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Abstract

The reaction of the silica-supported complex (≡SiO)(≡SiOX)Rh(�3-C3H5)2, where X is H or Si, with excess PiPr3 leads
to the formation of the chemisorbed bis(phosphine) Rh(I) complex [≡SiORh(PiPr3)2]x, proposed to be dimeric (x = 2)
on the basis of the31P MAS NMR spectrum. The phosphine complex irreversibly binds H2 to give a hydride complex,
≡SiORh(PiPr3)2(H)2, characterized by IR and31P MAS NMR spectroscopy as well as D-exchange. The coordinatively
unsaturated hydride complex is inferred to be the active site for hydrogenation of olefins under mild conditions.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Supported rhodium hydride complexes are poten-
tially interesting recyclable hydrogenation catalysts.
Reactions of surface organorhodium fragments with
H2 were initially proposed to give hydride complexes
of unusual reactivity, capable of hydrogenating simple
olefins [1] as well as arenes[2], and even activating
methane[3]. However, the presence of particles of
metallic rhodium in the system[4,5] raised the ques-
tion of whether discrete rhodium hydrides were truly
responsible for the observed reactivity. The assign-
ment of a rhodium hydride vibration at 2048 cm−1 was
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also reevaluated[5,6]. Rhodium metal particles were
shown to cause spontaneous decarbonylation of in situ
generated allyl alcohol to give carbonyl ligands which
absorb in the same spectral region[7].

Phosphine ligands have long been used to stabilize
rhodium complexes in the presence of H2, starting with
Wilkinson’s catalyst, ClRh(PPh3)3 [8]. Hydrogenation
is initiated by dissociation of a phosphine ligand to
produce a coordinatively unsaturated metal complex,
which then undergoes oxidative addition of H2 [9].
Unfortunately, it is precisely this lability which has
foiled attempts to tether such catalysts to phosphinated
solid supports such as polystyrene or silica[10], since
many such systems experience serious leaching prob-
lems. Furthermore, catalytic activity may suffer from
reduced access of the substrate to the heterogeneous
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active site[11]. An alternate strategy is the grafting
of organometallic complexes directly onto high sur-
face area oxide supports[12], which can result in
well-defined surface organometallic fragments that ex-
perience strong interactions with an anionic surface
“ligand”.

We previously reported the preparation of well-
defined silica-supported analogues of Wilkinson’s
catalyst and Vaska’s complex,≡SiORh(PMe3)3 and
≡SiORh(PMe3)2(CO) [13,14], grafted via covalent
Rh–O bonds directly to the silica surface. The car-
bonyl complex does not react with H2, but does
undergo oxidative addition of HCl to yield a discrete
rhodium hydride complex. Coordinatively saturated
≡SiORh(PMe3)2(CO)(H)(Cl) is unreactive towards
olefins. In the presence of H2, ≡SiORh(PMe3)3 re-
distributes its phosphine ligands to yield the ion
pair (≡SiO−)[RhH2(PMe3)4]+, identified by ion ex-
change and extraction into solution[15]. Although
the solid material catalyses olefin hydrogenation (and
hydrogenolysis), the reactivity was attributed to the
presence of metallic Rh. The formation of metal
particles was suppressed when H2 was added in the
presence of excess PMe3. Under these conditions, the
cationic dihydride complex is formed quantitatively.
Unfortunately, it also shows no reactivity towards
olefins, presumably due to its coordinative saturation.

Molecular complexes of rhodium containing the
bulky triisopropylphosphine ligand display enhanced
reactivity in olefin hydrogenation[16], cyclooligomer-
ization [17] and isomerization[18] as well as C–C
coupling [19], the water gas shift reaction[20], al-
cohol and even alkane dehydrogenation[21,22].
In this contribution, we report the preparation of
silica-supported rhodium(I) phosphine complexes us-
ing the triisopropylphosphine ligand. The reaction
of silica-supported bis(allyl)rhodium(III),1 [23,24],
with PiPr3 results in the formation of new surface
rhodium–phosphine complexes which react with H2
and olefins.

2. Experimental

The silica used in all experiments was non-porous
Degussa Aerosil-200, with a surface area (derived
from the Brunauer–Emmett–Teller (BET) adsorption
isotherm) of ca. 200 m2/g. The silica was calcined

and partially dehydroxylated at 500◦C before re-
action with Rh(�3-C3H5)3. The number of surface
hydroxyl groups initially present on this silica, af-
ter 500◦C treatment, is 1.2 nm−2. Experiments were
performed in the absence of air and solvent in high
vacuum all-glass reactors using breakseal techniques
described previously[13]. Elemental analyses were
performed by ICP.

