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Reaction between [(75-Cp')sM03S4]* and [Ni(1,5-cod);] (Cp' =
methylcyclopentadienyl; 1,5-cod = 1,5-cyclooctadiene) in THF at
ambient temperature yielded a coordinatively unsaturated cubane-
like cluster cation, [(75-Cp’)sMo3S,Ni]*. The ligand sphere at the
Ni atom could be saturated by coordinating dimethyl sulfide, diethyl
sulfide, di(tert-butyl) sulfide, tetrahydrothiophene, thiochroman-4-
ol, 1,4-dithiane, pyridine, quinoline, or 4,4'-bipyridine. The products
structurally model a mode of substrate coordination on proposed
binding sites of heterogeneous MoNi sulfide hydrotreating catalysts.
No stable coordination compounds could be isolated for thiophene
derivatives. X-ray crystal structures are reported for the ligand-
bridged dicluster compounds [{ (7>-Cp')sM03SaNi} 2(1¢-C4HaS)][pts]
(C4HgS; = 1,4-dithiane) and [{ (7>-Cp’)sMo3S4Ni} »(ue-bipy)][pts]:
(bipy = 4,4'-bipyridine).

The study of metal complexkand clusterithat are able
to activate and/or break-€S bonds of organosulfur mol-
ecules provides insight into possible mechanisms for hy-
drodesulfurization (HDSJ,a key oil-refinery process by
which sulfur is removed from oil fractions at 36@00 °C
and atp(H,) = 10—140 bar. We here report a number of
heterobimetallic cubane-like sulfide cluster compoung? [(
Cp)sMoszSNi(L)] T (Cg = methylcyclopentadienyl) in which
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an organosulfur or -nitrogen molecule L is coordinated to
the heteroatom site of the cluster. The binding mode may
mimic substrate binding to the catalytically active €0
Mo—S and Ni-Mo—S phases of industrial heterogeneous
catalysts®

With the exception of the M&Co,S, (x = 3, 4) cluster
cores studied as HDS models by Curtis and co-workers,
molecular HDS systems do not, in terms of the elements
involved, resemble the industrial catalyst, which contains Mo
and Co/Ni, all in their sulfidic state. We are here concerned
with the heterobimetallic cubane-like cluster coreJ8iiNi.

Until recently the chemistry of Mg&,M’ clusters was almost
completely aqueousbut it has now been extended into the
organometallic domain by the discovery of a rational
synthesis method for ff-Cp):MosS,]* (Cp = cyclopenta-
dienyl) and the demonstration that group 6 and18
transition metals (N}, in the form of low-valent organome-
tallic compounds, may be incorporated into such cluster
cores?

Incorporation of a nickel atom was achieved by reacting
[(#°-Cp)sMozSy][pts] (pts = p-toluenesulfonate) with [Ni-
(cod)] (cod = 1,5-cyclooctadiene) in tetrahydrofuran and
under inert atmosphere conditions; the advance of the
reaction was reflected in a color change from green to dark
brown within 1 min at room temperature. Subsequent
addition of 3-5 times stoichiometric excess of dimethyl
sulfide, diethyl sulfide, diert-butyl) sulfide, tetrahy-
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to a molecular-based site that resembles the active sites on
an industrial HDS/HDN catalyst. The activity of the (usually
alumina-supported) heterogeneous catalysts is associated with
Co/Ni atoms bound to the MgeSrystallite edges, but the
exact structure is a pending question. On the basis of XAFS
and °Co NMR the structures3!®! (X = S) and 4,*?
respectively, have been proposed. In these structure drawings
only the edge sulfur atoms of the MgStructure are

displayed.
,—"S S—"'$
Figure 1. Structure of the cluster cation i (f7°>-Cp')sM0o3zSuNi} 2(u- S-—"?\ /i s TN, g/:s\ S
C4HsS))][pts]2 ([2al[pts]2). Carbon thermal factors of the Cyngs are set ' /C‘?i\x 5 /3 /C )
arbitrarily low for clarity. The remaining thermal ellipsoids are drawn at ! __,é—-"s . 877 >
the 30% probability level. s” s
3 4
_---$\
SUN\. i Co X=§
N v Col/
L Col/ \.8—X or 7
S:/ T5X X=%* (sulfur vacancy)
y 5
6@%@ Recently, scanning tunneling microscopy has indicated the
structure5® (X = S) for cobalt-promoted Mocrystallites
Figure 2. Structure of the cluster cation ifi(i>-Cp')sM03SyNi} of u-(4,4- ( ) P . . ory
bipy)}Ipts> ([26][pts]y). (supported on Au). Some coordinatively unsaturated edge

