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Synthesis and Structure of [(CsMes),Rh,Sql,
a Dirhodium Complex
with Unusual Polysulfide Bridge

By Henri Brunner, Norbert Janietz, Walter Meier,
Bernd Nuber, Joachim Wachter,* and Manfred L. Ziegler

Chalcogen-rich transition-metal complexes of the type
L,M,X, (L=any substituted cyclopentadienyl ligand;
X =S8, Se; n>4) are currently attracting interest because of
their structural variability and versatile chemistry, both of
which are strongly influenced by the nature of the me-
tal.l"-? The reaction of chalcogens with dimeric cyclopen-
tadienylmetal complexes containing metal-metal multiple
bonds has proven useful as a general synthetic route for
such compounds. The chalcogen chains and rings undergo
degradation thereby to mono- or diatomic moieties. Com-
plexes with polysulfide ligands have been postulated as in-
termediates,'” but only seldom has it been possible to de-
tect them.!*) We now report on the synthesis and structure
of the rhodium dinuclear complex [CpFRh,Sg] 1 (Cp*=
1°-CsMes), which contains two unusually coordinated S,
bridges.
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Institut fiir Anorganische Chemie der Universitat
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The diamagnetic, red-brown complex 1 is obtainable in
ca. 62% yield from [CpFRh,(CO),] and sulfur (Rh:S 1:4,
tetrahydrofuran, room temperature). Its composition is
confirmed by elemental analysis; the field desorption mass
spectrum, however, contains only the molecular ion less
one sulfur atom. Contrary to expectation the 'H-NMR
spectrum® indicates a non-symmetrical structure for the
compound. An X-ray structure analysis' on a single crys-
tal of 1 (from toluene or CH,Cl,) confirms the non-equiva-
lence of the Cp* rings (Fig. 1). The structure is character-
ized by two RhS, chelate rings, which are coupled to each
other in such a way that they give the puckered Rh,S; core
(envelope conformation) of the molecule. Each S, ligand
functions as 4e donor. As a consequence of this behavior
the length of the S-S bonds varies from 2.032(3) to
2.106(3) A. The bond angles fall in three ranges: The S-
Rh-S angles lie between 78.2(1) and 94.0(1)°, while the
other angles in the chelate ring, with exception of Rh1-S1-
Rh2 (114.5(1)°) range from 100.1(1) to 109.2(1)°. The
“real” chelate angles S1-Rh-S6 and S3-Rh2-87 are both
94.0(1)°. Both RhS, rings have a slightly distorted enve-
lope conformation. Their tips S3 and S4 are 3.539 A from
each other; this could possibly make them suitable for the

Fig. 1. Crystal structure of 1 (ORTEP). Selected bond lengths [A] and angles
[°]: RhI-S1 2.384(2), Rh1-S5 2.327(2), Rh1-S6 2.384(2), Rh1-C(CP* )meun
2.197(9), Rh2-.SI 2.373(2), Rh2-S3 2.324(2), Rh2-ST 2407(2), Rh2-
CACP* 2Jmmeun 2-196(9), S1-88 2.103(3), §2-85 2.106(3), 82-87 2.043(3}, $3-85
2.032(3), S4-S6 2.057(3), S4-S8 2.040(3), Rh1---Rh2 3.999, SI---S5 3.372,
S3---84 3.539; S1-Rh1-S5 91.4(1), S1-Rh1-86 94.0(1), S5-Rh1-56 88.3(1), Si1-
Rh2-83 91.3(1), SI-Rh2-S7 78.2(1), S3-Rh2-S7 94.0(1), Rh1-S1-Rh2 114.5(1),
Rh1-S1-S8 100.1(1), S5-S2-S7 101.5(1), $6-S4-58 101.7(1), Rh1-55-52 108.8(1),
Rh1-S5-83 109.2(1), S2-S5-S3 100.2(1), Rh(-S6-84 107.4(1), S51-S8-54
100.7(1).
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bidentate coordination of unsaturated complex fragments.
To our knowledge the only other bridge-forming S, ligands
are found in copper(1) polysulfide clusters, in which two
copper centers are each bridged by a terminal member of
the S, chain.”!

