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Summary: The reversible arm-off dissociation of the
tripodal ligand MeC(CH,PPh,), in HRh(CO)[n*-MeC-
(CH,PPh,),] (1) under H,/CO (1:1) was studied by high-
pressure IR and NMR spectroscopy. The formation of
HRN(CO),[72-MeC(CH,PPh,);] (2) was observed, which
explains the low n/j ratio observed for the hydro-
formylation of olefins.

The application of tripodal phosphine ligands in ho-
mogeneous catalysis has received considerable interest.!
While n’-coordinated tripodal ligands provide a rigid ge-
ometry around the metal center, dissociation of a phos-
phine arm results in »?-coordination of higher flexibility.
This process, known as “arm-off” dissociation, has been
implicated in several organometallic and catalytic reactions
involving tripodal phosphine ligands.? Venanzi and co-
workers have postulated that the formation of HRh-
(CO)[#*-MeC(CH,PPh,);] (1) from H;Rh[n3-MeC-
(CH,PPhy);] and CO involves the initial dissociation of one
of the phosphine arms of MeC(CH,PPh,); to generate a
coordinatively unsaturated intermediate, H;Rh[#?-MeC-
(CH,PPhy),].?¢ Caulton and co-workers have recently
reported evidence for the formation of MeCORh(CO),-
[2-MeC(CH,PPh,),].% The formation of a rhodium com-
plex containing P(CH,CH,PPh,); with a free phosphine
arm was also detected by Bianchini et al.® We now wish
to present the first experimental evidence for the reversible
dissociation of a phosphine arm of MeC(CH,PPh,); in 1
under hydroformylation conditions, resulting in HRh-
(CQO)o{n>-MeC(CH,PPh,)] (2).

HRh(CO)[#*-MeC(CH,PPh,),] (1) was prepared by the
reaction of equimolar Rh(CO),(acac) and MeC(CH,PPh,),
under Hy/CO (1:1) in THF.2 The reversible reaction of
1 with CO under H,/CO was studied by high-pressure IR*
and NMR? spectroscopy. The IR spectrum of a yellow
solution of 1 in THF (8 mmol/L) shows to bands at 1940
(vw) and 1909 (vs) cm™, which are due to the H-Rh and
terminal carbonyl vibrations (Figure 1). When the solu-
tion was treated with H,/CO up to 1100 psi, the intensities
of these bands decreased and two new bands appeared at
1989 (s) and 1943 (vs) cm™!. Since the same bands were
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Figure 1. High-pressure IR spectra of HRh(CO){n3-MeC-
(CHyPPh,)5] (1) in THF under 90 (A), 600 (B}, and 1100 (C) psi
of H,/CO pressure at room temperature.
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Figure 2. High-pressure 1P NMR spectra of HRh(CO)[*-
MeC(CH,PPh,);] (1) in THF-dg under 15 and 450 psi of H,/CO
pressure at room temperature. The small peaks labeled with
asterisks are due to phosphine oxide impurities.
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also observed by performing the reaction with DRh-
(CO)[n*-MeC(CH,PPhy)3] under D,/ CO, they are attrib-
uted to terminal carbonyl vibrations. The ratio between
the intensities of the new bands does not change by
changing the H,/CO pressure, indicating that only one new
compound is formed. The concentration of 1 decreased
linearly by increasing the CO pressure. Finally, when the
pressure was decreased to 15 psi, 1 re-formed quantita-
tively. These results suggested the facile formation of
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HRh(CO),[7*MeC(CH,PPh,),;] (2), containing a free
phosphine arm (Scheme I).

The exact coordination mode of the triphos ligand in 2
was established by high-pressure NMR spectroscopy. The
31P NMR spectrum of 1 (0.05 mmol) in 1.8 g of THF-dj
shows a doublet at 18 ppm (Jg,p = 118 Hz; Figure 2),
indicating three chemically equivalent -CH,PPh, arms
bonded to rhodium.2d When the solution was charged with
450 psi of Hy/CO (1:1), the intensity of the doublet de-
creased and two new resonances appeared (Figure 2), a
doublet at 15.9 ppm (Jg,_p = 113 Hz) and a singlet at -26.8
ppm, with relative intensities of 2:1, respectively. These
resonances are assigned to an n?-MeC(CH,PPh,), ligand
in 2, which has one ~-CH,PPh, arm not bonded to the
rhodium. When the pressure was increased to 900 psi, the
relative intensity of the doublet at 18.0 ppm further de-
creased and the intensity of the resonance assigned to
n?-MeC(CH,PPh,), proportionally increased. Measure-
ments of the equilibrium between 1 and 2 are in progress.

