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ABSTRACT

An Account of recent studies of the chemistry of new disulfido
metal carbonyl complexes containing manganese is presented. The
coordination of the disulfido ligands, the nature of reactions at the
manganese atom(s) and the nature of insertion reactions at the
disulfido ligands are discussed.

Introduction

Metal disulfides are known to exist in a variety of extended
structures, including one-dimensional chains such as
KFeS,, I, and K,PtS,, II,! two-dimensional sheets, such as
MoS,, I11, one of today’s most effective hydrodesulfuriza-
tion catalysts,? and three-dimensional structures, such as
iron pyrite, IV, which has recently been found to be a
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FIGURE 1. An inorganic fullerene structure composed of WS,
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FIGURE 2. Representations of the various confirmed coordination
modes of the disulfido ligand.

valuable material for use in photoelectrochemical solar
cells due to its very high light absorption coefficient.?

Recent studies have shown that metal disulfides can
also exhibit a variety of important nanostructures.* For
example, WS, can be convoluted into fullerene-like nested
nanospheres, Figure 1, and one-dimensional nanotubes.*
Metal sulfide nanoparticles have recently been observed
to serve as catalysts with unusually high reactivities.?®®

The disulfido ligand is a special disulfide because it
contains a S—S bond. The S—S bond can be cleaved to
yield two sulfido ligands. The disulfido ligand has been
shown to exhibit a variety of bridging coordination modes
that contain from two to six metal atoms, see Figure 2.

The simplest disulfido complex of iron carbonyl is the
compound Fe;(CO)s(u-S,), 1, that was reported over 40
years ago.” The reactivity of 1 is dominated by the addition
of small molecules and metal-containing groups at the
sulfur atoms.? These reactions generally involve cleavage
of the sulfur—sulfur bond, see Scheme 1.

* E-mail: Adams@mail.chem.sc.edu.
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Mn;(C0);(x-S2) and Its Derivatives

We have recently discovered that Mn,(CO)q(NCMe), an
activated form of Mn,(CO),, reacts with thiirane to yield
the new disulfido complex Mn,(CO);(u-Sy), 2.° The struc-
ture of 2 is very similar to that of 1, except that it contains
an additional carbonyl ligand serving as a bridge between
the two manganese atoms, see Figure 3. The sulfur—sulfur

N

FIGURE 3. An ORTEP diagram of the molecular structure of 2, Mn
= blue, S = yellow.

bond of the disulfido ligand is oriented perpendicular to
the manganese—manganese bond and is only slightly
longer, 2.0474(11) A, than the S—S bond in 1, 2.021(3)!%
and 2.007(5) A.1 The presence of the additional CO ligand
relative to 1 is required to increase the electron count on
the manganese atoms to 18, since manganese has one less
electron than iron. Although the manganese—manganese
bond in 2 is single, the Mn—Mn bond distance, 2.6745(5)
A, is considerably shorter than that in Mny(CO)y,
2.8950(6)!" and 2.9038(6)A,'2 because of the presence of
the bridging ligands. Unlike most bridging carbonyl
ligands that exhibit relatively low-energy stretching fre-
quencies, 1700—1850 cm™, the stretching frequency of the
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bridging CO ligand in 2 is 1894 cm ™}, indicating that there
is relatively little 7-back-bonding to this ligand.

Two higher nuclearity disulfido-containing complexes,
Mny(CO)15(u3-Sa) (usa-S2), 3, and Mny(CO),4(NCMe) (u3-Sy)-
(us-S2), 4, were also formed in the reaction that gave 2.9
These compounds can be obtained from 2 by the addition
of CO and NCMe, respectively. Compound 3 was first
reported by Vahrenkamp as a product of the cleavage the
SnMes groups from Mn,(CO)s(u-SSnMes), by iodine.'3
Compounds 3 and 4 are structurally similar, and each
contains four manganese atoms with two bridging disul-
fido ligands. One of the disulfido ligands bridges three
manganese atoms, while the other is bonded to all four
manganese atoms.

