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With the advent of increasingly stringent regulations pertaining
to acceptable levels for the sulfur-containing impurities in gasaline,
hydrodesulfurization (HDS) continues to be the largest volume and
most important industrial catalytic application of transition metals.
Thiophenes are some of the sulfur-containing impurities that are
most averse to HDS, being converted to a mixture of butadiene,
butene, and butane under reaction conditions. As such, thiophene
has featured prominently as a target for model stutitéswever,
of the many model studies pertaining to HDS, very few have been
concerned with molybdenum chemistry, despite the fact that this

is the most essential transition metal component of a typical HDS
Figure 1. Molecular structures off-C4HsS)Mo(PMe)2(17>-CH.PMey) and

catalyst‘.‘_F_or this reason, we have recently started to |n\{est|gate (7-CaHsS)Mo(PMe)s(x1-0,CCRy). For the latter complex, the GAC2—
the reactivity of various molybdenum complexes towards thiophenes c3—c4 torsion angle for the latter is 122.4

and observed the first example of-S bond cleavage of thiophene
by a molybdenum compourfdn this paper, we report two other ~ Scheme 1

reactions of relevance to HDS, namely the formation of a S
molybdenum thiophene adduct and a butadieth@élate complex, wlm
the latter resulting from both-€S bond cleavage and hydrogenation MeaP"7 \PMes
of thiophene. PMes s MegP

The paucity of reactivity studies that have achieved3Cbond M%P%M‘O/”PMSS ] }{
cleavage of thiophene and its derivatives by molybdenum com- wegp”” \ eve,  25C s
pounds is not so much the result of a lack of effort, but is rather Fites @ A8
due _to the insgfficient reactivity of the_ molybdenum complexes /hl,o """"""""" onge, SO0 eap—ﬂﬂiiwea
studied® For this reason, we have decided to focus attention on e/ \ ¢ ’ ‘
Mo(PMey)e, Which is a particularly reactive electron-rich compound Phe;  PMes OC(O)CFs

that is subject to numerous ligand displacement and oxidative

addition reactiond Significantly, we have observed that thiophene ~ The molecular structures of the butadiettkiolate complexes
reacts with Mo(PMg) at room temperature to yield the thiophene  (17°-CsHsS)Mo(PMe)2(17>-CH.PMe;) and ¢7>-C4HsS)Mo(PMe)s-
adduct §5-C4H,S)Mo(PMe):# and the butadienethiolate complex ~ («*-O.CCFs) have been determined by X-ray diffraction (Figure
(175-C4HsS)Mo(PMae)(72-CH,PMey), as illustrated in Scheme 1. 1). The structures of these complexes are noteworthy since there
The relative amounts ofyf-C4H,S)Mo(PMe)s and (;5-C4HsS)- are no examples of structurally characterized mononuclear transition
Mo(PMey),(72-CH,PMe) in the product mixture are highly de- metal butadienethiolate complexes listed in the Cambridge
pendent on reaction conditions, with the latter being favored at low Structural Databas¥.Most interestingly, the butadier¢hiolate
temperature. It is important to note that this preference is due to aligands of ¢°>-CsHsS)Mo(PMe)2(n*CH,PMe;) and (°-C4HsS)-

kinetic effect since isolated;§-C4H,S)Mo(PMe); and ¢75-C4HsS)- Mo(PMey)s(i'-O,CCFs) adopt substantially different conformations.
Mo(PMey)2(7%-CH,PMe,) do not interconvert on the time-scale of ~ Thus, the butadienethiolate ligand in ﬁs-CaHss)MO(PM%)z(ﬂz-
the experimen?. This observation supports the notion thgt CH,PMe;) adopts aU-type conformation, whereas that of>