Rh(allyl)3 was synthesized according to the pub-
lished procedure[25]. PiPr3 (90%) was obtained from
Aldrich and stored in a grease-free reactor equipped
with a high vacuum Young valve. It was subjected to
freeze–pump–thaw cycles to remove dissolved gases
prior to use. H2 (Air Products), D2 (Matheson) and
cis-2-butene (Matheson) were used as received.

Samples for solid-state NMR were sealed under
vacuum in 5 mm× 30 mm pyrex NMR tubes placed
inside zirconia rotors for magic angle spinning at
4 kHz. High power proton-decoupled31P spectra
(frequency 81.0 MHz) were recorded on a Bruker
ASX-200 instrument using a 4�s 90◦ pulse. IR
spectra were recorded on a Mattson Research Series
FTIR equipped with a DTGS detector and a sample
compartment purged with dry air generated by a Bal-
ston Purge Gas Generator. Spectra were obtained at
4 cm−1 resolution by coaddition of 32 scans.

3. Results and discussion

3.1. Preparation of (≡SiO)Rh(allyl)2 and its
reaction with PiPr3

Sublimation of Rh(allyl)3 at room temperature onto
a silica pretreated at 500◦C results in evolution of
propene and formation of a yellow solid whose surface
contains bis(allyl)rhodium(III) fragments. The sup-
ported organometallic complexes have been described
as 18-electron (≡SiO)(≡SiOX)Rh(�3-C3H5)2, 1,
Eq. (1) [24].

≡SiOH+ ≡SiOX + Rh(�3-C3H5)3

→ (≡SiO)(≡SiOX)Rh(�3-C3H5)2 + C3H6

1 : X is Si≡; 1′ : X is H (1)

After prolonged desorption of volatiles to a liquid N2
trap, the Rh loading was measured to be 3.9 wt.%
(0.34 mmol Rh/g silica). Since the quantity of surface
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hydroxyl groups initially present on silica treated
at 500◦C is ca. 0.4 mmol/g[26], and since each
Rh(�3-C3H5)3 reacts with precisely one surface hy-
droxyl group during grafting[24], the quantity of
chemisorbed Rh corresponds to ca. 85% consumption
of the surface protons. Accordingly,1 is inferred to
be the major product while1′ is a minor product.

Addition of excess PiPr3 vapour to the silica-
supported bis(allyl)rhodium(I) fragments results in
the formation of 1,5-hexadiene, identified by GC.
Phosphine thus induces reductive elimination of the
allyl ligands from1, Eq. (2).

(≡SiO)(≡Si2O)Rh(�3-C3H5)2
1

+ nPiPr3

→ [≡SiORh(PiPr3)n]x
2

+CH2=CH(CH2)2CH=CH2 + ≡SiOSi≡ (2)

Similar eliminations of 1,5-hexadiene were reported
previously for reactions of1 with CO [27] and PMe3
[13]. Upon evacuation of volatiles, the yellow solid2
was found to contain 2.3 wt.% P (0.75 mmol P/g sil-
ica; 2.2 P/Rh). The major component of2 is there-
fore inferred to haven = 2, i.e. [≡SiORh(PiPr3)2]x.
The reaction stoichiometry is different from the anal-
ogous reaction of1 with PMe3, for which the major
product is≡SiORh(PMe3)3. The considerably greater
steric size of PiPr3 (Tolman angleθ = 160◦ versus
118◦ for PMe3 [28]) is presumably responsible for
the difference in stoichiometry. The observed value
of the ratio P/Rh > 2 could be interpreted as evi-
dence for the presence of a minor amount (≤10%)
of ≡SiORh(PiPr3)3. Although HRh(PiPr3)3 is known,
its structure is highly distorted[29], and ClRh(PiPr3)3
[30] has not been fully characterized[31].1

The in situ IR spectrum of2 contains bands char-
acteristic of the C–H stretching and deformation
modes of PiPr3 at 2964, 2929, 2875, 1465, 1379 and
1366 cm−1. A weak band at 1638 cm−1 is assigned
to theν(C=C) mode of allyl groups bound to siloxide
sites on the silica surface,≡SiOCH2CH=CH2. This
species was previously observed upon treatment of
1, 1′ with PMe3, along with traces of propene[13].