Surprisingly, the reaction of 2 with tertiary phosphines
does not lead to phosphine-substituted derivatives but
instead leads to (bis-sulfido)tetramanganese compounds,
such as Mny(CO);5(PMe,Ph),(us-S),, 5, and S=PMe,Ph that
were obtained from the reaction of 2 with PMe,Ph.! The
formation of the latter product suggests reactivity between
the phosphine and the disulfido ligand. A related sulfur
abstraction is described below. Compound 5 contains two
triply bridging sulfido ligands.

On the other hand, tertiary arsines, which are less
reactive toward sulfur than phosphines, react with 2 by
the expected ligand substitution route.'* For example, the
reaction of 2 with AsPh; yields the monosubstitution
derivative Mn,(CO)g(AsPhs) (u-S,), 6. The arsine ligand is
positioned trans to the bridging CO ligand. The reaction
of 1 with AsMe,Ph proceeds similarly to yield the substi-
tution product Mn,(CO)s(AsMe,Ph) (u-S,), 7, but also yields
the new complexes Mny(CO)i4(AsMe,Ph),(us-Sz)2, 8,
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FIGURE 4. An ORTEP diagram of the structure of 10.
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Mny,(CO)14(AsMe,Ph) (U3-S2) (Ua-S2), 9, and Mng(CO)0(AsMe,-
Ph),(u4-S»)3, 10. Compound 8 has a novel structure

containing two triply bridging sulfido ligands. It could be
viewed as a dimer of an AsMe,Ph adduct of 2. When
heated, 8 loses one AsMe,Ph ligand and the cluster closes
to yield 9. See Scheme 2 for the proposed transformation.
This transformation may be general and could account
for the formation of compounds 3 and 4, too. Reaction of
8 with PMe,Ph yielded Mn,(CO);5(AsMe,Ph),(us3-S), 11 (an
arsine analogue of 5), by the phosphine-assisted removal
of two sulfur atoms, presumably one from each disulfido
ligand.

Compound 10 contains a novel structure with three
quadruply bridging disulfido with six manganese atoms.
One of these, S(5)—S(6), which is imbedded in the cluster,
has a long S—S bond, 2.098(2) A, see Figure 4. We have
been able to prepare 10 independently by the combina-
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tion of 8 with 2. These reactions of 2 are summarized in
Scheme 3.

Thioethers react with 2 in yet another manner. Thio-
ethers displace the bridging CO ligand and insert a sulfur
atom into the Mn—Mn bond.!® For example, the reaction
of 2 with SMe, yielded Mn,(CO)s(u-S,) (u-SMe,), 12, see
Figure 5.

021 >\

FIGURE 5. An ORTEP diagram of the structure of 12.

Heterometallic Complexes

Metal-containing groups readily insert into the S—S bond
of 2 to yield complexes having two triply bridging sulfido
ligands. For example, the reaction of 2 with Pt(PPh3),(PhC,-
Ph) yielded the new complex Mn,(CO)Pt(PPhs),(us-S)2, 13,
by loss of CO from 2 and PhC,Ph from the Pt(PPh;),(PhC,-
Ph) and then insertion of the Pt(PPhs), group into the S—S
bond of 2.1® Complex 13 contains an open Mn,Pt cluster
with one Mn—Mn bond, 2.8154(14) A, and one Mn—Pt
bond, 2.9109(10) A. Interestingly, 13 reacts with CO to
form the adduct Mn,(CO)g(u-CO)Pt(PPhs)s(us-S),, 14, by
cleavage of the Pt—Mn bond. The CO addition is readily
reversible, and simple purge of solutions of 14 with
nitrogen converts it back to 13 quantitatively, Scheme 4.

Scheme 4
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The reactions of 2 with CpCo(CO), or Cp*Rh(CO), yield
the complexes CpCoMn,(CO)s(u3-S)2, 15, and Cp*RhMn;-
(CO)6(us3-S)2, 16, by insertion of the cobalt and rhodium
atoms into the S—S bond and the formation of two new
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metal—metal bonds, Scheme 5. The sulfur atoms become
triply bridging sulfido ligands on each side of the Mn,M
plane.'”