atoms are formed by increasing the ratightS in the gas
drothiophene, thiochroman-4-ol, pyridine, or quinoline gave that is in contact with the MoScrystallites!* For the
after 2 h reaction time at room temperature and precipitation structures3 and>5 this corresponds to replacing edge sulfur
by means of pentane the compleXies-g as pts salts. The  atoms by vacancies (i.e., ¥ * rather than S). The sulfur
identity and purity of these compounds were confirmed by vacancies are envisaged to play a role in the catalytic cycle
H NMR, FAB mass spectroscopy, and chemical analyses.for HDS by acting as binding sites for S of organosulfur
No well-defined compounds could be isolated by a similar moleculess The coordination site on Ni in the cluster Mo
preparative route with diphenyl sulfide, thiophene, ben- NiS, is of a type similar to the sulfur vacancy site in the
zothiophene, dibenzothiophene and tetramethylthiophene,MoS,-edge structur8, and in this wayla—g and2a,b may
most likely due to the lower nucleophilicity of the sulfur model substrate binding to the catalyst. The Ni coordination
atom in the aromatic heterocycles. Carbazole and béfizo[ geometry in the cluster MdliS, is tetrahedral as is the Co

quinoline did not form complexes either. coordination geometry in the edge structre
- Structural data foRa,b do not indicate any activation of
) g the C-S or C-N bonds. We therefore examined the HDS/
+ a) MeyS f) @
. L b) EL,S N (9) Crystal structure ofZa][pts], (CsaHeaM0eNi206S12): M, = 1886.83,
Mo<T TN 2 triclinic, space grougPl (No. 2),a = 10.0275(7) A = 17.088(1)
| l [ [ o (tBupS g o A, c=18.795(1) Ao = 99.412(2), B = 90.945(2), y = 91.768-
sfw‘l""&s / (2)°,V=13174.9(3) B, Z =2, T = 293(2) K, Dcac = 1.974 Mg/n3,
/ \Cp' d) / \ N u = 2.166 mnT%, Mo Ka with graphite monochromator, Bruker CCD
Cp' s diffractometer, 37018 reflections collected, 18230 independent reflec-
OH tions, GOF= 0.926, R1= 0.0820, wR2= 0.2002 { > 20(1)). Crystal
structure of Fb][ptS]Q (C50H54M05N2Ni206810)1 M, = 1922.79,
la-g o) monoclinic, space group2i/c (No. 14),a= 14.762(4) Ab = 13.647-
(4) A, c = 17.469(6) A,p = 105.72(13, V = 3388(2) B, z = 2,
s T = 293(2) K, Dcaic = 1.885 Mg/n#, x = 1.973 mn1%, Mo Ka with

graphite monochromator, Bruker CCD diffractometer, 46153 reflec-

Compoundd.a—g did not crystallize well. Single crystals goggogol\lsét;d.09g§§7ir(1d>epzerzld)<)ent reflections, GOM.846, R1=
. . . . , = 0. o(1)).
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HDN ability of the cluster at elevated temperatures and in which would prevent insertion of Ni into a-€S bond. The
the presence of H Reactions betweem[{-Cp')sMo3;SiNi]- alternative route of homolytic €S bond cleavage as, e.g.,
[pts] and benzothiophene/quinoline in ethylene glycol solu- seer! in the desulfurization of 4-methylbenzenethiol by
tion conducted in a stainless steel pressure vessel (30 baf{ (17>-Cp)Mo},S:{ Co(CO)} ;] was, however, not considered.
H,, 16 h, 130°C) did not reveal any of the expected In conclusion, the molecular cluster compourwP{Cp)s-
desulfurization and denitrogenation products to have formed. MosS4Ni(L)] © was prepared as a model for heterogeneous
At higher temperature (25TC) and with decaline as solvent/  Ni—Mo—S hydrodesulfurization catalysts. Catalytically rel-
dispersion medium, some reactivity was observed, mostevant organosulfur and -nitrogen molecules were found to
likely due to partial thermal decomposition of the cluster bind to the Ni site of the cluster, but no homogeneous HDS
that produced catalytically active black solids. or HDN activity was detected.

The possibility® that the cluster Mgs,Ni may display
catalytic activity originates in the observatidthat CO binds
to the heterometal atom in [@@)sM03S,M']** for M’ = Co,
Ni,8 but not for M = Cu, Fe. In this respect the molecular
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