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It is shown that there is no deuterium-isotope incorporation in the vinylidene CHPh group
of RuDX(CCHPh)(PtBu2Me)2 (X ) Cl, I) on the time scale of 24 h at 25 °C, which indicates
that the (unobserved) isomeric alkylidyne species RuX(CCHDPh)(PtBu2Me)2 is not readily
accessible under these conditions. Ab initio (B3LYP) calculations on the model MHCl(CCH2)-
(PH3)2 (M ) Os, Ru) show the ethylidyne isomer MCl(CCH3)(PH3)2 to be close in energy
(2.5, -1.1 kcal mol-1 for Os and Ru, respectively) and effectively inaccessible at 25 °C due
to the high energy (54.2, 45.5 kcal mol-1 for Os and Ru, respectively) of the transition state
for such a 1,3-migration. In contrast, simple rotation of the CCH2 group of MHCl(CCH2)-
(PH3)2 by 180° around the C-C axis is calculated to have a low barrier (8.1, 4.3 kcal mol-1
for Os and Ru, respectively), indicating this to be the mechanism for isomerization observed
in OsHCl(CCHPh)(PiPr3)2.

An increasing number of publications postulate a 1,3-
hydrogen migration (eq 1) for the conversion of a
hydrido/acetylide to a vinylidene complex,1 and this
reaction has recently been treated computationally,
considering both intra- and bimolecular mechanisms.2
A 1,3-migration, which could also convert a hydrido/
vinylidene to a carbyne (eq 2), might have been expected
to be difficult in the linear MCC geometry but it has
been reported.3

Against this background, the observed isomerization

of the CHPh group in the hydrido/vinylidene complex
in eq 3 (L ) PiPr3) was suggested4 to occur not by simple
rotation of the intact CCHPh ligand about its CdC axis,
but rather by an intermediate I, where rotation is facile
around the newly formed C-C single bond. The activa-

tion parameters for the observed fluxional process (i.e.,
the coalescence of the hydride resonances Ha and HA of
the two isomers in eq 3) are ∆Hq ) 11.0 ( 0.2 kcal mol-1
and ∆Sq ) 3.2 ( 0.6 cal K-1 mol-1.4 The rotational
barriers of vinylidene ligands have been found experi-
mentally to be in the range from 7 to 12 kcal mol-1,5
with a few exceptions, like [(η5-C5H5)Re(NO)(PPh3)-
(CCRR′)]+, where the barrier was found to be around
20 kcal mol-1.6
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Given that this 1,3-hydrogen migration process is a
potentially general mechanism for the creation of the
important carbyne ligand and given our simultaneous
but independent study of analogous RuHX(CCHR)L2 (X
) I, Cl) species,7 we were attracted to a more compre-
hensive study of what was a small part of a previous
study4 of OsHCl(CCHPh)L2. We report here the results
of synthetic, isotope-labeling, and computational studies
which reveal that an equilibrium such as that in eq 3
does not occur by a 1,3-hydrogen migration (i.e., via I)
but rather by rotation around the MdCdC bond axis
(M ) Os, Ru).

Experimental Section

General. All reactions and manipulations were conducted
using standard Schlenk and glovebox techniques under prepu-
rified argon. Solvents were dried and distilled under argon
and stored in airtight solvent bulbs with Teflon closures. All
NMR solvents were dried, vacuum-transferred, and stored in
a glovebox. 1H, 13C{1H}, and 31P NMR spectra were obtained
on a Varian Gemini 300, while 2H NMR spectra were recorded
on a Varian Inova 400 instrument. Chemical shifts are
referenced to residual solvents peaks (1H, 2H, 13C{1H}) or
external H3PO4 (31P). The complexes RuHCl(dCdCHSiMe3)(Pt-
Bu2Me)2,7 RuHCl(dCdCHPh)(PtBu2Me)2,7 OsHCl(dCdCH-
SiMe3)(PiPr3)2,7 RuH3Cl(PiPr3)2,8 RuH3Cl(PtBu2Me)2,7 and OsH2-
Cl2(PtBu2Me)29 were synthesized according to published pro-
cedures. PhCtCH (Aldrich) and Me3SiCtCH (Oakwood) were
distilled and degassed prior to use. PhCtCD (Aldrich) was
used as received. Infrared spectra were recorded on a Nicolet
510P FT-IR spectrometer. Elemental analyses were performed
on a Perkin-Elmer 2400 CHNS/O at the Chemistry Depart-
ment, Indiana University.
OsH3Cl(PtBu2Me)2. To a suspension of OsH2Cl2(PtBu2Me)2