Compound 2 reacts with [CpMo(CO)s], and [Cp*Mo-
(CO)s], by a metal-metal exchange process to yield the
new dinuclear mixed metal complexes CpMoMn(CO)s(u-
S2), 17, and Cp*MoMn(CO)s(u-S,), 18, in good yield.!® The
disulfido ligand in these compounds bridges the Mo—Mn
bond similarly to that in 2, but it donates its electrons
unsymmetrically by formally giving four electrons to the
Mn atom and only two electrons to the Mo atom, Scheme

Scheme 6
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Compounds 17 and 18 also add metal-containing
groups by insertion into the S—S bond. For example, the
reaction of 17 with (PPhs),Pt(PhC,Ph) yielded the new bis-
sulfido mixed metal complex CpMoMn(CO)sPt(PPhj),(us-
S)2, 19, by loss of the PhC,Ph ligand and insertion of the
Pt(PPhs), fragment into the S—S bond, see Scheme 7, but
unlike the reaction of Pt(PPhjs),(PhC,Ph) with 2, no new
metal—metal bonds were made in this reaction.

Scheme 7
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The reaction of 17 with CpCo(CO);, yields Cp.MoMnCo-
(CO)s(us-S)2, 20, by insertion of a CpCo group into the S—S
bond. In this reaction, two CO ligands were lost from the
CpCo(CO), and only one metal—-metal bond was formed,
a Co—Mn bond, see Scheme 8.2° The reaction of 2 with
Fe,(CO)y proceeds similarly to yield the compound Cp-
MoMnFe(CO)g(us3-S)2, 21, with formation of an Fe—Mn
bond.?°

Scheme 38
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Anticipating formation of a disulfido iron—manganese
complex, we examined the reaction of CpFeMn(CO); with
thiirane in the presence of the decarbonylation reagent
MesNO, but instead of a dimetal disulfido complex, we
obtained the diirondimanganese complex [CpFeMn(CO)s-
(u3-S2)]2, 22, analogous to 8, see Figure 6.2! Curiously,
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012
FIGURE 7. An ORTEP diagram of [CpFeMn(CO)sls(ees-Salleea-Sa)z, 23.

compound 22 spontaneously condenses without loss of
any ligands to form a trimer [CpFeMn(CO)s]s3(u3-S2) (14-
S2)2, 23, by expanding the coordination of the manganese
atoms and the sulfur atoms of the disulfido ligands, see
Figure 7.2!

The reaction of 2 with [CpNi(CO)], yielded the new
trinuclear metal complex Cp,Ni,Mn(CO)3(us-S)2, 24, and
a minor hexanuclear metal complex Cp,Ni,Mn,(CO)14(u6-
S2) (u3-S)2, 25, see Scheme 9.22 Formally, a Mn(CO), was
displaced from 2, but unlike the reaction of 2 with [CpMo-
(CO)sl,, both CpNi groups were added in the formation
of 24 and the S—S bond of the disulfido ligand was cleaved
to form two triply bridging sulfido ligands. Compound 24
contains an odd number of valence electrons. Electron
paramagnetic resonance (EPR) and magnetic susceptibility
measurements revealed the presence of one unpaired
electron. The EPR measurement indicates that the un-
paired electron has 14% population on manganese. This
is consistent with molecular calculations that show the
unpaired electron occupies a delocalized antibonding
orbital that is shown in Figure 8.

Compound 25 is unusual because it contains a ug-
disulfido ligand shown by atoms S(1) and S(3), see Figure

FIGURE 8. A representation of the singly occupied antibonding
molecular orbital in compound 24.

9. The S(1)—S(3) bond distance is very long, 2.2573(12) A.
It is even longer than the S—S distance, 2.153(6) A, of ue-
disulfido ligand in iron pyrite IV, which contains six iron
atoms coordinated to the disulfido ligand.

FIGURE 9. An ORTEP diagram of the molecular structure of Cp,-
NizMng(CO)1alut-Sa)lees-S)o, 25.

