First gold complex-catalysed selective hydrosilylation of organic compoundst
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The first examples of the hydrosilylation of organic com-
pounds such as aldehydes and an aldimine using a catalytic
amount of a gold complex, which accomplished versatile
regio- and chemo-selective reduction of carbonyl com-
pounds, are described.

The exploration of catalytic reactions using soluble gold
complexes has been a challenging area in organic synthesis..2
The design of synthetic reactions using gold complex cataysts
is still considered to be a difficult subject, though some
successful systems have been reported. A considerable number
of transition metal complexes have been employed as catalysts
for the hydrosilylation of organic compounds.3 However, to our
knowledge, no examples of hydrosilylation catalyzed by gold
complexes have been reported. Recently, we found a highly
reactive catalysis by a gold complex for the dehydrogenative
dimerization of a hydrostannane, offering new clues to the
further development of gold complex-catalyzed reactions.4
Here we describe the first example of the hydrosilylation of
organic compounds using a gold complex as a catalyst. These
resultsreveal the novel reactivity of the gold complex aswell as
its versatile selectivity in the reduction of organic com-
pounds.

We first examined the hydrosilylation of benzaldehyde la
using a catalytic amount of chloro(triphenylphosphine)gold(i)
aone [egn. (1), Table 1, entry 1].5 After the addition of

3 mol% AuCI(PPhj)
PhCHO + PhMe,SiH PhCH,0SiMe,Ph
1a 2, 2.0 equiv. PR, solvent 3a (1)
H,0"
s PhCH,OH
4a

dimethylphenylsilane 2 (2.0 mmol), the colorless mixture of
chloro(triphenylphosphine)gold(i) (0.03 mmol), benzaldehyde
1a (1.0 mmol) and dry DMF (1.0 ml) changed to a deep-purple
solution and precipitation of metallic gold was observed within
10 min at 70 °C.6 No silylated product was found under these
conditions. We next examined a combination of chloro-
(triphenylphosphine)gold(i) and triphenylphosphine as catalyst,
which gave good resultsin our previous study of gold catalysis;
however, here it gave a similar disappointing result (entry 2).4
Use of tributylphosphine, which is more basic and is strongly
coordinating, as an additive ligand to chloro(triphenylphos-
phine)gold(1) provided remarkable catalytic activity for the
hydrosilylation of la (entry 3). Compound 2 (2.0 mmol) was
added to a mixture of chloro(triphenylphosphine)gold(r) (0.03
mmol), tributylphosphine (0.20 mmol), 1a (1.0 mmol) and
DMF (1.0 ml) under nitrogen. After stirring for 1.5 h at 70 °C,
the quantitative formation of the corresponding silyl ether 3a,
the hydrosilylation product of 1la and 2, was observed by 1H
NMR spectroscopy, and acohol 4a was isolated in 90% yield
after acidic hydrolysis.”8 In sharp contrast to the previous two
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Table 1 Gold complex-catalyzed hydrosilylation of benzaldehyde 1a under
various conditions

Yielde of
Entrya  Additive/equiv.  Solvent Conditions 4a (%)
1 — DMF 70°C,15h 0
2 PPhs, 0.2 DMF 70°C,15h 0
3 PBus, 0.2 DMF 70°C,15h 90
4 PBus, 0.2 Toluene 70°C,11h 65
5 PBus, 0.2 THF 70°C,3.0h 92
6 PBus, 0.2 MeCN 70°C,5.0h 7

aTo asolution of benzaldehyde 1a (1.0 mmol), AuCI(PPhs) (3 mol%, 0.03
mmol), and phosphine (0—20 mol%, 0-0.20 mmol) in dry DMF (1.0 ml) was
added dimethylphenylsilane 2 (2.0 equiv., 2.0 mmol) under nitrogen.
b |solated yield after hydrolysis.

systems, the reaction mixture was colorless and a precipitate of
metallic gold was not observed. Although this catalytic system
was compatible with other solvents, DMF was found to be
optimal (entries 4-6).° The generality of this gold complex-
catalysed hydrosilylation was successfully demonstrated by
reaction with various adehydes [egn. (2), Table 2]. In
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particular, cinnamaldehyde, which contains a conjugated dou-
ble bond, was converted to the 1,2-addition product with high
selectivity, and the corresponding alyl acohol 4c was ex-
clusively obtained in 94% yield after hydrolysis (entry 2).3.10
When this catalytic system was applied to the reduction of
ketone 1f, no reduced product was obtained (entry 5). The
versatile chemoselectivity of the catalyst was clearly shown by
the selective reduction of the aldehyde 1b irrespective of the
presence of ketone 1f under modified conditions
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Reduction of an adimine was aso carried out with
hydrosilane in the presence of the gold catalyst [egn. (4)].