(200 mg, 0.34 mmol) in toluene (10 mL) was added Et3N (100
µL, 0.72 mmol), followed by freeze-pump-thaw degassing 3
times. The suspension was warmed to room temperature, and
H2 (1 atm) was admitted into the Schlenk flask. In 2 h, the
reaction changed to a brown-yellowish solution with a whitish
precipitate. After the mixture was stirred for an additional
hour, the toluene solution was filtered through Celite. Re-
moval of the volatiles in vacuo left a brown solid. Yield: 141
mg (75%). Anal. Calcd for C18H45ClP2Os: C, 39.37; H, 8.26.
Found: C, 39.19; H, 8.09. 1H NMR (300 MHz, C6D6): δ -18.93
(br s, 3H, Os-H), 1.16 (vt, N ) 4.6 Hz, 36H, PC(CH3)3), 1.48
(vt, N ) 2.4 Hz, 6H, PCH3). 31P{1H} NMR (121 MHz, C6D6):
δ 45.2 (s). IR (Nujol, cm-1): ν(Os-H) 2143 (m).
RuHCl(dCdCHPh)(PiPr3)2. To a solution of RuH3Cl(Pi-

Pr3)2 (100 mg, 0.22 mmol) in 5 mL of toluene was added
PhCtCH (48 µL, 0.44 mmol). Immediately, the color of the
solution changed from brown-red to dark brown. The solution
was concentrated to dryness, pentane was added, and the
resulting solution was cooled at -40 °C to give an olive green
solid; yield 49 mg (40%). Anal. Calcd for C26H49ClP2Ru: C,
55.74; H, 8.82. Found: C, 55.97; H, 8.38. 1H NMR (300 MHz,

C6D6): δ -12.53 (t, JP-H ) 17.4 Hz, 1H, Ru-H), 1.20 (dvt, JH-H

) 5.7 Hz, N ) 13.8 Hz, 36H, PCH(CH3)2), 2.48 (m, 6H,
PCH(CH3)2), 4.35 (t, JP-H ) 3.6 Hz, 1H, CHPh), 6.85-7.20 (m,
5H, Ph). 13C{1H} NMR (75 MHz, C6D6): δ 20.20, 20.42 (both
s, PCH(CH3)2), 24.69 (vt, N ) 9.7 Hz, PCH(CH3)2), 109.67 (t,
JP-C ) 2.1 Hz, RudCdC), 123.59 (s, Ph), 126.54 (s, Ph), 128.74
(s, Ph), 133.77 (t, JP-C ) 2.5 Hz, Cipso, Ph), 329.24 (t, JP-C )
14 Hz, RudC). 31P{1H} NMR (121 MHz, C6D6): δ 51.0 (s). IR
(Nujol, cm-1): ν(Ru-H) 2071 (m), ν(CdC) 1610 (s).
RuHCl(dCdCH2)(PtBu2Me)2. A solution of RuH3Cl(PtBu2-

Me)2 (100 mg, 0.22 mmol) in toluene (5 mL) was frozen in
liquid N2, the headspace of the Schlenk flask was evacuated,
and excess HCtCH was introduced. On warming, a color
change from orange to deep brown was observed. Excess
HCtCHwas removed via vacuum. The resulting solution was
filtered through Celite, and the volatiles were removed to give
a dark brown solid. Yield: 80 mg (76%). Anal. Calcd for
C20H45ClP2Ru: C, 49.63; H, 9.37. Found: C, 49.81; H, 8.39.
1H NMR (300 MHz, C6D6): δ -14.42 (t, JP-H ) 18.3 Hz, 1H,
Ru-H), 1.26 (vt, N ) 6.3 Hz, 18H, PC(CH3)3), 1.35 (vt, N )
2.7 Hz, 6H, PCH3), 1.37 (vt, N ) 6.3 Hz, 18H, PC(CH3)3), 2.78
(t, JP-H ) 3.4 Hz, 2H, RudCdCH2).13 C{1H} NMR (75 MHz,
C6D6): δ 8.56 (vt, N ) 11.6 Hz, PCH3), 29.75, 29.88 (both s,
PC(CH3)3), 34.91 (vt, N ) 8 Hz, PC(CH3)3), 36.29 (vt, N ) 7.6
Hz, PC(CH3)3), 87.34 (t, JP-C ) 3.8 Hz, RudCdC), 328.41 (t,
JP-C ) 14.3 Hz, Ru)C). 31P{1H} NMR (121 MHz, C6D6): δ
41.9 (s). IR (Nujol, cm-1): ν(Ru-H) 2056 (w), ν(CdC) 1606
(s).
OsHCl(dCdCH2)(PtBu2Me)2. This compound was pre-