Insertion of Small Organic Molecules into the
—S Bond

It has been shown that molecules containing a C—C
double bond can be inserted into the S—S bond of 1 under
photolytic conditions.?® This has not yet been achieved
with 2; however, compounds 17 and 18 do readily engage
in this interesting photoreaction at the disulfido ligand.'®
For example, the reaction of 17 and 18 with ethylene leads
to the ethanedithiolate complexes CpMoMn(CO)s[u-
S(CH>),S], 26, and Cp*MoMn(CO)s[u-S(CH,),S], 27. Car-
boxylate-substituted alkynes, CO, and even tert-butyliso-
cyanide can also be inserted into the S—S bond of these
compounds, see Scheme 10. It was shown by an isotopic
labeling study that the inserted CO molecule was not
derived from one of the CO ligands in the complex.
According to the rules of conservation of orbital sym-
metry, these insertion reactions are thermally forbidden,?
and our studies have shown that they are, in fact, all

Scheme 9
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Scheme 10
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promoted by room light and do not proceed at all in the
dark.2* We have even been able to add Cg, across the S—S
bond at one of its 6,6 ring junctions in the presence of
room light to yield the complex CpMoMn(CO)5(u-S2Ceo),
28, see Figure 10.2* Rauchfuss has shown that Cs can also
be added across the S—S bond of 1.5

061 ™ 064

O
062 065
FIGURE 10. An ORTEP diagram of the molecular structure of 28.

To test the orbital symmetry principle further, we have
investigated the reactions of 17 with some dienes, buta-
diene and cyclopentadiene. Although the 4 + 2 addition
of a diene to 2 is thermally allowed, these reactions do
not proceed in that fashion. Instead, these additions also
proceed by the light-promoted 2 + 2 mechanism to give
1,2-dithiolato ligands, see Scheme 11.2* Fe,(CO)g(u-S>)
reacts similarly with dienes in the presence of UV
irradiation.?® We have recently made the diselenido
homologue of 17, CpMoMn(CO)s(u-Sez), and it has a
similar structure and reactivity to that of 17.26

Quinones are important in biological processes and
quinone complexes have recently attracted attention
because of their ability to form supramolecular networks
in the solid state.2” We have found that para-quinone
reacts with 17 at the disulfido ligand by substitution of
two hydrogen atoms on one of the C=C double bonds to
yield the complex CpMoMn(CO)s(u-SCsH20), 29, a dithio-
substituted quinone that contains the CpMoMn(CO)s
grouping, see Figure 11.22 It was proposed that this
reaction proceeds via a 2 + 2 cycloaddition step, as
described above for olefins, that is followed by a reaction
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Scheme 11
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with a second equivalent of para-quinone that oxidatively
removes the two proximate hydrogen atoms from the first
quinone ring. The quinone ring in 29 is reduced to a

C33
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FIGURE 11. An ORTEP diagram of the molecular structure of 29.

hydroquinone ring by reaction with hydrogen to yield the
complex CpMoMn(CO)s(u-SCsH2(OH)»), 30, see Figure 12.
The hydroquinone ring in 30 can be reoxidized to regen-
erate 29 by treatment with ferrocenium ion.

Conclusions

Our recent studies show that there are still a variety of
dinuclear metal complexes containing disulfido ligands
that can be readily prepared and are stable. They also have
a more extensive and rich reaction chemistry than previ-
ously recognized. It is certain that more examples of these
complexes will be forth coming and they will continue to
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FIGURE 12. An ORTEP diagram of the molecular structure of 30.

show a wide range of reactivity with small molecules and
other metal complexes. They may even serve as useful
reagents for the synthesis of new sulfide-containing
nanomaterials.??

We wish to acknowledge the National Science Foundation for
support of this research.

References

(1) (a) Silvestre, J.; Hoffmann, R. Tetrahedral and Square-Planar One-

(3

(5

Dimensional Chains: The Interplay of Crystal Field and Bandwidth
in MS; Compounds. Inorg. Chem. 1985, 24, 4108—4119. (b)
Springborg, M. Dimensionality Effects on the Electronic and
Structural Properties of PtS, Chains. Chem. Phys. 1999, 246, 347—
361.