3 mol% AuCI(PPhj3) o
20 mol% PBus 3 Ph/\ _Ph

. _Ph
Ph N7 N @
THF, r.t., 4 days H

+ PhMe,SiH
5 3.0 equiv.

6, 83%

Chem. Commun., 2000, 981-982 981

Thisjournal is© The Royal Society of Chemistry 2000

LL09WA



Table 2 Gold complex-catalyzed hydrosilylation of various carbonyl
compounds

Yieldb of
Entrya  Carbonyl compounds 1 Conditions 4 (%)
1 3-Phenylpropana 1b 70°C,15h 4b, 93
2 Cinnamaldehyde 1c 70°C,5.0h 4c, 94c
3 Decana 1d 70°C,15h 4d, 51
4 Cyclohexanecarboxaldehyde 1e 70 °C, 11 h 4e, 78
5 4-Phenylbutanone 1f 70°C,15h 4f, 0d

aTo asolution of carbonyl compound 1 (1.0 mmol), AuCI(PPhz) ( 3 mol %,
0.03 mmol) and tributylphosphine (20 mol%, 0.20 mmol) in dry DMF (1.0
ml) was added dimethylphenylsilane 2 (2.0 equiv., 2.0 mmol) under
nitrogen. b |solated yield after hydrolysis. ¢ Only a 1,2-reduced product was
detected. 9 The starting material was recovered in good yield (1f, 93%).

Although it took four days for the reaction to be complete, the
corresponding reduced product 6 of aldimine 5 was obtained in
good yield (83%).

The effect of the amount of the additional ligand on the
reactivity is shown in Fig. 1. Monitoring of the reaction by 1H
NM R spectroscopy showed that the hydrosilylation product was
formed continuously at 50 °C in the presence of 3 mol% of
chloro(triphenylphosphine)gold(l) and 20 mol% of tributyl-
phosphine with the reaction amost complete after 600 min
(experiment A) during which the reaction mixture was colorless
and transparent throughout. In experiment B, which was carried
out with alower amount of tributylphosphine (10 mol%) thanin
experiment A, considerable rate retardation was observed as the
reaction time approached 400 min, though the initial reaction
rate in experiment B was dightly higher than that of A within
200 min. A deep-purple coloration was observed immediately
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Fig. 1 Product formation vs. time for reactions carried out with
benzaldehyde 1a (1.0 mmol), dimethylphenylsilane 2 (2.0 mmol), 3 mol%
of chloro(triphenylphosphine)gold(i) (0.03 mmol) and 20 mol% of
tributylphosphine (0.2 mmol) (experiment A, @) or 10 mol% of tri-
butylphosphine (0.1 mmol) (experiment B, OJ) in DMF (1.0 ml) at 50 °C.
Yields determined by *H NMR spectroscopy.
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after adding the hydrosilane to reaction mixture and the slow
precipitation of gold(c) was observed in experiment B. These
results indicate that the role of the excess tributylphosphine is
the prevention of catalyst decomposition rather than increasing
the reaction rate.

Although the active species of this catalyst is still unclear at
this stage, we propose that col orless monomeric gold complexes
stabilized by the excess tributylphosphines play an important
role in this reaction and that the predominant deactivation
process is the formation of gold clusters and metallic gold(o)
upon reduction of gold(i).

In conclusion, we have described the unprecedented hydro-
silylation of organic compounds by a gold complex catalyst
with high chemosdlectivity. The deactivation of the gold
catalyst was suppressed in the presence of an additional ligand
(tributylphosphine). These results provide an important princi-
ple for the design of gold complex-catalyzed systems.
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