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Abstract

This paper describes an unprecedented catalytic reaction using Au(I) complexes. Au complexes efficiently
catalyze dehydrogenative dimerization of trialkylstannanes. Catalytic activity of the Au(I) complex toward de-
hydrogenative dimerization of the trialkylstannane is extremely high (0.1 mol%, 48 h) comparable to that of Pd
catalysts. The synthetic generality of this reaction was demonstrated for the reaction using tributyl-, trioctyl-,
triphenylstannane. © 1999 Elsevier Science Ltd. All rights reserved.
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Extensive studies have been made, undertoken, for the synthesis and characterization of gold(I) com-
plexes; however, utilization of these complexes as homogeneous catalysts in organic and organometallic
syntheses is rare.! Although the ability of many organometallic catalysts is attributed to their redox
features, Au complex catalysts were used as a Lewis acid or even as a base in some successful cases.”™
We describe here a new strategy for the design of a catalytic reaction using an Au complex and this
catalytic reaction is comparable to Pd catalysts in efficiency.

We recently reported that the metathesis reaction of copper(l) salts and organosilicon compounds such
as alkynyl-, aryl-, hydrosilanes, disilanes proceeds smoothly in an aprotic polar solvent.'®-!* Thus, we
applied our findings on these reactions between Cu(I) and hydrosilane to an Au(l) complex. !0

We first tested the reactivity of an Au(I) complex for hydrosilanes; however, the reaction between
hydrosilanes and various Au(I) complexes did not occur at room temperature. We next investigated
the reaction between an Au(l) complex and hydrostannane. Hydrostannanes, which readily react with
various organometallic compounds, are a good probe for the survey of the catalytic reaction using an
Au(l) complex.”®

In THF solution, a stoichiometric reaction between tributylstannane l1a and me-
thyl(triphenylphosphine)gold(I) 2a gave tributylmethylstannane 3 (9%) and hexabutyldistannane
4a (54%) at room temperature for 14 h (Eq. 1).1¢ The formation of a metathesis product 3 and
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Table 1
Dehydrogenative dimerization of a trialkylstannane by a gold(I) catalyst

Entry? R Catalyst Conditions Yield of 4 / %P
1 1a, Bu AuCIPPh3 2b, 1 mol% neat, 4a, 99
r.t,18h
2 1a,Bu AuCIiPPh3 2b, 1 mol% + neat, 4a, 92
PPhg, 2 mol% r.t,4h
3 1a, Bu AuCIPPh3 2b, 0.1 mol% neat, 4a, 96
r.t,72h
4 1a,Bu AuCIPPh3 2b, 0.1 mol% + neat, 4a, 94
PPhg, 0.2 mol% r.t,46h
5 1b, Ph AuCIPPh3 2b, 1 mol% CHoCL®, 4b, 91
r.t,8h
6 1¢, Oct AuCIPPh3 2b, 0.1 mol% + neat, 4c, 94
PPh3, 0.2 mol% r.t,13h

*A mixture of a trialkylstannnane and a gold(I) catalyst was stirred under nitrogen.
PIsolated yield otherwise noted.
“Reaction was carried out in dry dichloromethane (1.0 M).

a dehydrogenative product 4a suggested that the Au complex mediated the reaction between the
hydrostannane and the Au(I) complex. Unfortunately, we could detect no signal which should be
attributed to intermediates such as an oxidative addition product of the trialkylstannane to the Au(l)
complex, in the 3!'P and '"H NMR spectra during the reaction.

MeAuPPh; 2a

BuzSnH BusSnmMe + BuzSn—SnBu 1
v THF.r.1, 14 h 3 ® s (D

1a 3, 9% 4a, 54%

Next, we found that less than a 1 mol% amount of the gold(I) complex catalyzed dehydrogenation
of hydrostannanes to give the corresponding distannanes in good yield (Eq. 2, Table 1). To a cataly-
tic amount of chloro(triphenylphosphine)gold(I), tributylstannane was added under nitrogen at room
temperature.!” The reaction mixture turned red, and gentle evolution of hydrogen gas was observed. After
being stirred for 18 h, tributylstannane disappeared at room temperature. The resultant reaction mixture
was distilled directly from the reaction vessel to give analytically pure hexabutyldistannane (99%) (entry
1).

Au catalyst 2
2 R3SnH R3Sn—SnR3 (2)

1 -He 4

Addition of 2 mol% of triphenylphosphine accelerates the reaction rate about 1.5 times faster than
1 mol% of the Au complex alone (entry 2), although the sole use of triphenylphosphine without a
gold complex did not catalyze the reaction. This result shows a clear contrast to the rate retardation
of reductive elimination of alkyl ligands from the Au(Ill) complex in the presence of an additional
ligand.?> Without an additional phosphine, insoluble materials were precipitated at the end of the reaction;
nevertheless, a clear red solution was maintained during the reaction using an additional ligand. This
result further shows that use of the ligand in excess is important to avoid inactivation of the active
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catalytic species. A smaller amount of the gold(I) complex (0.1 mol%) also worked well as a catalyst for
the reaction although longer reaction time was needed. Trioctyl- and triphenylstannane also converted
to the corresponding distannanes (entry 5, 6) in good yields. A typical procedure is as follows.'® All
operations were conducted under argon or nitrogen atmosphere. A gold complex 2b (24.7 mg, 0.050
mmol) was placed in the reaction tube which was evacuated and filled with argon or nitrogen again.
Freshly distilled tributylstannane 1a (bp 80°C, 0.4 mmHg, 1.46 g, 5.0 mmol) was injected with a syringe
into the reaction tube at room temperature. The mixture turned red. After stirring for 18 h, the reaction
mixture was distilled directly to give analytically pure hexabutyldistannane 4a (bath temp. 195-210°C,
0.26 mmHg, 1.44 g, 2.48 mmol, 99%) as a colorless oil. IR (neat) 2930, 1464 cm™!; THNMR (270 MHz,
CDCl3) 8: 0.79-1.12 (m, 30H), 1.21-1.68 (m, 24H); 13C NMR (67.8 MHz, CDCl3) &: 10.0 (J=241.2,
39.1 Hz), 13.7, 27.5 (J=52.3 Hz), 30.6; }1°Sn NMR (100.6 MHz, CDCl3) &: —84.5; MS m/z: (relative
intensity), 582 (M*, 1), 525 (M*—C4Hy, 15). Anal. calcd for C24Hs4Sn;: C, 49.68; H, 9.38. Found: C,
49.81; H, 9.39.

Although utilization of a trialkylstannane as a hydride source in the Cu(I) salt-promoted reduction
has been reported, the results of Au(I) complexes reveal a striking contrast to the case of the reaction
between a Cu(l) salt and a trialkylstannane.!®2 The catalytic activity of the Au(I) complex for the
dehydrogenative dimerization of trialkylstannanes is comparable to that of a Pd catalyst.2! Although
some Sn-Sn bond-forming methods are known, little work on the use of transition metal catalysts has
been published.!5?2 The results presented above show that the Au(I) complex is a practical catalyst for
the synthesis of distannanes, which are useful reagents for organic synthesis.??

We have described here a strategy for the design of a catalytic reaction using Au(l) complexes. We
speculate that a redox cycle between the Au(I) and Au(IIl) species would play an important role in the
reaction; however, further studies are needed to determine the exact reaction pathway. The results shown
in this paper indicate that appropriately designed Au catalysts would also be useful for various synthetic
reactions.
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