(a) Benavente, E.; Santa Ana, M. A.; Mendizabal, F.; Gonzalez, G.
Intercalation Chemistry of Molybdenum Disulfide. Coord. Chem.
Rev. 2002, 224, 87—109. (b) Alonso, G.; Berhault, G.; Aguilar, A.;
Collins, V.; Ornelas, C.; Fuentes, S.; Chianelli, R. R. Characteriza-
tion and HDS Activity of Mesoporous MoS; Catalysts Prepared
by in Situ Activation of Tetraalkylammonium Thiomolybdates. J.
Catal. 2002, 208, 359—369. (c) Millman, W. S.; Segawa, K.-I.; Smrz,
D.; Hall, W. K. A Comparison of the Surface Chemistry and
Catalytic Properties of Reduced vs Sulfided Molybdena-Alumina
Catalysts. Polyhedron 1986, 5, 169—177. (d) Herbst, K.; Monari,
M.; Brorson, M. Molecular Metal Sulfide Cluster Model for
Substrate Binding to Oil-Refinery Hydrodesulfurization Catalysts.
Inorg. Chem. 2002, 41, 1336—1338. (e) Brenner, J.; Marshall, C.
L.; Ellis, L.; Tomczyk, N.; Heising, J.; Kanatzidis, M. Microstructural
Characterization of Highly HDS—Active CogSg—Pillared Molybde-
num Sulfides. Chem. Mater. 1998, 10, 1244—1257.

(a) Ennaoui, A., Fiechter, S. Pettenkofer, Ch.; Alonso-Vante, N.;
Biker, K.; Bronold, M.; Hopfner, Ch,; Tributsch, H. Iron Disulfide
for Solar Energy Conversion. Solar Energy Mater. Solar Cells
1993, 29, 289—-370. (b) Wan, D.; Wang, Y.; Wang, B.; Ma, C.; Sun,
H.; Wei, L. Effects of the Crystal Structure on Electrical and Optical
Properties of Pyrite FeS; Films Prepared by Thermally Sulfurizing
Iron Films. J. Cryst. Growth 2003, 253, 230—238.

(a) Tenne, R.; Homyonfer, M.; Feldman, Y. Nanoparticles of
Layered Compounds with Hollow Cage Structures (Inorganic
Fullerene-Like Structures). Chem. Mater. 1998, 10, 3225—3238. (b)
Rao, C. N. R.; Nath, M. Inorganic Nanotubes. Dalton Trans. 2003,
1-24.

(a) Ishiguro, A.; Nakajima, T.; Iwata, T.; Fujita, M.; Minato, T.;
Kiyotaki, F.; lzumi, Y.; Aika, K.; Uchida, M.; Kimoto, K. Matsui, Y.;
Wakatsuki, Y. Nanoparticles of Amorphous Ruthenium Sulfide
Easily Obtainable from a TiO,—Supported Hexanuclear Cluster
Complex [RugC(CO)46]2~: A Highly Active Catalyst for the Reduc-
tion of SO, with Hy. Chem.—Eur. J. 2002, 8, 3260—3268. (b) Sun,
C.; Peltre, M.-J.; Briend, M.; Blanchard, J.; Fajerwerg, K.; Krafft,

(6

(7

(8

(9

(10)

(11)

(12)

(13)

(14

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

J.-M.; Breysse, M.; Cattenot, M.; Lacroix, M. Catalysts for Aromat-
ics Hydrogenation in the Presence of Sulfur: Reactivities of
Nanoparticles of Ruthenium Metal and Sulfide Dispersed in Acidic
Y Zeolites. Appl. Catal. 2003, 245, 245—256.

Miiller, A.; Jaegermann, W.; Enemark, J. H. Disulfur Complexes.
Coord. Chem. Rev. 1982, 46, 245—280.

Hieber, V. W.; Gruber, J. Zur Kenntnis der Eisencarbonylchalko-
genide. Z. Anorg. Allg. Chem. 1958, 296, 91—103.