1 Early synthetic attempts were carried out under N2, prior to the
recognition of rhodium’s propensity to form dinitrogen complexes
in the presence of PiPr3.

The analogous reaction of1′ with PiPr3 is shown in
Eqs. (3) and (4).

(≡SiO)(≡SiOH)Rh(�3-C3H5)2
1′

+ 2PiPr3

→ (≡SiO)2Rh(PiPr3)2(�
1-C3H5)

3
+ CH2=CHCH3

(3)

(≡SiO)2Rh(PiPr3)2(�
1-C3H5)

3

→ ≡SiORh(PiPr3)2
2

+ ≡SiOCH2CH=CH2 (4)

A weak band at 1948 cm−1 is assigned to theν(CO)
mode of the minor product≡SiORh(PiPr3)2(CO),
4, by comparison to the corresponding feature at
1940 cm−1 in the IR spectrum of ClRh(PiPr3)2(CO)
[21]. The former is presumably the product of
decarbonylation of allyl alcohol derived from
≡SiOCH2CH=CH2. The analogous formation of
≡SiORh(PMe3)2(CO) was observed during sponta-
neous evolution of (≡SiO)2Rh(PMe3)3(�1-C3H5) [7].

The 31P MAS NMR spectrum of2 is a complex
one. The most intense signal is a multiplet centered at
56 ppm, a broad signal from 30 to 50 ppm and a clear
doublet at 43 ppm (JRhP: 180 Hz), Fig. 1a. Judging
by its intensity, the multiplet is associated with the

Fig. 1. 31P MAS NMR spectra of (≡SiO)(≡SiOX)Rh(�3-C3H5)2

(X is H or OSi≡) treated with (a) excess PiPr3, followed by
evacuation of volatiles, then (b) H2.
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major product, [≡SiORh(PiPr3)2]x. The structure
with x = 1 would be analogous to the monomeric
(three-coordinate) form of molecular ClRh(PiPr3)2,
which does not exist to an appreciable extent either in
solution [32] or in the solid state[33]. Furthermore,
we can confidently exclude the presence of mononu-
clear sites stabilized by additional coordination of
a siloxane oxygen, i.e. (≡SiO)(≡Si2O)Rh(PR3)2,
since the31P signals of analogous molecular com-
pounds (�2-CF3CO2)Rh(PiPr3)2 (δ: 69.8 ppm, d,
JRhP: 208.4 Hz[34]) and (�2-O2S(O)Me)Rh(PiPr3)2
(δ: 70.2 ppm, d,JRhP: 212.2 Hz [35]) occur at sig-
nificantly lower fields. (In addition, these com-
plexes are reported to be red or violet[35], unlike
2 which is yellow). In contrast, the31P signal of
dimeric [Rh(PiPr3)2(�-Cl)]2 occurs at 57.1 ppm (d,
JRhP: 197 Hz) [32]; the 31P chemical shift of orange
[Rh(PiPr3)2(�-OH)]2 is similar at 61.3 ppm (d,JRhP:
183 Hz) [36]. We therefore propose a dimeric struc-
ture for 2, [Rh(PiPr3)2(�-OSi≡)]2. The multiplet
signal at 56 ppm appears to be an overlapping doublet
of doublets or “pseudo-triplet”, indicating that the
siloxide bridges are asymmetrical and the phosphines
are disposed ascis pairs.

Dimerization implies mobility of supported Rh
complexes,Eq. (5), a phenomenon with precedent
in the chemistry of ≡SiORh(CO)2, which asso-
ciates rapidly on silica to give [Rh(CO)2(�-OSi≡)]2
[27].