The formation of 1 proceeds via several intermediates.
When the dark blue solution of [Cp$¥Rh,(CO),] in THF is
allowed to react with 1/8Sg at room temperature, the color
changes to brown within 15 minutes, and the red-violet 2
can be isolated in 46% yield by column chromatography
(Al,0;, toluene).” The Rh,S three-membered ring in 2 can
be expanded to a four-membered ring by addition of a fur-
ther S atom. However, there is only IR spectroscopic proof
available (vco frequency at 2015 cm ~ ') for the existence of
the resulting complex 3. The Se complex analogous to 3,
on the other hand, can be isolated.!”

When, however, the reaction of [CpFRh,{CO),] with
sulfur is carried out at —25°C instead of at room tempera-
ture, about equal amounts of 1 and 4 can be isolated. The
symmetrical compound™ 4 may contain two RhS, chelate
rings linked together by a Rh-Rh bond and a u-CO
group.™ 4 slowly transforms into 1 in solution. The struc-
tural changes on going from 3 to 4 are indicated by weak
veo frequencies temporarily occurring at 1785 and 1980
cm~', which were observed between —80 and —60°C.
Unfortunately, these absorptions disappear in favor of
those of 1 and 4 at higher temperatures, so that they can-
not be assigned to specific structures. However, it cannot
be ruled out that the monosulfide bridges in 2 and 3 are
substitution-labile towards larger sulfur units, e.g. S3°.
An indication in this direction is that the Se analogues of 2
and 3 can be converted into 1 with Sg.["!

Although rhodium sulfides are of interest as hydrodesul-
furization catalysts,”™ 1 is only the third structurally
characterized rhodium polychalcogenide complex, after
[Cp#Rh,Ses]" and [Rh(Ss);]*®."" From the relatively high
number of S-S bonds, a considerable reaction potential
can be expected for 1. Consistent with this prediction
three irreversible oxidation waves were found at E,,,=
+0.53, +1.38 and 1.60V in a cyclovoltammetric experi-
ment (CH,Cl;, standard calomel electrode).
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Reaction of 1,3-Azaarsinines

with 2-tert-Butyl-1-phosphaethyne —
2,9,10-Tri-tert-butyl-4,6-diphenyl-1,3,8-triphospha-
7-arsatetracyclo[4.4.0.0%%.0>"|deca-4,9-diene

By Gottfried Mdrkl,* Stefan Dietl, Manfred L. Ziegler,
and Bernd Nuber

The 1,3-azaphosphinines 1" and 1,3-azaarsinines 2% re-
cently described by us undergo Diels-Alder reactions with
a large variety of alkyne-dienophiles;!"** the bicycles ini-
tially formed rearomatize with elimination of benzonitrile
to give the corresponding—in particular also functionally
substituted— phosphinines 3% and arsinines 4.
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We have already reported on the fully unexpected reac-
tion of the azaphosphinines 1 with the heteroalkyne tert-
butyl-1-phosphaethyne 5 in the molar ratio 1:2; the tetra-
cycles 6 are formed.™

1 + 2 Mesl=C=P ——»

We have now been able to show that the 1,3-azaarsinines
2 behave differently again toward 5. Reaction with § in
toluene at 120°C in a Carius tube (48 h) furnishes (after
treatment of the residue with ethyl acetate) a colorless,
crystalline compound 7a, m.p. 204-207°C (from ethyl ace-
tate), which according to an elemental analysis and its
mass spectrum is a product formed from 2a and 5 (in the
molar ratio 1:3) with elimination of benzonitrile (Table 1).
According to analytical and spectroscopic findings, 2b
reacts analogously to give 7b (Table 1).

Both the '"H-NMR spectrum, which shows three tert-bu-
tyl signals, and the *'"P-NMR spectrum, with three signals,
are consistent with the unsymmetric structure of 7a. The
X-ray structure analysis shows that 7a has a tetracyclic
skeletal framework other than that in 6 and that all P
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