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Formation and Dynamic Properties of the Triangular
Rhodium pu3-Sulfido Complex
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Including an Acetylene Ligand Generated by the
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Summary: Deprotonation of the double-bridging u>-CH>
complex [RhaCp*2(u2-CH2)2(u2-SH)](BPhy) (Cp* = 5°-Cs-
Mes) with [RhoCp*a(uz-OH)3](BPhy) led to the isolation
of the trirhodium u3-S complex [Rh3Cp*3(us-172-||-C2H2)-
(u3-S)](BPhy)2, including an acetylene ligand generated
by a unique C—C bond coupling and deprotonation of
two u2-CH; groups. The dynamic property of the acety-
lene complex in both solution and the solid state was
studied by variable-temperature 'H, 13C, and CP/MAS
13C NMR spectroscopy.

The coupling of bridging methylene species is an
important step in solid surface reactions for producing
hydrocarbons from CO and syngas.! The C—C bond
coupling of two u,-CH; ligands in doubly bridging
methylene rhodium and ruthenium complexes takes
place to form alkenes.'2¢¢2 However, there has been
no observation of the generation of alkynes in these
coupling reactions.
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Upon deprotonation of the u2-SH group in [Rh,Cp*,-
(u2-CH2)2(u2-SH)(BPh,) (1)% with [RhoCp*a(u2-OH)s]-
(BPhy) (2a)* to synthesize a trirhodium us-S complex,
we have found an unexpected and unprecedented C—C
bond coupling to form the acetylene ligand from two u,-
CH; groups with the creation of the novel us-S trinuclear
cluster [Rh3Cp*3(,u3-172-||-C2H2)(,u3-S)]X2 (X = BPh, (38),
BF, (3b)). Here we report the formation of complex 3
involving a new C—C bond coupling and its dynamic
behavior.

Complex 1, [RhaCp*2(uz-CH2)2(u2-SH)](BPhy), has three
characteristic functionalities of the Rh(x-SH)Rh group:
the Rh—Rh single bond and two u,-CH, groups. By
primarily using the Rh(u-SH)Rh functionality, we have
discovered its unique reactivities toward electrophiles
such as 0,,°> Ag™,® and unsaturated hydrocarbons.” We
now use all three functionalities of 1 to synthesize
complex 3. The reaction of [RhoCp*z(u2-CH2)2(u2-SH-
)JI(BPhy) (1) with [RhoCp*2(u2-OH)3](BPhy) (2a) in ac-
etone at room temperature led to the formation of a
trirhodium u3-S complex with an acetylene ligand, [Rhs-
Cp*3(usn*||-CoHz)(us-S)I(BPh4), (3a), in a 34% yield
based on Rh.2 The BF, salt of 3b was obtained from
3a by anion exchange using Ph,PBF,. The mixed-metal
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Figure 1. ORTEP diagram of the cationic moiety of 3b.

complexes [IrRh,Cp*3(us-7?-||-C2H2)(u3-S)]X2 (X = BPhy
(4a) and BF4 (4b))® were also prepared in a similar
manner using [Ir,Cp*,(u-OH)3](BPh,) (2b)* instead of
[haCp*z(/lz-OH)3](BPh4).

The structure of 3b was confirmed by X-ray analysis®
together with FAB mass spectrometry and *H and 13C
NMR spectroscopy.? The cationic moiety of 3b com-
prises an equilateral triangle of three rhodium atoms
where one side of the triangle is capped by the triply
bridging sulfido ligand and the other side by the
acetylene ligand in a uz-2-|| fashion, as shown in Figure
1. The Rh—Rh (2.8252(8) A) and Rh—S (2.241(5) A)
bond distances are similar to those in [Rh3Cp*3(us-S)2]-
(BF4), (2.830(2) A for Rh—Rh, 2.285(2) A for Rh—S).10
Two carbon atoms of the C,H unit are disordered on
the triangle (the standard deviation of the distance
between them (1.12(5) A) is fairly large),® and the
distance between them is somewhat shorter than that
for the substituted us-1%-||-C2R, bonding mode.'* The
FAB mass and 13C NMR data® also support the exist-
ence of the C,H> unit; the ion-paired positive ion [{Rhs-
Cp*3(C2H2)S}BF4]T ([IMBF4]™) and the singly ([M]*) and
doubly charged molecular ions ([M]2") were observed at
m/z 859, 772, and 386, respectively; the nondecoupled
13C NMR signal at 6 144.6 with a double-double-quartet
has coupling constants of 1Jc—y = 178 Hz, 2Jc-y = 2
Hz, and Jc—rnh = 9 Hz due to an H—C—C—H skeleton.