thiophene coordination does not necessarily facilitatS@leavage ~ CaHsS)Mo(PMe)s(«!-O,CCFs) adopts an unusuaj®-sickle con-
and that such adducts may merely represent resting states durindormation:* Other than the geometry, the most notable difference
HDS. between th&J and sickle conformations is the relative planarity of
The formation of §5-C4HsS)Mo(PMe)(7>-CH,PMe) is a result the ligands, with the latter being distinctly nonplanar. To our
of C—S bond cleavage and hydrogenation of the thiophene ligand; knowledge the;>sickle coordination mode has not previously been
the hydrogen necessary for this reduction of thiophene emanatesconsidered for butadierghiolate ligands.
from the PMg ligand, thereby converting it to a cyclometalated ~ While it is the C-S cleavage and hydrogenation of thiophene
n?-CH.PMe, ligand. While this transformation is irreversible, that is the most important observation, it is noteworthy thgt (
protonation of £5-C4HsS)Mo(PMe)(172-CH:PMey) with CFCOH C4HsS)Mo(PMe)s is the first mononuclean®-thiophene molyb-
regenerates the constitution of the PMigand and gives - denum complex to be spectroscopically identifiédt is also
C4HsS)Mo(PMey)3(k-O,CCRs). pertinent to note that previous attempts to synthesize the related
molybdenum carbonyl complex¥$C4H,S)Mo(CO) were unsuc-
* Address correspondence to this author. E-mail: parkin@chem.columbia.edu. cessfult3

4182 m J. AM. CHEM. SOC. 2002, 124, 4182—4183 10.1021/ja0127710 CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

Scheme 2
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The formation of the thiophene adduet{C4HsS)Mo(PMe);
and the butadienrethiolate complexi(>-C4HsS)Mo(PMe)(172-CH,-
PMe) is of potential relevance to HDS, since both thiophene and
butadiene-thiolate species have been invoked as intermediates.
Ascertaining the mechanism for formation of a butadietiéolate
species is of particular interest. Two mechanistic possibilities that
exist in the literature are distinguished according to whetheSC
cleavage occurs prior to addition of hydrogémor vice versd?
with the latter involving the participation of apf-allyl-thioether
intermediate followed by ring openiri§.Regardless of which of
these mechanisms operates, the hydride emanating from thg PMe
ligand would be expected to terminate in the Cdtoup of the
butadiene-thiolate ligand. Accordingly, Rauchfui8sand Angelict?
have reported that the reactions of @Bnd D~ with thiophene
complexes generatg®-butadiene-thiolate ligands in which the
deuterium is located in the terminal GHjroup (anti and syn,
respectively). However, a deuterium labeling study employing
C4,D,S demonstrates that the hydrogen from the Pltgnd is
transferredselectiely to the carbon adjacent to the sulfaf the
n°-butadiene-thiolate ligand of §5-C4sHsS)Mo(PMe),(172-CH,-

PMe,). Such an observation is most unexpected and indicates that

a new mechanism is required to describe the formation of
(17°-C4HsS)Mo(PMe)(72-CH.PMey).

A possible mechanism that accounts for selective transfer of the
hydrogen from the PMgto the carbon adjacent to the sulfit-
butadiene-thiolate ligand is illustrated in Scheme 2 which, for
simplicity, starts with Mo(PMg4(n>-SCH,) as a postulated
intermediate. The essential features of this mechanism are (i)
rearrangement of the metallathiacycle ring to give a molybdenum
alkylidene species with an incipient thioaldehyde fragniéuii)
oxidative-addition of the thioaldehyde—€&4 bond giving a five-
membered metallacycle, (ii}-H migration to the alkylidene carbon
atom, and (iv) a sequence involving hydrogen transfer from the
PMe; ligand to the thioacyl carbon atom via the molybdenum center.
Of these steps, it is the proposed involvement of an alkylidene

species that ultimately enables selective hydrogen transfer to the

carbon adjacent to the sulfur of the butadiett@olate ligand.
Experimental evidence for alkylidene intermediates in the hydro-
genation of thiophene €S bond cleavage products has not
previously been reportéd.and the present study suggests that such
species may facilitate thiophene hydrogenation during HDS.

In summary, the reaction of Mo(PM}e with thiophene has
provided the first examples @f-thiophene coordination and-€S
cleavage and hydrogenation by a molybdenum compound. Deute-
rium labeling studies suggest that the hydrogenation of thiophene
may involve an alkylidene intermediate, an observation that has
ramifications for the mechanisms of HDS.
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