In conclusion, we have established by high-pressure IR
and NMR spectroscopy that the tripodal ligand MeC-
(CH,PPh,); can readily undergo reversible dissociation of
one of its phosphine arms under hydroformylation con-
ditions. The arm-off dissociation can rationalize the low
n/i selectivities frequently observed in the catalytic hy-
droformylation of olefins using triphos-modified rhodium
catalysts.2® The coordination of the n>-MeC(CH,PPh,),
ligand to rhodium is similar to that of n*Ph,P(CH,);PPh,,
and bis(diphenylphosphino)alkane-modified rhodium hy-
droformylation catalysts are known to give low n/i ratios.”
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Summary: Treatment of (1,3-bis(trimethyisilyl)cyclo-
pentadienyl)titanium trichloride with silver triflate (1 equiv)
and acetylacetone RCOCH,COR (2 equiv, R = CHj, 'Bu,
CF,) in dichloromethane affords the triflate complexes
[(1,3-C4(Si(CH3)3),H4) Ti(CH,COCHCOCH,),] tTfO", [(1,3-
Cs(Si(CH,)3),H4) TI(BUCOCHCO®Bu),] *TfO", and [(1,3-Cs-
(SI(CH3)3),H3) TI(CF ;COCHCOCF,),OTf]. Similar reactions
using (1,2,4-tris(trimethylsilyl)cyclopentadienyljtitanium
trichloride and RCOCH,COR (R = 'Bu, CF;) give [(1,2,4-
C5(Si(CH,),)sH,) Ti'BUCOCHCOBU), ] *TfO~ and [(1,2,4-
C5(Si(CH,3)3)3H,) TI(CF;COCHCOCF,),0Tf]. These com-
plexes exhibit modest to excellent solubility in alkkane and
perfluoroalkane solvents and demonstate that ionic com-
plexes can be solubilized into even the most nonpolar
solvents with the appropriate choice of ligands. The lonic
versus molecular nature of the complexes has been es-
tablished through crystal structure determinations for
[(1,3-C5(SI(CH;)4),H3) Ti(CH;COCHCOCH,),] *TfO~ and
[(1,3-C5(Si(CHs)3),H3)Ti(CF ,COCHCOCF,),0Tf].

Cationic transition-metal complexes possessing an
available coordination site promote a number of important
reactions, including olefin polymerizations,? alkene and
alkyne hydrogenations,® and many others.! The high
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reactivity associated with these complexes arises at least
in part from the enhanced electrophilicity of the metal
center, which favors strong coordination of the organic
fragments. However, the extreme Lewis acidity of the
cationic site can lead to variety of deactivation processes,
including atom abstraction from a reactive solvent® and
strong coordination of the solvent required to solubilize
an ionic complex.® For these reasons, it would often be
desirable to conduct catalytic transformations in solvents
of low nucleophilicity and reactivity, such as saturated
alkanes or perfluoroalkanes. Unfortunately, cationic
transition-metal complexes tend to be rigorously insoluble
in such media. We have therefore sought to develop lig-
ands for cationic complexes that boost solubility in non-
polar solvents without kinetically deactivating the resultant
species.” In this context, we report the synthesis, struc-
ture, and solubility of complexes of the formula [(55-C;-
(Si(CHj)g) ,Hs ) Ti(acac),]*OTS (n = 2, 3; acac = CH;, CF,,
and 'Bu 2,4-disubstituted acetylacetonates). These com-
plexes exhibit modest to excellent solubility in alkane and
perfluoroalkane solvents and demonstrate that ionic com-
plexes can be solubilized into even the most nonpolar
solvents with the appropriate choice of ligands.
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