pared using an analogous procedure as described for RuHCl-
(dCdCH2)(PtBu2Me)2, starting from OsH3Cl(PtBu2Me)2 (50 mg,
0.09 mmol) and HCtCH. The compound was isolated as a
deep brown solid. Yield: 40 mg (76%). Anal. Calcd for
C20H45ClOsP2: C, 41.91; H, 7.91. Found: C, 41.64; H, 7.70.
1H NMR (300 MHz, C6D6): δ -17.41 (t, JP-H ) 14.5 Hz, 1H,
Os-H), 0.37 (t, JP-H ) 3.4 Hz, 2H, OsdCdCH2), 1.24 (vt, N )
6.1 Hz, 18H, PC(CH3)3), 1.38 (vt, N ) 6.3 Hz, 6H, PC(CH3)3),
1.57 (vt, N ) 3 Hz, 18H, PCH3). 13C{1H} NMR (100.6 MHz,
C6D6): δ 9.38 (vt, N ) 15.5 Hz, PCH3), 30.01 (vt, N ) 2.1 Hz,
PC(CH3)3), 30.42 (vt, N ) 2.8 Hz, PC(CH3)3), 36.12 (vt, N )
11.1 Hz, PC(CH3)3), 37.95 (vt, N ) 9.6 Hz, PC(CH3)3), 86.83
(t, JP-C ) 3.5 Hz, OsdCdC), 283.90 (t, JP-C ) 9 Hz, OsdC).
31P{1H} NMR (121 MHz, C6D6): δ 26.4 (s). IR (Nujol, cm-1):
ν(Os-H) 2160 (w), ν(CdC) 1612 (s).
Deuterium-Labeling Studies of RuDCl(dCdCHPh)-

(PtBu2Me)2. By 1HNMRSpectroscopy. RuDCl(dCdCHPh)-
(PtBu2Me)2 was prepared in an NMR tube by addition of
PhCtCD (4.8 µL, 0.044 mmol) to a solution of RuH3Cl(PtBu2-
Me)2 (10 mg, 0.022 mmol) in C6D6 (0.5 mL). In the 1H NMR
spectra recorded after 10 min and after 24 h at 25 °C, there is
no peak assignable to Ru-H (triplet at -12.65 ppm in RuHCl-
(dCdCHPh)(PtBu2Me)2).7
By 2H NMR Spectroscopy. In an NMR tube, RuDCl-

(dCdCHPh)(PtBu2Me)2 was dissolved in C6H6 (0.5 mL). 2H
NMR (61 MHz, 20 °C): δ -12.53 (s). After 24 h at 25 °C, the
2H NMR spectrum of the same sample showed only a singlet
at δ -12.53.

(5) (a) Consiglio, G.; Bangerter, F.; Darpin, C.; Morandini, F.;
Lucchini, V. Organometallics 1984, 3, 1446. (b) Consiglio, G.; Moran-
dini, F. Inorg. Chim. Acta 1987, 127, 79. (c) Boland-Lussier, B. E.;
Churchill, M. R.; Hughes, R. P.; Rheingold, A. L.Organometallics 1982,
1, 628. (d) Gamasa, M. P.; Gimeno, J.; Lastra, E.; Martin, B. M.; Anillo,
A.; Tiripicchio, A. Organometallics 1992, 11, 1373. (e) Beddoes, R. L.;
Bitcon, C.; Grime, R. W.; Ricalton, A.; Whiteley, M. W. J. Chem. Soc.,
Dalton Trans. 1995, 2873.

