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A Novel Oxidatively Induced Structural Rearrangement of Diruthenocenyl Disulfide to the
First Transition-metal Complex of 2,4-Cyclopentadien-1-thione
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The first transition metal-stabilized complex of 2,4-cyclopenta-
dien-1-thione was synthesized in the oxidation of diruthenocenyl
disulfide with p-BQ/BF3- OEty.

Much attention is recently focused in an oxidatively induced
rearrangement of the organic ligand in transition metal com-
plexes.l’2 2,4-Cyclopentadien-1-thione, which is an extremely
unstable compound because of the high reactivity of the thio-
carbonyl group, was generated by gas phase pyrolysis and
assigned only by photoelectron spectroscopy.3 We here report
the first synthesis of transition metal-stabilized 2,4-cyclopenta-
dien-1-thione complex through a novel oxidatively induced
structural rearrangement of diruthenocenyl disulfide.

Diruthenoceny! disulfide (1 ¥4 was prepared in 11 % yield from
the reaction of lithioruthenocene with sulfur in THF at room
temperature overnight. In the cyclic voltammogram of 1 (0.1M
n-BugNClO4 solution in CH2CI2), an irreversible two-electron
oxidation wave was observed at +0.42 V (vs FcH/FcHY), along
with two irreversible reduction waves at -0.24 and -0.48 V (vs
FcH/FcHY). This is contrary to diferrocenyl diselenide which
undergoes two reversible one-electron oxidations.3 Moreover,
the cyclic voltammogram remained unchanged in the repeat of
oxidative and reductive scan. Then, complex 1 was oxidized with
benzoquinone and BF3-OEtp in CHpCly at 0 °C. The reaction
gave [Ru(n3-CsHs)(u-nlm#-CsHyS)2(BFg)y (2)4 as red
brown crystals in 74% yield. The TOF-MS spectrum of 2
showed the molecular ion corresponding to [Ru(nS-C5H5)(p.—
Nlm*-CsHyS)]p2+ at m/z 262 (M2+). The IH NMR spectrum
of 2 in CD3CN at room temperature reveals the signals at  4.56
(dd, /=2 Hz, 1H), 549 (dd, J=2 Hz, 1H), and 6.11 (t, J=2
Hz, 2 H), along with one singlet at 8 5.84 (5 H). The shift of the
Cp ring protons to a lower field (A 1.3 ppm) indicates the
accumulation of the positive charge on the Ru atom in 2. This is
also supported by the appearance of the Cp ring carbon in a lower
field region (& 89.96) in the 13¢ NMR spectrum. The fact that
the protons of the 2.4-cyclopentadien-1-thione ligand in 2 are in
asymmetric circumstances suggests a dimeric structure of complex
2 rather than a monomeric structure. The 13C resonance of the
thiocarbonyl carbon in 2 was observed at 6 161.82 ppm. This is
a striking contrast to the observation that the signal of the thio-
carbonyl carbon of diarylthioketones coordinated to a metal by the
lone-pair electron of sulfur shifts only a little to a higher field (A
~5 ppm) than that of diarylthioketones (& ~236).6 This may be
related to the high field shift (A ~20 ppm) observed in the
carbonyl carbon of [Ru(n#-CsH40)(m>-CsHs)p2+ (3) in its
origin (vide infra).’P It is noteworthy that complex 2 is more
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Figure 1. The ORTEP view of 2. Selected bond distances
and angles are as follows: C(1)-S(1) 1.684(6), Ru(1)-C(1)
2.421(6), Ru(1)-C(2) 2.247(6), Ru(1)-C(3) 2.191(6), Ru(1)-
C(4) 2.191(7), Ru(1)-C(5) 2.261(6), S(1)-Ru(2) 2.395(2) A;
Ru(2)-S(1)-C(1) 106.4(3), Ru(1)-S(2)-C(11) 106.4(2)°.

rigid than the 2,4-cyclopentadien-1-one complex 3, because the
latter shows a fluxional behavior in the solution at room
temperature.7b This is probably due to the stronger coordination
of the sulfur atom, compared with the oxygen atom, to the Ru
atom.

A single crystal X-ray crystallographic analysis confirmed the
structure of 2.8 The ORTEP view of the cation part of 2 is
shown in Figure 1. As demonstrated clearly in the Figure, the
complex 2 takes a dimeric structure, in which 2.4-cyclopenta-
dien-1-thione coordinates as a n4-ligand via the diene part to one
Ru atom and as a nl-ligand via the lone pair of the S atom to
another Ru atom. The latter coordination seems to be required to
comply with the 18e rule. The C(1)-S(1) [1.684(6) A] is slightly
longer than the corresponding distances [1.618(8) Al in the thione
complex, (CO)5CrS=CMe»? and considerably shorter than that in
the complex having a thiolatocyclopentadiene ligand, for example,
(n3-CsH4S)>RuPPh3 [1.734(4) and 1.732(4) A1.10 In the 2,4-
cyclopentadien-1-thione ligand in 2, a clear short-long-short
pattern is observed [C(2)-C(3) = 1.410(9) A, C(4)-C(5) =
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1.409(9) A, and C(3)-C(4) = 1.450(1)], as is the case of
cyclopentadienone complexes. /- The plane S(1)-C(1)-
C(2)-C(5) in the 24-cyclopentadien-1-thione ligand is folded by
9.9° from the plane C(2)-C(3)-C(4)-C(5) to the opposite side of
the Ru metal.13 The bond distances between Ru(l) and the
butadiene fragment in complex 2 for C(3) and C(4) are shorter
than for C(2) and C(5) by about 0.15 A. These structural features
is contrast to that in the complex having a thiolatocyclopentadiene
ligand,(n>-C5H4S)oRuPPh3, in which the C-C and Ru-C
distances of the ruthenocenyl moiety are similar to each other and
agree well with those for ruthenocene itself. 10 These findings
support the u-nlmA-coordination of the 2,4-cyclopentadien-1-
thione ligand in complex 2. However, the folding angle (9.9°) in
complex 2 is considerably smaller than the corresponding angle in
the cyclopentadienone complexes {e.g. 20.4° in Ru(n?-
C5H40)mP-CsH5)Br/2 and 18.0° in [Rum?-CsHa0)m1-
C5H5)—(CH3CN)]"'}7b and the Ru(1)-C(1) distance [2.421(6) A]
is considerably shorter than the corresponding distance in Ru(ns-
CsHs)(n*-CsH40)Br [2.60(1) A]72, and the carbon resonance
of the thiocarbonyl group appears at a high field (6 161.82 ppm).
These findings suggest a certain interaction between the Ru atom
and the thiocarbonyl group in 2. The limited structure B and C
other than the limited structure A may contribute to the structure
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of 2. In connection with this, it is noteworthy that the S(1)-S(2)
distance [3.010(3) A] is fairly shorter than the sum of the van der
Waals radii of sulfur [3.7 Al Complex 2 is reduced to
diruthenocenyl disulfide with (1°-CsHs)>Co in MeCN at 0°C for
4 hrin 93 % yield. The study conceming further reactivity of
complex 2 is in progress.
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