2(≡SiO)Rh(PiPr3)2 � [Rh(PiPr3)2(�-OSi≡)]2
2

(5)

Mobility may be caused by the facile migration of sur-
face hydroxyls[37], or by “degrafting” of a cationic
intermediate such as [Rh(PiPr3)3]+ formed in the pres-
ence of excess phosphine[14]. A cationic species such
as (≡SiO−)[Rh(PiPr3)3]+, 5, may be responsible for
the signal at 43 ppm. In further support of this hy-
pothesis, the31P spectrum recorded in the presence
of excess PiPr3 shows, in addition to the sharp signal
at 19 ppm due to free PiPr3, enhanced intensity of the
peak at 41 ppm,Fig. 2a. Similar ion pair formation
was reported in the treatment of≡SiORh(PMe3)2(CO)
with excess PMe3, Eq. (6) [14]:

≡SiORh(PMe3)2(CO) + PMe3

� (≡SiO−)[Rh(PMe3)3(CO)]+ (6)

Fig. 2. 31P MAS NMR spectra of (≡SiO)(≡SiOX)Rh(�3-C3H5)2

(X is H or OSi≡) treated with (a) excess PiPr3, without evacuation
of volatiles, then (b) addition of H2 in the presence of excess
PiPr3, followed by evacuation.

The minor products (≡SiO)2Rh(PiPr3)2(�1-C3H5),
3, and≡SiORh(PiPr3)2(CO), 4, are expected to give
rise to signals close to those of “T”-square pyramidal
HRh(PiPr3)2Cl2 (δ: 45.7 ppm, d,JRhP: 97 Hz [38])
and ClRh(PiPr3)2(CO) (δ: 49.8 ppm, d,JRhP: 117.5 Hz
[32]). Both are candidates to contribute to the broad
signal at 30–50 ppm.

3.2. Reaction of (≡SiO)Rh(PiPr3)x with H2/D2

The reaction of2 with 53 kPa H2 results in a
deepening of the yellow colour and the appearance
of two new bands in the IR spectrum at 2162 and
2043 cm−1, Fig. 3a. These bands are stable under dy-
namic vacuum at room temperature. Their assignment
as ν(Rh–H) modes was confirmed by evacuation of
the reactor and addition of D2. The new bands disap-
peared, while two new bands at 1560 and 1488 cm−1

appeared,Fig. 3b. For comparison, the calculated H/D
isotope shifts based on the simple harmonic oscillator
approximation are 1529 and 1445 cm−1, respectively.

The position of the higher frequencyν(Rh–H)
mode, at 2162 cm−1, resembles bands reported for
the molecular complexes (�2-CF3CO2)RhH2(PiPr3)2,
at 2150 cm−1 [16], RhH2Cl(PiPr3)2 at 2140 cm−1

[39] and (�2-CH3S(O)O2)RhH2(PiPr3)2 at 2165 and
2135 cm−1 [35]. Therefore, we propose that oxidative
addition of H2 to [≡SiORh(PiPr3)2]2 generates the
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Fig. 3. Difference IR spectra of silica-supported rhodium hydrides,
obtained by the reaction of (≡SiO)(≡SiOX)Rh(�3-C3H5)2 (X is
H or OSi≡) with PiPr3 followed by (a) H2, then (b) D2. The
spectrum of the silica before addition of H2 was subtracted from
(a), followed by a baseline correction. Similarly, the spectrum of
the silica before addition of D2 was subtracted from (b).

dihydride,6, Eq. (7).

[(≡SiO)Rh(PiPr3)2]2
2

+ 2H2

→ 2≡SiORh(PiPr3)2(H)2
6

(7)

The structure of6 may be pseudo-trigonal bipyra-
midal, as are other very stable complexes of the
form RhH2ClP2 [32,38]. However, we cannot rule
out additional coordination of a siloxane oxygen, as
in (≡SiO)(≡Si2O)RhH2(PiPr3)2, analogous to the
pseudo-octahedral (�2-O2Z)RhH2(PiPr3)2. Both are
consistent with the observedν(Rh–H) frequency. Al-
though two bands are expected by symmetry, they are
not always resolved, as the spectra of the molecular

analogues show. The origin of the secondν(Rh–H)
mode at 2043 cm−1 is not presently known, but it
is much too low in frequency to assigned to6. The
only molecular analogue with a hydride vibration in
this region is Rh2H4(PiPr3)4, for which ν(Rh–H) was
reported at 2040 cm−1 [40].