(6) Senn, D. R.; Wong, A.; Patton, A. T.; Marsi, M.; Strouse, C. E.;
Gladysz, J. A. J. Am. Chem. Soc. 1988, 110, 6096.

(7) Oliván, M.; Eisenstein, O.; Caulton, K. G. Organometallics 1997,
16, 2227.

(8) Burrow, T.; Sabo-Etienne, S.; Chaudret, B. Inorg. Chem. 1995,
34, 2470.

(9) Aracama, M.; Esteruelas, M. A.; Lahoz, F. J.; López, J. A.; Meyer,
U.; Oro, L. A.; Werner, H. Inorg. Chem. 1991, 30, 288.

(10) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;
Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Peterson, G.
A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
V. G.; Ortiz, J. V.; Foresman, J. B.; Ciolowski, J.; Stefanov, B. B.;
Nanayakkara, A.; Challacombre, M.; Peng, C. Y.; Ayala, P. Y.; Chen,
W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin,
R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J.
P.; Head-Gordon, M.; Gonzalez, C.; Pople, J. A. Gaussian 94, revision
D.I.; Gaussian, Inc., Pittsburgh, PA, 1995.

(11) (a) Rossi, A. R.; Hoffmann, R. Inorg. Chem. 1975, 14, 365. (b)
Jean, Y.; Eisenstein, O. Polyhedron 1988, 7, 405. (c) Rachidi, I. E.-I.;
Eisenstein, O.; Jean, Y. New J. Chem. 1990, 14, 671. (d) Riehl, J.-F.;
Jean, Y.; Eisenstein, O.; Pélissier, M. Organometallics 1992, 11, 729.

(12) ∆Hq ) 53.6 kcal mol-1 for Os, 45.1 kcal mol-1 for Ru.
(13) (a) Albright, T. A.; Hoffmann, R.; Thibeault, J. C.; Thorn, D. L.

J. Am. Chem. Soc. 1979, 101, 3801. (b) Demuynck, J.; Strich, A.;
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Deuterium Labeling Studies of RuDI(dCdCHPh)-
(PtBu2Me)2. Similar experiments to those described for the
chloride derivative were carried out.
Computational Details. Ab initio calculations were car-

ried out with the Gaussian 94 set of programs within the
framework of DFT at the B3LYP level.10 LANL2DZ effective
core potentials (quasi relativistic for the metal centers) were
used to replace the 28 innermost electrons of Ru, the 46
innermost electrons of Os, as well as the 10 core electrons of
P and Cl. The LANL2DZ basis set was used for all atoms but
the H of PH3, which were represented at the STO-3G level.
Polarization functions have been added to all atoms except for
the metal and the H of PH3. Full geometry optimization was
performed with no symmetry restriction, and the nature of the
optimized structure as a minimum or transition state was
assigned by numerical frequency calculations. Enthalpy dif-
ferences between structures were derived from the frequency
calculations. The obtained transition state structures were
given small structural perturbations, then further geometri-
cally optimized to ensure that they connect the reactant and
product of interest.

Results

Deuterium-Labeling Test of the Mechanism. If
I is the intermediate in the isomerization of eq 3, this
implies a scrambling of the hydride and vinylidene
hydrogens. Such scrambling must occur at the same
rate as the coalescence of hydrides Ha and HA (eq 3). At
24 °C, the half-life for the hydride exchange in OsHCl-
(CCHPh)L2, observed by 1H NMR coalescence, is 10-4

min. We, therefore, synthesized the more kinetically
labile RuDX(CCHPh)L2 (X ) Cl, I; L ) PtBu2Me)
according to eq 4. These isotopomers show D to remain

on Ru for 24 h at 24 °C in benzene (1H and 2H NMR
evidence). This excludes I as an accessible species from
the hydrido vinylidene ground state at 24 °C.
Theoretical Studies. Calculations have been car-

ried out for Os and Ru, and the results are similar for
both metal centers. As a consequence, numerical values
will refer only to Os, unless comparison is necessary for
the sake of discussion. Figures are drawn for the Os
complex, and equivalent figures for Ru are given in the
Supporting Information.
a. Hydride Migration Process. The hydrido/

