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CATALYSIS OF RHODIUM CLUSTERS.
P-C BOND CLEAVAGE REACTION OF TRIPHENYLPHOSPHINE

Kiyotomi KANEDA, Kotaro SANO, and Shiichiro TERANISHI
Department of Chemical Engineering, Faculty of Engineering Science,
Osaka University, Toyonaka, Osaka 560

Rh, (C0);,, Rh(CO) , and Rhy,(00) 5% cluster complexes catalyze the
P-C bond cleavage reaction of triphenylphosphine to give benzaldehyde and
benzyl alcohol. Formaldehyde is necessary for attaining high yield of
benzaldehyde.

Much attention has been paid to metal clusters because the metal clusters catalyze many new
kinds of chemical reactions and form models for studying the heterogeneous metal catalysis.l)

In the course of studies of rhodium carbonyl cluster catalysis, we have found that the rhodium
clusters catalyzed the P-C bond cleavage reaction of triphenylphosphine accompanying the carbonyla-
tion to give benzaldehyde and benzyl alcohol under mild conditions. Previously, we have reported
the palladiumassisted P-C bond cleavage reaction which was stoichiometric with respect to
palladium.z) In contrast to the palladium reaction, this rhodium reaction is catalytic and
characteristic to the rhodium cluster complexes.

Representative examples are shown in Table. Rhodium carbonyl clusters containing metal-metal
bond catalyze the P-C bond cleavage reaction. Rh§ (COo) 127 Rh6 (co) 16° and Rh12 (Co) 302" gave a
quantitative yield of benzaldehyde, respectively. ) On the contrary, RhCl3, RhCl(PPh3)3, and
Rh:2 (co) 4Cl2 had no activity. Pd (OAc)2 which had assisted the P-C bond cleavage reaction to give
stilbene, did not give benzaldehyde or benzyl alcohol under present reaction conditions.

Formaldehyde is necessary for attaining high yield of benzaldehyde. For example, in the
absence of formaldehyde, the yield of benzaldehyde decreased to 27%. It is remarkably dependent
on OO pressure; the optimum CO pressure is 5 atm. Under high pressure of CO, triphenylphosphine
can not coordinate to rhodium because CO molecules occupy all coordinating sites. Furthermore,
the presence of H, depressed the yield. In the absence of CO, the yield fell to 40%. It seems that
CO might play an important role of retaining cluster frame. Detailed roles of formaldehyde are not
clear yet. Probably, the aldehyde might act as a main source of supply of CO and hydrogen.

Other phosphorous campounds were applied to this reaction. However, alkylphosphine, phosphine
oxides, and phosphites gave no P-C, P-O , or C-O bond cleavage products. Triphenylphosphine only
reacts. Furthermore, other triphenyl-compounds of the group V elements were tried but the yields of
benzaldehyde were low (10% for Sb(C6H5)3, 8% for As(CGH5)3, and 1% for Bi (C6H5)3) . Triphenylamine
gave no products. Conclusively, this rhodium-catalyzed cleavage reaction shows a high reactivity
for phenyl-phosphorous compound.

Recently, Hong et. al., reported that rhodium clusters catalyzed addition of aramatic C-H bond

in benzene to unsaturated campounds to give phenyl substituted ones.4) Under present conditions,
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Table. Effect of Various Rhodium Compounds and Reaction
Conditions on Carbonylationa

Pressure Product Yield(%)b
CO(atm) Hz(at:n) Benzaldehyde Benzyl alcohol

ha (co) ,C1 5 0 0 0
4772 (0]
Rh4 (co) 12 98 trace C

Catalyst

5 0
Rh6(CO)l6 . 5 0 99 trace \Rh /P
Rh12(00)30 5 0 98 trace /. 1>co
Rh, (0) ;& 1 0 4 5 / \\ \
Rh6 (CO) 16 0 10 16 4 — R<
Rh6 (C0) 16 1 9 64 11 / Cco
Rh, (CO) , 20 30 16 4 Fig. Interaction between
Rhy (00) ;2 5 0 27 0 Rh-Cluster and Triphenyl-
Rh6 (co) 16 argon (10 atm) 40 5 phosphine
Rh, (C0) 1se 2 8 72 22

a. Using catalyat, 5x10"2 mmol; paraformaldehyde, 2.5 mmol; PPh3, 1 mmol; HZO’ 0.1 ml at 80°C
for 24 hr in 10 ml of dioxane. b. Based on PPh, mol. c. Refluxed in dioxane. d. Without adding
formaldehyde. e. Using formalin, 50 mmol.

however, benzene was not activated to give C-H bond cleavage products, e. g., benzaldehyde, benzyl
alcohol or biphenyl.

In the case of tri-p-tolylphosphine, p-tolualdehyde was exclusively formed. It can be said that
this reaction does not involve the ortho-metalation process.S) Considering that only cluster
canplexes have a catalytic activity and high reactivity for phenyl group,4’6'7) we can imagine that
two metal centers might assist the P-C bond cleavage reaction, which is demonstrated for hetero-
geneous catalysts (Fig).
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