(a) King, R. B.; Bitterwolf, T. E. Metal Carbonyl Analogues of Iron—
Sulfur Clusters Found in Metalloenzyme Chemistry. Coord. Chem.
Rev. 2000, 206—207, 563—579. (b) Ogino, H.; Inomata, S.; Tobita,
H. Abiological Iron—Sulfur Clusters. Chem. Rev. 1998, 98, 2093—
2122. (c) Cowie, M.; DeKock, R. L.; Wagenmaker, T. R.; Seyferth,
D.; Henderson, R. S.; Gallagher, M. K. Chemistry of (x-Dithio)bis-
(tricarbonyliron), an Inorganic Mimic of Organic Disulfides. 3.
Reaction with Low-Valent Metal Compounds and Some Interest-
ing Isolobal Analogies Involving the Products. Organometallics
1989, 8, 119—132.

Adams, R. D.; Kwon, O.-S.; Smith, M. D. Mn(CO)g(u-CO)u-Sy):
The Simplest Disulfide of Manganese Carbonyl. Inorg. Chem.
2001, 40, 5322—5323.

Eremenko, I. L.; Berke, H.; van der Zeijden, A. A. H.; Kolobkov, B.
I.; Novotortsev, V. M. Formation of Antiferromagnetic Hetero-
nuclear Thiolate and Sulfide Bridged Complexes: Il. Synthesis,
Magnetic Properties, and Molecular Structures of the Clusters Cp»-
Cra(u-SCMe3)a(tta-S)Wa(u-1)2(CO)4(NO)2 and Cp,Craluz-S)a(u-SCMeg),-
W(SCMe3)(NO),. J. Organomet. Chem. 1994, 471, 123—132. (b)
Wei, C. H.; Dahl, L. F. The Molecular Structure of a Tricyclic
Complex, [SFe(CO)sl,. Inorg. Chem. 1965, 4, 1—11.

Martin, M.; Rees, B.; Mitschler, A. Bonding in a Binuclear Metal
Carbonyl: Experimental Charge Density in Mn,(CO)4o. Acta Crys-
tallogr. 1982, B38, 6—15.

Churchill, M. R.; Amoh, K. N.; Wasserman, H. J. Redetermination
of the Crystal Structure of Dimanganese Decacarbonyl and
Determination of the Crystal Structure of Dirhenium Decacarbo-
nyl. Revised Values for the Mn—Mn and Re—Re Bond Lengths in
Mn,(CO)19 and Rez(CO)qo. Inorg. Chem. 1981, 20, 1609—1611.
Kullmer, V.; Rottinger, E.; Vahrenkamp, H. Preparation and Crystal
Structure of [Mn;S4(CO)+s5]; Oxidation at Sulphur of [{(CO);Mn—
S—SnMes},l. J. Chem. Soc., Chem. Commun. 1977, 782—783.
Adams, R. D.; Kwon, O.-S.; Smith, M. D. Disulfides of Manganese
Carbonyl. Synthesis of Mn,(CO);(u-S,) and its Reactions with
Tertiary Phosphines and Arsines. Inorg. Chem. 2002, 41, 6281—
6290.

Adams, R. D.; Kwon, O.-S.; Smith, M. D. Reactions of Thioethers
with Mn3(CO);(u-S;) Proceed with CO Displacement and Insertion
of the Sulfur Atom into the Mn—Mn Bond. Inorg. Chem. 2002,
41, 5525—5529.

Adams, R. D.; Kwon, 0.-S.; Smith, M. D. Insertion of a Bis-
(phosphine)platinum Group into the S—S Bond of Mn,(CO);-
(u-S7). Inorg. Chem. 2002, 41, 1658—1661.

Adams, R. D.; Kwon, O.-S.; Smith, M. D. Insertion of Cyclopen-
tadienylmetal Groups into the S—S Bond of Mny(CO)s(u-S,).
Organometallics 2002, 21, 1960—1965.

Adams, R. D.; Captain, B.; Kwon, O.-S.; Miao, S. New Disulfido
Molybdenum—Manganese Complexes Exhibit Facile Addition of
Small Molecules to the Sulfur Atoms. Inorg. Chem. 2003, 42,
3356—3365.

Adams, R. D.; Kwon, O.-S. The Addition of Platinum and Palladium
Groups to the Disulfido Ligand in Cyclopentadienyl Molybdenum—
Manganese Carbonyl Complexes. J. Cluster Sci. 2003, 14, 367—
379.