vinylidene MHCl(CCH2)(PH3)2, 1Os and 1Ru, and the
related ethylidyne complexes 2Os and 2Ru are both
minima on the potential energy surface, and 1Os and
2Os are shown in Figure 1. The two minima are close
in energy: 1Os is more stable than 2Os by 2.5 kcal mol-1
(∆H° ) 4.8 kcal mol-1) (Figure 2), and 1Ru is less stable
than 2Ru according to the difference in electronic ener-
gies by 1.1 kcal mol-1 but more stable according to the
differences in enthalpies (∆H° ) 1.9 kcal mol-1). Note
that both 1 and 2 have the same valence electron count.
The complex 1Os has a distorted trigonal-bipyramidal
geometry with a small Cl-Os-H(3) angle (86.7°) and a
short Os-Cl bond (2.436 Å), indicating the presence of
an Os-Cl π bond. This structure, which is character-
istic of a 16-electron, five-coordinate complex with a
π-donor ligand, has been called “Y” in earlier work.11 It
is favored over the square-pyramidal structure by the
presence of a π donor, which makes a π bond between

one of the lone pairs of Cl and the empty xymetal orbital
(IIa). The vinylidene CH2 group lies in the Cl-Os-

H(3) mirror plane. This conformation has the empty
orbital of C(1) in the mirror plane, which stabilizes the
x2 - y2 orbital through back-donation (IIb) and leads
to a short Os-C(1) bond (1.831 Å).
The carbyne 2 is a square-planar complex with trans

phosphines. The metal xy and yz orbitals are involved
in π bonding with the carbon px and pz orbitals, which
stabilizes the formal Os(IV) oxidation state, shortens
the Os-C(1) bond (1.736 Å), and causes the phosphines
to bend slightly away from the carbyne (P-Os-P )
168.3°) to enhance Os-C(1) multiple bonding.

RuH3XL2 + 2PhCCD f

RuDX(CCHPh)L2 + PhCdCHD (4)

Figure 1. Optimized structural parameters for (a) OsHCl-
(CCH2)(PH3)2, 1Os, (b) transition state TS1-2 for H(3)
migration from Os to C(2), (c) OsCl(CCH3)(PH3)2, 2Os, and
(d) transition state TS1-1 for rotation of the vinylidene.

Figure 2. Relative energies (kcal mol-1) for OsHCl(CCH2)-
(PH3)2, 1Os, OsCl(CCH3)(PH3)2, 2Os, and the transition
states TS1-1 (rotation of the vinylidene) and TS1-2 (1,3-
hydrogen migration). Hydrogens on the phosphines have
been omitted for clarity.
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The transition state (TS1-2) has been located (Figures
1 and 3) at a very high energy (54.5 kcal mol-1 for Os,
45.5 kcal mol-1 for Ru)12 (Figure 1). The ligand atoms
form a square-planar geometry around the metal very
similar to that in the carbyne complex 2Os. The transfer
of H(3) to the terminal CH2 group requires a significant
displacement of H(3) out of the original mirror plane to
reach the available p orbital of C(2). To retain maxi-
mum bonding with other atoms along such a path, H(3)
can take advantage of the two available p orbitals of
C(1). At TS1-2, the C(1)-H(1) partially formed bond is
oriented in a plane which is intermediate between the
original plane (H(2)-C(2)-C(1)-H(3) ) 0°) and the final
plane (H(2)-C(2)-C(1)-H(3) ) 120°), since H(2)-C(2)-
C(1)-H(3) is equal to 68° (Figure 3). This situation
allows H(3) to start bonding with C(2), although the
C(1)-H(3) bond remains shorter (1.210 Å) than C(2)-
H(3) (1.502 Å). At the same time, C(1)-C(2) is consid-
erably lengthened (1.382 Å), showing the loss of π
character as C(1) and C(2) rehybridize. The metal is
in a conventional coordination geometry, so that it
appears that the extreme distortion within the carbon
ligand is the main cause for the high energy of the
transition state.
b. Vinylidene Rotation. A rotation of the vin-

