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Reaction of Ru(cod)(cot) (1) [cod: 1,5-cyclooctadiene, cot: 1,3,5-
cyclooctatriene] with phenyl vinyl sulfide or ether in the presence
of depe [1,2-bis(diethylphosphino)ethane] gives the new
complexes Ru(n?-CoH3YPh)(cod)(depe) [Y = S (2), O (3)].
Upon reaction with PMe,, selective ligand exchange of PhOC,H4
takes place exclusively in 3to give Ru(cod)(depe)(PMe3) 4),
whereas 2 gives exchange reaction of either PASC,Hz or cod
giving 4 or Ru(nz—CzHgsPh)(PMeg)z(depe) ).

Ligand exchange control in zerovalent ruthenium complexes'
is a delicate problem related to the increasing interest on low
valent ruthenium complexes due to their high performance and
selectivity in catalysis.? In this context, Ru(cod)(cot) (1) showed
to release one or two ligands giving C-X bond cleavage (X = H>,
034, 8% of allylic and vinylic substrates in the presence of
phosphines or to induce simple ligand exchange reactions.®
During our studies on zerovalent ruthenium chemistry, we found
the new stereochemically rigid 5-coordinate Ru(0) complexes Ru(
nz—CzHgYPh)(cod)(depe) [Y =S (2),0 (3)]. In this paper, we
wish to communicate their preparation and controlled ligand
exchange reaction of 2 and 3 with trimethylphosphine.

The reaction of 1 with phenyl vinyl sulfide or ether in the
presence of 1 equivalent of depe at room temperature for 24 h
afforded the new alkene ruthenium(0) complexes Ru(n?-
C,H3YPh)(cod)(depe) [Y = S (2),7 O (3)%] in 73 and 88%
yields, respectively (eq 1).

r.t
toluene

[Ru(17- CoHaYPh)(cod)(depe) (1)

Y=8 2 73% yield

O 3 88% yield

The molecular structures for 2 (Figure 1) and 3 have been
determined by X-ray structure analysis.? The bond distances of
Rul-CI [2.160(5) A] and Rul-C2 [2.185(4) A] in 2 indicate that
the PhSC,H3 ligand is coordinated through the vinyl moiety.
Analogous structure was also determined for 3. The geometry of
these complexes can be rationalized as distorted trigonal
bipyramidal structure with the bidentate depe and cod ligands,
both occupying one apical and one equatorial positions. The
other equatorial position is occupied by the vinyl sulfide or ether.

3IP{TH} NMR spectrum of 2 shows two AB quartets at
(63.3, 62.6) and (58.4, 55.9) ppm in 1.8 : | ratio, suggesting
that 2 exists as an isomeric mixture in solution. Interestingly,
3Ip{'H} CP-MAS NMR of the crystals of 2 shows two broad
resonances at 64.2 and 63.3 ppm, close to the major resonances
observed in solution. Therefore, the major AB quartet in solution
is considered to correspond to the structure in the solid state. On
the other hand, *'P{'H} NMR spectrum of 3 displays a major
AB quartet at 63.3 and 62.8 ppm with two other small sets of AB
quartets at (61.0, 59.5) and (58.2, 52.2) ppm (total ratio = 23 : 3
: 1 respectively). *'P{'H} NMR also suggests that the major
species in solution corresponds to the structure in solid state.

1 + depe + PhYCoH3

Figure 1. ORTEP drawing of 2 with the numbering scheme. The hydrogen
atoms are omitted for clarity. Selected bond distances (A) and angles (deg) for
3: Rul-Cl, 2.160(5); Rui-C2. 2.185(4); C1-C2, 1.443(7); PI-Rul-C2,
93.0(1); P2-Rul-Cl, [29.9(1); P1-Rul-C9, 116.1(1); Pi-Rul-C10, 82,2(1);
P2-Rul-C9, 162.0(1); P2-Rul-CI0, 160.3(1).

'H NMR and 13C{'H} NMR spectra of 27 also show two sets of
vinyl resonances for two different species in solution. Larger
J(CP) values for the vinyl moiety in the minor species may be
arisen from geometrical difference of the isomers. These data
clearly indicate that the phenyl vinyl sulfide ligand coordinates
exclusively through the vinyl moiety giving two distinguishable
isomers.