The major signal in the31P MAS NMR spectrum
is deshielded upon hydrogenation of2, appearing
as a broad signal at 61 ppm with no resolved cou-
pling, Fig. 1b. It is assigned to6, by comparison
to the chemical shifts of RhH2Cl(PiPr3)2, 62.9 ppm
[32] and (�2-O2CCF3)RhH2(PiPr3)2, 61.8 ppm[16].
The signals at 48 and 42 ppm may arise from
minor products such as4, 5, Rh2H4(PiPr3)4 and
(≡SiO)2RhH(PiPr3)2 (by hydrogenation of3). The
31P shift of a molecular analogue of the last com-
plex, RhHCl2(PiPr3)2, is 45.7 ppm[38]. However, its
ν(Rh–H) vibration occurs at 1946 cm−1, well outside
the range of the hydride stretching modes shown in
Fig. 3b.

When H2 was added in the presence of excess PiPr3,
the31P spectrum was even simpler,Fig. 2b. The signal
at 61 ppm is assigned to the major product6, while
the minor peak at 42 ppm may be assigned to residual
5.

3.3. Reaction of silica-supported rhodium hydrides
with cis-2-butene

Exposure of6 (and its accompanying minor prod-
ucts) to 24 Torrcis-2-butene in the presence of excess
H2 led to the formation of butane (70% conversion
in 15 min at room temperature, in the presence of
0.5 mg Rh). Significantly, no other hydrocarbons
were detected. This observation rules out the pres-
ence of traces of Rh metal, which would catalyze
the hydrogenolysis of butane under these condi-
tions. The reactivity of6 contrasts with the lack of
hydrogenation activity of coordinatively saturated
(≡SiO−)[RhH2(PMe3)4]+ [15]. It is possible that
the activity of 6 derives from coordinative unsatura-
tion (i.e. five-coordination), as in RhH2Cl(PiPr3)2,
or that a siloxane ligand readily decoordinates from
a pseudo-octahedral form of the complex to allow
olefin binding. Ligand dechelation was presumed re-
sponsible for the styrene hydrogenation activity of the
related molecular complexes (�2-O2Z)RhH2(PiPr3)2
[16].
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Scheme 1.

4. Conclusion

The use of rigid unmodified silica as a support for
rhodium phosphine complexes is not sufficient to pre-
vent their mobility, but in the case of PiPr3 complexes,
it allows the preparation of discrete chemisorbed
rhodium hydride complexes,Scheme 1, which are
active in olefin hydrogenation, without concomitant
formation of Rh metal particles.

Acknowledgements

The authors thank Laura Anderson for helpful dis-
cussions. S.L.S. thanks the Government of Canada
for a Canada Research Chair. The support of NSERC
(Canada), in the form of a Research Grant, and the
Centre Jacques Cartier, in the form of a travel grant,
is gratefully acknowledged.

References

[1] M.D. Ward, J. Schwartz, J. Am. Chem. Soc. 103 (1981)
5253–5255.

[2] M.D. Ward, J. Schwartz, J. Mol. Catal. 11 (1981) 397–417.
[3] J. Schwartz, Acc. Chem. Res. 18 (1985) 302–308.
[4] H.C. Foley, S.J. DeCanio, K.D. Tau, K.J. Chao, J.H. Onuferko,

C. Dybowski, B.C. Gates, J. Am. Chem. Soc. 105 (1983)
3074–3082.

[5] P. Dufour, C.C. Santini, C. Houtmann, J.M. Basset, J. Mol.
Catal. 66 (1991) L23–L26.

[6] P. Dufour, C. Houtman, C.C. Santini, J.M. Basset, J. Mol.
Catal. 77 (1992) 257–272.

[7] S.L. Scott, C. Crippen, C.C. Santini, J.M. Basset, J. Chem.
Soc., Chem. Commun. (1995) 1875–1876.

[8] F.H. Jardine, Prog. Inorg. Chem. 28 (1981) 63.
[9] J. Halpern, T. Okamoto, A. Zakhariev, J. Mol. Catal. 2 (1976)

65.
[10] F.R. Hartley, P.N. Vezey, Adv. Organomet. Chem. 15 (1976)

189.

[11] C.M. Crudden, D.P. Allen, I. Motorina, M. Fairgrieve, in:
S.L. Scott, C.M. Crudden, C.W. Jones (Eds.), Nanostructured
Catalysts, Kluwer Academic Publishers, New York, 2003,
pp. 113–155.

[12] S.L. Scott, J.M. Basset, J. Mol. Catal. 86 (1994) 5–22.
[13] S.L. Scott, P. Dufour, C.C. Santini, J.M. Basset, Inorg. Chem.

35 (1996) 869–875.
[14] S.L. Scott, M. Szpakowicz, A. Mills, C.C. Santini, J. Am.