ylidene by 180° about the Os-C(1)-C(2) axis is the
alternative mechanism for eq 3. The transition state
TS1-1 is calculated to be only 8.1 kcal mol-1 (∆Hq ) 7.4
kcal mol-1) for Os and 4.3 kcal mol-1 (∆Hq ) 3.9 kcal
mol-1) for Ru above the vinylidene structure. This is
clearly the preferred path for interconverting H(1) and
H(2) (Figure 1); the real rotational barrier should be
larger, with introduction of steric bulk on phosphorus
as well as phenyl at C(2), closer to ∆Hq observed (11
kcal mol-1) for OsHCl(CCHPh)(PiPr3)2.
The structure of TS1-1, a vinylidene complex, presents

some significant structural changes around the metal
with respect to the ground-state vinylidene complex.
The overall structure is a distorted square-based pyra-
mid, with apical hydride and basal chloride, vinylidene
(Cl-Os-C(1) ) 163°), and phosphine ligands. Since the
C(1)-Os-H(3) angle has remained approximately con-
stant, it appears that the rotation of the vinylidene has,
thus, been accompanied by a sliding motion of the
chloride within the mirror plane of the complex. In
addition, the Os-Cl bond has been significantly stretched
(2.484 vs 2.436 Å in 1Os) as a consequence of being trans
to a ligand and losing its π character to the metal.
Conversely, the Os-H(3) bond has contracted, as ex-
pected, from the absence of any trans ligand.
The factors that are responsible for the coordination

geometry change are worth discussing, since a correla-
tion between the rotation of a ligand and the coordina-
tion geometry at the metal is rare. The most related
case is that of d8 ML4(olefin) complexes where rotation
of the olefin and pseudorotation at the metal are
intimately mixed.13

The geometry of d6 ML5 has been found to be highly
sensitive to the nature of the ligand.11 In the presence
of a π donor (Cl), the passage from Y to square
pyramidal (T) has been shown to be facile.11 In the
present case, where the rotation and the sliding motions
are coupled, the change in geometry remains energeti-
cally accessible. In fact, the square-pyramidal structure
of OsHCl(CCH2)(PH3)2 with an apical H is not surpris-
ing, since it is also the structure for MHCl(CO)L2 (M )
Os,14 Ru14,15). A point of discussion is why two different
conformations of the same single-face π-acceptor vin-
ylidene favor two different geometries around the metal.
In the square-based pyramidal structure such as in
MHCl(CO)L2, the favorable factors are (i) a strong
σ-donor ligand like H which can be trans to the empty
site and (ii) the alignment of the π-donor Cl ligand and
π-acceptor ligand, which relieves the four-electron in-
teraction between the lone pair of the π-donor ligand
and π-acceptor trans ligand (III). This last interaction

would be operative for the π-acceptor orbital in the
mirror plane or perpendicular to it. If, however, the C(1)
empty p orbital lies in the mirror plane, the Y geometry
permits a more potent back-donation than the T struc-
ture through x2 - y2, which is destabilized by its
interaction with the Cl px orbital (IIb). Simultaneously,
as mentioned earlier, the π interaction between the
empty metal xy orbital and Cl py occupied orbital is also
favorable to the Y structure.
In summary, both MHCl(CCH2)(PH3)2 and MCl-

(CCH3)(PH3)2 gave optimized geometries which were
identified as minima on the potential energy surface.
Although the energy difference between the ground
state (hydride/vinylidene) and the four-coordinate eth-
ylidyne (planar OsClCP2 coordination geometry) is not
so large as to exclude I as an intermediate in the NMR
coalescence process observed for OsHCl(CCHPh)L2, the
high energy of the transition state to get to this carbyne
makes this species kinetically inaccessible.
Concerning the Existence of the Isomers in Eq

3. We were initially puzzled as to why OsHCl(CCHPh)-
(PiPr3)2 shows detectable populations of the syn and anti
isomers shown in eq 3 while RuHCl[CC(H)SiMe3]-
(PtBu2Me)2 (3) shows only one isomer by 1H and 31P
NMR. Since calculations showed the rotational barrier
to be higher for Os than for Ru (8.1 vs 4.3 kcal mol-1),
we considered that our 1H and 31P NMR observations
on RuHCl[CC(H)SiMe3](PtBu2Me)2 were above the coa-
lescence temperature, thus, failing to detect isomers.
We, therefore, did a variable-temperature study of this
ruthenium complex and (to test the metal, vinylidene,
and phosphine steric and electronic effects) the following
five analogous compounds: RuHCl(dCdCHPh)(PiPr3)2
(4), RuHCl(dCdCHPh)(PtBu2Me)2 (5), RuHCl(dCdCH2)-
(PtBu2Me)2 (6), OsHCl(dCdCH2)(PtBu2Me)2 (7), OsHCl-
(dCdCHSiMe3)(PiPr3)2 (8).