One of the possible explanations for the formation of these
isomers is as follows: Chelation of both cod and depe induces
chirality at the metal center and thus, 2 and 3 are obtained as a
mixture of two diastereomers (I and II) due to enantioface
selection of the prochiral phenyl vinyl sulfide or ether (Scheme
1). In addition, metal-olefin rotation gives rise to a pair of
geometric isomers (rotomers), when rotation is restricted. Thus,
four magnetically inequivalent isomers are essentially considered,
although only 2 and 3 isomers were detected for 2 and 3,
respectively. Observation of such isomers for 2 and 3 by NMR
is noteworthy, since d® 5-coordinate complexes are generally
stereochemically nonrigid.'?

Isomerization of the major isomer in 2 started inmediately
after dissolving the crystals in C¢DsCD5 at -10 °C in the 3'P{'H}
NMR, giving the mixture of the two isomers at room temperature.
Preferential crystallization of only one isomer may be arisen from
its thermodynamic stability in the crystal lattice or the difference
of solubility. On warming a C¢DsCD3 solution of 2 at 70 °C,
only the minor AB quartet reversibly broadened. This suggests
that the two observed isomers are not exchanging to each other on
the NMR time scale, but the minor species is exchanging with its
unstable rotomer. In case of 3, the smallest set of signals seems
to be exchanging with the largest one at 60 °C, while the other
small set remains unchanged. However, formation of a statistical
mixture of 2, Ru(#*-C2D3S8Ph)(cod)(depe) (2-d3), PhSCaDs3 and
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PhSC,Hj3 on mixing 2 and PhSC,D3 in C¢Dg indicates that a
facile ligand exchange between coordinated and free sulfides is
taking place probably by a dissociative mechanism.

Scheme 1
Ety
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These results indicate that two different exchanging processes are
operating in these systems. [t is interesting to note that the isomer
ratio is independent on the temperature (- 40 °C ~ 70 °C)
suggesting negligible AS for this equilibrium.

Ligand exchange reaction of 3 took place with PMej to afford
exclusively Ru(cod)(depe)(PMe3) (4),'! whereas 2 gave a
mixture of 4 and Ru(n?-C,H3SPh)(PMes)x(depe) (5)!'2 in 34 and
66% yields, respectively (based on 3'P{'H} NMR integration).
The resultant mixture of 4 and 5 liberated ethylene on
protonolysis by HCI, suggesting that the sulfur-vinyl bond in 5
is activated due to the highly reduced character of ruthenium by
two extra electron-donating PMejligands. The mixture also
reacted with Mel affording Rul(n!-C2Hj3)(PMes)a(depe) (6)!3
and MeSPh (eq 2).

6 Mel

Rul(n'-GH3)(PMes)o(depe)+ MeSPh (2)
r. t., toluene

(6)

'H NMR of 6 displays the characteristic resonances at low field
for the o-vinyl moiety at 7.57, 6.13 and 4.95 ppm. 3'P{'H}
NMR spectrum of this complex exhibits an AA'BB' pattern
suggesting an octahedral structure with 4 phosphorus atoms
located in the equatorial plane. Two vinylic resonances in the
BC{'H} NMR at 164.3 and 121.26 ppm appeared as quintets
due to coupling with the four P nuclei which accidentally have
identical coupling constants.

Probably, one of the factors that direct the reaction path of 2
and 3 with PMej is the strengh of the Ru-olefin bond. In both
cases, the X-ray structures show the PhYC,Hj ligand occupying
one of the equatorial sites in the 5-coordinated complexes. Since
equatorial sites are known to permit the greatest back-donation, '©
the more electronegative S atom may enhance the back-donation
making the Ru-olefin bond in 2 stronger than in 3. This may
explain the displacement of cod and PhSC;Hj3 in 2 but only
PhOC,Hj3 in 3. Another factor which cannot be neglected is the
fact that the minor isomer of 2 displays almost double J{CP) for
the vinyl moiety than the major isomer.” This big difference
reflects an effective back-donation and thus, suggests stronger
Ru-olefin bond in the minor isomer. Therefore, it is reasonable to
assume that the minor isomer is responsible for the cod ligand
exchange reaction with PMes. However, in order to clarify the
controlling factors of the parallel ligand exchange process, we
must wait for further kinetics and thermodynamics studies of the
reaction.
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