mo(PMes)s
and H,S [9]. It is, therefore, of note that we have re-examined
the reaction between Mo(PMes)s and H,S and have observed that
one of the products is the tetranuclear cluster, Mo4Se(SH),(PMe3)g
(Scheme 2).

The formation of M0,4Se(SH)>(PMej3)g in this system is consistent
with the observations that this cluster has previously been
obtained via the reactions of (i) [NH4]2[Mo0sS(S,)s] with PMes
[15] and (ii) [NH4]2[MoS4] with PMes in the presence of H,S
[10Db]. Also of relevance to the formation of Mo4Se(SH),(PMes)s
upon reaction of Mo(PMes)s with H,S, Rauchfuss has noted that
treatment of [NHy4],[MoS4;] with PMes generates Mo(PMes)sS,
and that the latter reacts with H,S to form Mo,S(SH)s(PMes),,
which ultimately converts to Mo4Sg(SH)>(PMes)g in the presence
of excess H,S [10b]. Since Mo,4Se(SH),(PMe3)s possesses a Mo:S
stoichiometry of 1:2, the cluster can be formally regarded as a
derivative of partially hydrogenated MoS, [16].

The molecular structure of MosSe(SH)>(PMes)g, in the form of
the benzene solvate, has been determined by X-ray diffraction
(Fig. 1) and is similar to other crystalline forms that have been
reported for this compound [10b,15]. Specifically, the four molyb-
denum atoms of Mo4Sg(SH),(PMes)g lie in a plane and are arranged
in a rhombus in which two Mos triangles are bridged by i3-S face-
capping ligands on opposite sides. Furthermore, each edge of the
rhombus is bridged by a p-S ligand, while two of the molybdenum
atoms also possess terminal SH groups. The five Mo-Mo bond
lengths are very similar, ranging from 2.8199(2) to 2.8303(3) A,
and are consistent with their assignment as single bonds [17], as
would be predicted on the basis of it being an electron precise clus-
ter [18,19] possessing the same number of skeletal valence
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Fig. 1. Molecular structure of Mo4Se(SH),(PMe3)s.
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Fig. 2. A structure-bonding representation for Mo4Se(SH)2(PMes)g that is consistent
with the presence of five Mo-Mo bonds.

Table 1
Molybdenum and tungsten sulfido and hydrosulfido clusters supported by PR3
ligands.

Compound Mo,S,H? composition Mo,S,H ratio Reference
MogS10(SH)2(PEts)s  MogSi2Ha MoS;Ho .33 [15]

MogSs(PRs)s MogSs MoS; 33 [21,24]
Mo12S16(PR3)10 Mo15S16 MoS; 33 [21,24]
Mo4Se(SH)>(PMes)s  Mo4SgH> MoS,Hg 5 [10b,15], this work
Mo6S10(SH)2(PEts)s  MogS10H2 MoS;.67Ho33 [15]

MosSs(PMes)s MosSs MoS; 67 [25]
WsS16(PMes)10 W;sSi6 WS, this work
W,S6(SH)2(PMe,Ph)s W4SsH> WS,Hos [44]
W,Sg(PMe,Ph), W,Se WSi5 [44]

2 Number of hydrogen atoms attached to sulfur.
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Scheme 2. Formation of Mo4Se(SH),(PMes)s.

Please cite this article in press as: A. Sattler, G. Parkin, Polyhedron (2014), http://dx.doi.org/10.1016/j.poly.2014.06.019



http://dx.doi.org/10.1016/j.poly.2014.06.019

Download English Version:

https://daneshyari.com/en/article/7765780

Download Persian Version:

https://daneshyari.com/article/7765780

Daneshyari.com


https://daneshyari.com/en/article/7765780
https://daneshyari.com/article/7765780
https://daneshyari.com