This is the first example of acetylene formation from
two u»-CHj units. The hydroxide complex [RhoCp*a(u2-
OH)3](BPhy) plays an important role in the abstraction
of not only the proton of u»-SH but also that of u,-CH,
for the formation of the electronically saturated 48 e
trinuclear cluster 3 with three Rh—Rh bonds. The fate
of the hydroxide complex, however, is not yet clear. The
intriguing proton abstraction from the u,-CH- ligand
in the analogous dirhodium complexes [RhoCp*,(ua-
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CH,)(CH3)2] and [RhaCp*2(u2-CH,)(CO)Ph]* has been
proposed for some C—C bond formations under even
nonbasic conditions.2%12 The hydroxide complex gives
one Rh unit to the Rh—Rh function for construction of
the Rhs-triangle framework (Scheme 1). Our results
may suggest that the u-CH; species, formed on the
metal solid surfaces in the F—T and syngas reactions,
has a chance of bringing about a similar reaction by
interaction with M—OH functionalities on metal oxides
to produce acetylene as an intermediary C,!3 hydrocar-
bon.

The dynamic property of 3b in both solution and the
solid state was studied by variable-temperature 'H, 13C,
and CP/MAS 13C NMR spectroscopy. The 'H and 3C
NMR spectra of the Cp* ligands in CD3NO, shows a
single signal at 6 2.00 for the CHj3 protons, at 6 107.9
for the ring carbons, and at ¢ 11.1 for the CHg; carbons.
The 1°3Rh NMR signal resonates at 6 1218 as a singlet.
The uz-n?-||-C2H> ligand shows 1:3:3:1 quartet signals
at 60 10.01 (Ju-rn = 3.3 Hz) for the protons and at ¢
144.6 (Jc—rn = 9 Hz) for the carbons. These NMR
results suggest that the three Rh moieties are magneti-
cally equalized by the “windscreen-wiper motion”4 of
the acetylene ligand, as observed in [Rh3Cp3(CO)-
(PhC=CPh)].1> A similar motion was also observed in
4b, giving a 1:2:1 triplet signal for the us-n%||-C2H»
ligand in both the 'H NMR and 13C NMR spectra. Even
at —90 °C, the motion was not frozen (the spectral
patterns and the line widths are the same as those at
room temperature), in contrast with that of [Rh3Cps-
(CO)(PhC=CPNh)]. In the variable-temperature CP/MAS
13C NMR spectrum for the solid state of 3b, the
acetylene and Cp* carbons exhibited a narrow single
peak at room temperature, and the former peak was
not broadened even at —120 °C, showing that the
acetylene ligand is still mobile in the solid state at low
temperature.® This suggests that the cavity constructed
by the three Cp* ligands and the Rh triangle provides
enough space for the motion of the acetylene ligand
regardless of the state (solution or solid) of 3b, and its
activation energy is too small to freeze the motion. An
additional motional process was also found: at —120
°C each signal of the ring and the methyl carbons of
the Cp* ligand splits into four peaks with a 1:1:1:2
intensity ratio (Figure 2). The methyl groups and the
ring carbons within the Cp* ligand are not equivalent,

(M=Rh, Ir)
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Figure 2. Temperature dependence of the cyclopentadi-
enyl ring (a) and methyl (b) signals in solid-state CP/MAS

13C NMR spectra of 3b.

due to the cessation of the jumping motion of the Cp*
ligand, but the three Cp* ligands in 3b are still
equalized by the windscreen-wiper motion of the acety-
lene ligand. When the temperature was elevated, these
peaks exhibited signs of exchange averaging in response
to the reorientation that occurs due to the jumping
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motion. From the coalescence temperatures (—65 °C for
methyl and —30 °C for the ring) the activation energy
for the Cp* reorientation was estimated to be 18 kJ
mol~1, which is higher than the 13.5 kJ mol~?! value
reported for decamethylferrocene.16

We have isolated the two-electron-reduced (50-elec-
tron) species of 3b,” which shows a much slower
dynamic motion than 3b, and are now elucidating
various factors to determine the rate of motion.

Supporting Information Available: Text giving experi-
mental procedures and characterization data for 3 and 4,
tables giving full details of the crystal structure analysis for
3b, and a figure giving variable-temperature CP/MAS 13C
NMR spectra for [RhsCp*3(us-7?-I-C2H2)(1s-S)](BF4)2 (9 pages).
Ordering information is given on any masthead page.
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