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Surface-mediated Organometallic Synthesis of [=SiO]—-[RhH,(PMes),]*: the First
Example of a Cationic Organometallic Complex attached to the Silica Surface by lon

Pairing
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The reaction of silica-supported bis{allyl)rhodium, (=SiO){=SiOX(Rh(n3-C3Hs), 1 (X = H, Si=) with PMe; followed by H,
yields [RhH,(PMes)4]+, 2, which is characterised by IR, solid-state 31P NMR and elemental analyses and extracted
quantitatively from the surface by ion-exchange with Bun;NCI in nitromethane; the counterion of 2 is presumed to be a

siloxy group [=SiO]- of the silica surface.

An interesting approach to homogeneous catalysis involves
immobilizing organometallic complexes directly on surfaces.!
It has been observed that surface-supported catalysts often
have a considerable advantage over homogeneous analogues,
in that unsaturated intermediates are readily formed and
stabilized by the surface, which acts as a large and rigid ligand
to trap them.2 Although the supported organometallic com-
plexes superficially resemble heterogeneous catalysts, their
relatively uniform structure, reactivity and distribution on the
support material make them essentially homogeneous in
nature. In support of this idea, our recent investigations of the
chemistry of surface organometallic complexes of Rh have
revealed many similarities with molecular species and
homogeneous reactions.3

Several groups have observed that tris(allyl)rhodium reacts
with the hydroxyl-terminated silica surface to give a well-
defined bis(allyl)rhodium fragment, 1, linked to the surface
via a covalent bond to oxygen*¢ (eqn. 1). The surface
organometallic complex 1 probably attains an 18-electron
configuration by coordination to a surface silanol or siloxane
bridge.67 We have examined the reactivity of 1 towards H,,8.
CO3 and PMe;.!° We here report that the reaction of 1 with
PMe; followed by H, leads to the formation of a cationic
rhodium dihydride which we have characterised on the surface
and also extracted.

=SiOH + Rh(n3‘C3H5)3 g (ﬁlO)Rh(n3-C3H5)2 (1)
1

The complex 1 on silica-200 was exposed to PMe; then H,
without removing the excess PMe;. After 48 h, the sample was
evacuated to remove all volatile products and unreacted PMe,
and H;. In the IR spectrum, the bands characteristic of 16
completely disappeared. In addition to bands due to PMe;
[v(C-H) 2967, 2905 cm~1; (CHj) 1422, 1295 cm~!], a broad
band appeared at 1938 cm~!. When D, was used instead of
H,, the band at 1938 cm—1 was absent, and a band appeared
instead at 1386 cm~!. If the phosphine-containing sample was
first treated with H,, then evacuated and treated with D,, a
rapid (30 min) exchange occurred, indicated by the disappear-
ance of the band at 1938 cm—! and the appearance of the band
at 1386 cm~!. The proton-decoupled solid-state 3P MAS
NMR spectrum of the solidt contained two resonances at &
—11.9 and —24.7 [Fig. 1(a)]. Elemental analysis of the solid
revealed 4.90% P and 4.02% Rh, for a ratio of P/Rh of 4.0.

The solid was washed with dry, O,-free nitromethane
saturated with NaBPh, or Bun,NCl. The supernatant solution
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Scheme 1 Surface synthesis and extraction of cis-dihydridotetrakis-
(trimethylphosphine)rhodium(im)

immediately acquired a yellow colour, while the solid was
nearly completley decolourized. The IR spectrum of the
solution contained a band at 1964 cm—!. For NMR study, the
nitromethane was evaporated and the yellow precipitate
redissolved in D,O. The proton-decoupled 3!P NMR of the
D,0 solution contained two sets of resonances,f [Fig. 1(b].
Each resonance is a doublet of triplets (& —9.58, 1Jgp_p 70.0,
2Jpp 26.03 Hz; & -21.09, Ugnwpe 87.2, 2Jpp 26.35 Hz).
Elemental analysis of the solid before and after the extraction
indicated that 94% of the Rh and 95% of the phosphine passed
into solution.§