(14) Esteruelas, M. A.; Werner, H. J. Organomet. Chem. 1986, 303,
221.

Figure 3. View of TS1-2 down the C(2)-C(1) vector.

900 Organometallics, Vol. 17, No. 5, 1998 Oliván et al.

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 F

eb
ru

ar
y 

5,
 1

99
8 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

97
09

49
3



For compounds 3 and 4, there was no evidence for
coexistence of two isomers or NMR decoalescence down
to -90 °C in toluene-d8 by 1H and 31P NMR. Com-
pounds 6 and 7 show an unusual temperature depen-
dence of the hydride proton chemical shifts (in 6 it
moves 0.66 ppm upfield between 20 and -90 °C, while
in compound 7 it moves 0.77 ppm downfield between
20 and -90 °C) but no decoalescence down to -90 °C.
Compound 8 shows an unusual temperature depen-
dence of the hydride chemical shift; it moves 1.63 ppm
upfield between 20 and -90 °C and broadens by 0 °C
but never decoalesces. For complex 5, in the 1H NMR
spectrum at -90 °C, two overlapping triplets (at -12.1
and -12.24 ppm; relative intensities 1:4) were observed.
The 31P{1H} NMR spectrum at the same temperature
shows two peaks (relative intensities 1:4). However, our
experience with many M(X)(Y)(Z)L2 species with bulky
L shows that conformers (i.e., phosphine rotamers) can
be decoalesced below ca. -60 °C,16 and this is sufficient
to account for the NMR changes in compounds 5-8.
Thus, any evidence for decoalescence of isomers of 3-8
analogous to those in eq 3 is weak to nonexistent. The
existence of isomers (eq 3) and the energy of isomer-
ization between these is unaccountably larger for OsH-
Cl(CCHPh)(PiPr3)2 than for any of the analogues 3-8.
A referee has suggested that two vinylidene rotational
isomers, separated by a larger ∆G° for all pairs except
OsHCl(CCHPh)(PiPr3)2, could lead to negligible popula-
tion of one species by the time decoalescence is achieved.
Temperature-dependent populations would then ac-
count for the temperature-dependent chemical shift of
the averaged signal we observe.

Conclusions

While a 1,3-migration that interconverts hydrido-
vinylidene and alkylidyne complexes has been proposed

in some cases,3 such facile intramolecular isomerization
is not supported by the studies reported here. A
bimolecular mechanism for eq 2 (compare ref 2) is ruled
out by the near-zero ∆Sq value.4
The low rotational barrier of the vinylidene ligand in

the complexes MHX(CCHR)(PR′3)2 is supported by the
experimental data on compounds 3-8, as well as by the
theoretical studies. It remains unclear why the barrier
is higher in OsHCl(dCdCHR)(PiPr3)2 where R ) Ph
than when R ) SiMe3.
The change of coordination mode associated with the

rotation of the vinylidene is a rather rare feature of
transition-metal complexes and plays some role in this
complex. If the hydrido/vinylidene complex had been a
square pyramid, as is the case when the metal is bonded
simultaneously to a π donor X and a π acceptor like CO,
the rotation of the vinylidene would have been almost
entirely determined by the steric factors and not by the
electronic factors. This is because in a square pyramid
the two d orbitals that can back-donate electrons into a
π-acceptor ligand at the basal site are approximately
degenerate in energy (III). In the present case, the
back-donation is stronger in the Y geometry of the
ground state than in the T geometry of the transition
state. Thus, there is a nonnegligible electronic barrier
associated with the two structural changes (rotation
accompanied by a sliding motion in the molecular
plane). This result illustrates that metal coordination
geometry can be modified not only by changes in the
nature of the ligand, but also by their orientation in the
coordination sphere.
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