Adams, R. D.; Miao, S. New Mixed-Metal Sulfido Metal Carbonyl
Complexes by Insertion of Metal Carbonyl Groups into the S—S
Bond of CpMoMn(CO)s(u-S2). Organometallics 2003, 22, 2492—
2497.

Adams, R. D.; Captain, B.; Kwon, O.-S.; Pellechia, P.; Sanyal, S.
Synthesis and Properties of Oligomers of Iron—Manganese Car-
bonyl Complexes with Bridging Disulfido Ligands. J. Organomet.
Chem. 2004, 689, 1370—1376.

Adams, R. D.; Miao, S.; Smith, M. D.; Farach, H.; Webster, C. E.;
Manson, J.; Hall, M. B. Nickel-Manganese Sulfido Carbonyl
Cluster Complexes. Synthesis, Structure, and Properties of the
Unusual Paramagnetic Complexes CpaNiMn(CO)s(us-E)2, E =S,
Se. Inorg. Chem. 2004, 43, 2515—2525.

(a) Kramer, A.; Lorenz, |.-P. Photochemisch induzierte [2+2]-
Cycloadditionen von Alkenen und Dienen mit der S—S Bindung
des nido-Clusters [(CO)3FeSl,. J. Organomet. Chem. 1990, 388,
187—-193. (b) Messelhauser, J.; Gutensohn, K. U.; Lorenz, I.-P.;
Hiller, W. Insertionsreaktionen von Ethen und Kohlenmonoxid in
die S—S Bindung des nido-Clusters [(CO)3FeS],; und Synthese und
Struktur des 1,2-Ethansulfenatothiolato-Komplexes (CO)gFe»-

VOL. 38, NO. 3, 2005 / ACCOUNTS OF CHEMICAL RESEARCH 189



(24)

(25)

(26)

Disulfido Metal Carbonyl Complexes Containing Mn Adams et al.

[(SCoH4S(O)]. J. Organomet. Chem. 1987, 321, 377—388. (c)
Messelhauser, J.; Lorenz, I.-P.; Haug, K.; Hiller, W. Synthese und
Struktur des Ethendithiolato-Komplexes [(CO)3FeSCH,l,, einem
Dihydrobenzvalen-Analogon. Z. Naturforsch. 1985, 40B, 1064—
1067.

Adams, R. D.; Miao, S.; Smith, M. D. Light-Promoted Addition of
Alkenes, Dienes, Cgo, and Disulfur to the Disulfido Ligand in the
Complex CpMoMn(CO)s(u-S,). Organometallics 2004, 23, 3327—
3334.

Westmeyer, M. D.; Rauchfuss, T. B.; Verma, A. K. Iron Sulfido
Derivatives of the Fullerenes Cgo and C7o. Inorg. Chem. 1996, 35,
7140—7147.

Adams, R. D.; Kwon, O.-S. Syntheses and Reactivity of the
Diselenido Molybdenum—Manganese Complex CpMoMn(CO)s-
(u-Sey). Inorg. Chem. 2003, 42, 6175—6182.

190 ACCOUNTS OF CHEMICAL RESEARCH | VOL. 38, NO. 3, 2005

(27)

(28)

(29)

Oh, M.; Carpenter, G. B.; Sweigart, D. A. Supramolecular Metal-
Organometallic Coordination Networks Based on Quinonoid
n-Complexes. Acc. Chem. Res. 2004, 37, 1—11.

(a) Adams, R. D.; Miao, S. Metal Carbonyl Derivatives of Sulfur
Containing Quinones and Hydroquinones: Synthesis, Structures
and Electrochemical Properties. Inorg. Chem. 2004, 43, 8414—
8426. (b) Adams, R. D.; Miao, S. Metal Carbonyl Derivatives of
1,4-Quinone and 1,4-Hydroquinone. J. Am. Chem. Soc. 2004, 126,
5056—5057.

Shyu, S.-G.; Wu, J.-S.; Wu, C.-C.; Chuang, S.-H.; Chi, K.-M. Iron
Sulfide Films via Fey(CO)s(u-S2) as a MOCVD Single Source
Precursor. Inorg. Chim. Acta 2002, 334, 276—282.

AR0402457