Based on the IR spectra, we propose that the product is a
rhodium hydride which exchanges its hydride ligands rapidly
with D,. The fact that this hydride species can be extracted
quantitatively from the surface by ion exchange implies that
there is no longer a covalent bond between Rh and silica. The
extracted species was unambiguously identified as the cis-
dihydridorhodium complex, 2’, by comparison of its IR and
31P NMR spectra with those of the known molecular complex,
cis-[RhH;(PMe;),4]CLY The cis geometry of 2’ is consistent
with the 31P solution spectrum, which shows two sets of two
equivalent P atoms coupled to Rh. On the silica surface, the
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Fig. 1 Proton-decoupled 3'P NMR spectra of the cationic dihydride
[RhHx(PMes)4]*: (a) solid-state spectrum of the cation 2 on the silica
surface, with counterion =SiO~ (spectrum obtained using magic angle
spinning); (b) solution spectrum of the cation 2’ extracted from the
silica surface with Bun,NCI in MeNO, and redissolved in D,O
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counterion for the cationic thodium dihydride is probably the
surface itself, which may contain deprotonated siloxy groups.

Additional evidence for the cationic nature of 2 is the
18-electron count of the extracted species 2’, which renders
unlikely the coordination of 2 to a surface ligand. The
quantitative extraction of 2 rules out the possibility of
disproportionation of a surface species to anionic and cationic
complexes, as we have already observed in the adsorption of
Co,(CO)g on MgO, which gives Co2*+[Co(CO)4]2.1! The
forination of 2 is shown in Scheme 1.

It seems likely that the reaction of 1 with PMe; leads to the
formation of a surface analogue of CIRh(PMe;);, i.e.
(=SiO)Rh(PMes);. The reaction of this species with H, may
give 2 by reactions which have precedent in molecular
chemistry (eqn. 2-3).12

Cth(PMe3)3 + Hz —> [Rth(PMC3)4]C]
+ unidentified Rh products (2)

CI[Rh(PMes)+] + Hy — [RhH,(PMe3)JCl  (3)

In eqn. (2), the cationic dihydride is formed even in the
absence of excess phosphine, by a mechanism which requires a
bimolecular redistribution of ligands. We have observed that 2
is formed on the silica surface even in the absence of excess
phosphine, but in this case the reaction is not quantitative. ||

The use of oxide surfaces in organometallic synthesis has
already been applied to the preparation of neutral and anionic
carbonyl clusters of Os,!3 Rh,14.15 Ir'6 and Pt.17 The rhodium
dihydride complex 2 is, to our knowledge, the first example of
the surface synthesis of a cationic organometallic complex, the
anion being a surface siloxy group =8iO—.
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Footnotes

+ The sample was transferred to a zirconia rotor in an argon-filled
glove bag. The solid-state 31P spectrum was recorded on a Bruker
MSL-300 spectrometer using magic angle spinning (34 kHz) and
proton decoupling (pulse length 1 u, recycle delay 1s, number of
scans 7300, line broadening 30 Hz before Fourier transform).
Chemical shifts were referenced to 85% H;PO,; the error in the
reported chemical shifts is ca. 0.3 ppm.

i Referenced to H3POy in D,O.

§ The phosphine which remains on the surface may be O=PMe;.
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1 IR (Nujol): v(Rh-H) 1965 cm~!, v(Rh-H)/¥(Rh-D) = 1.39.18 31p
NMR (CD3;NO,): dp, (axial) —11.08 (td, Jry-p 94.4,2/p_p 28.0 Hz), Op
(equatorial) —22.69 (br m, Jgryp 114.7 Hz).12

[| In the absence of excess trimethylphosphine, the formation of 2
requires that surface complexes such as (=8iO)Rh(PMe;), migrate
and exchange phosphine ligands. The Rh which gives up its
phosphines is then reduced to metallic Rh by H,.10
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