Chem. Soc. 120 (1998) 1883–1890.
[15] S.L. Scott, P. Dufour, C.C. Santini, J.M. Basset, J. Chem.

Soc., Chem. Comm. (1994) 2011–2012.
[16] U. Möhring, M. Schäfer, F. Kukla, M. Schlaf, H. Werner, J.

Mol. Catal. A: Chem. 99 (1995) 55–63.
[17] M. Bosch, M.S. Brookhart, K. Ilg, H. Werner, Angew. Chem.

Int. Ed. 39 (2000) 2304–2307.
[18] K. Madeja, W. Jabs, U. Hahn, W. Kalies, Z. Chem. 17 (1977)

235–236.
[19] H. Werner, J. Organomet. Chem. 475 (1994) 45–55.
[20] T. Yoshida, T. Okano, Y. Ueda, S. Otsuka, J. Am. Chem.

Soc. 103 (1981) 3411–3422.
[21] G. Gregario, G. Pregaglia, R. Ugo, Inorg. Chim. Acta 3

(1969) 89–93.
[22] K.C. Shih, A.S. Goldman, Organometallics 12 (1993) 3390–

3392.
[23] M.D. Ward, T.V. Harris, J. Schwartz, J. Chem. Soc., Chem.

Comm. (1980) 357–359.
[24] P. Dufour, C. Houtman, C.C. Santini, C. Nédez, J.M. Basset,

L.Y. Hsu, S.G. Shore, J. Am. Chem. Soc. 114 (1992) 4248–
4257.

[25] J. Powell, B.L. Shaw, J. Chem. Soc., Chem. Comm. (1966)
323.

[26] B.A. Morrow, Stud. Surf. Sci. Catal. 57A (1990) 161–224.
[27] P. Dufour, S.L. Scott, C. Santini, F. Lefebvre, J.M. Basset,

Inorg. Chem. 33 (1994) 2509–2517.
[28] C.A. Tolman, Chem. Rev. 77 (1977) 313.
[29] T. Yoshida, D.L. Thorn, T. Okano, S. Otsuka, J.A. Ibers, J.

Am. Chem. Soc. 102 (1980) 6451–6457.
[30] G.M. Intille, Inorg. Chem. 11 (1972) 695–702.
[31] T. Yoshida, T. Okano, D.L. Thorn, T.H. Tulip, S. Otsuka,

J.A. Ibers, J. Organomet. Chem. 181 (1979) 183.
[32] K. Wang, G.P. Rosini, S.P. Nolan, A.S. Goldman, J. Am.

Chem. Soc. 117 (1995) 5082–5088.
[33] D. Schneider, H. Werner, Angew. Chem. Int. Ed. Engl. 30

(1991) 700–702.
[34] H. Werner, M. Schäfer, O. Nürnberg, J. Wolf, Chem. Ber.

127 (1994) 27–38.



S.L. Scott et al. / Journal of Molecular Catalysis A: Chemical 204–205 (2003) 457–463 463

[35] H. Werner, M. Bosch, M.E. Schneider, C. Hahn, F. Kukla,
M. Manger, B. Windmüller, B. Weberndörfer, M. Laubender,
J. Chem. Soc., Dalton Trans. (1998) 3549–3558.

[36] O. Gevert, J. Wolf, H. Werner, Organometallics 15 (1996)
2806–2809.

[37] C.C. Santini, S.L. Scott, J.M. Basset, J. Mol. Catal. A: Chem.
107 (1996) 263–271.

[38] R.L. Harlow, D.L. Thorn, R.T. Baker, N.L. Jones, Inorg.
Chem. 31 (1992) 993–997.

[39] D.C.D. Butler, D.W. Bruce, P. Lightfoot, D.J. Cole-Hamilton,
Can. J. Chem. 79 (2001) 472–478.

[40] D.L. Thorn, J.A. Ibers, Adv. Chem. Ser. 196 (1982) 117–
134.


	Silica-supported rhodium hydrides stabilized by triisopropylphosphine
	Introduction
	Experimental
	Results and discussion
	Preparation of (SiO)Rh(allyl)2 and its reaction with PiPr3
	Reaction of (SiO)Rh(PiPr3)x with H2/D2
	Reaction of silica-supported rhodium hydrides with cis-2-butene

	Conclusion
	Acknowledgements
	References


