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Trichlorosilane-Dimethylformamide (Clz3SiH-DMF) as an Efficient Reducing Agent.
Reduction of Aldehydes and Imines and Reductive Amination of Aldehydes
under Mild Conditions Using Hypervalent Hydridosilicates
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Trichlorosilane-dimethylformamide (Cl3SiH-DMF) was found
to be an effective reducing agent for reduction of aldehydes to
alcohols, imines to amines, and also reductive amination of
aldehydes. Hypervalent silicates are active species, which enable
efficient reduction under mild conditions.

While many reducing agents have been developed,
trichlorosilane is among the most potentially promising reagent
because it is cheap, stable, and easy to handle.! However, its use
for the reduction of carbonyl compounds and imines is rather
limited. Benkeser er al. reported that reductive silylation of
carbonyl compounds proceeded using trichlorosilane-tertiary
amine, and that the products in this reaction were not alcohols but
alkylsilanes.2 They also reported reduction of imines to amines
under acetonitrile reflux conditions.3 Sakurai and Kira reported
that bis(1,2-benzendiolato)hydridosilicate, prepared from
trichlorosilane and dilithium catecholate, reduced aldehydes and
ketones to afford the corresponding alcohols.# In this paper, we
report an efficient reducing agent, trichlorosilane-
dimethylformamide (Cl3SiH-DMF), which is effective for
reduction of aldehydes to alcohols, imines to amines, and also
reductive amination of aldehydes under mild conditions.

Recently, we have reported that some organosilicon reagents
which are stable under normal conditions work as efficient
nucleophiles in DMF.5-6 For example, allyltrichlorosilanes,5
propargylsilanes,® and allenylsilanes® react with carbonyl
compounds in DMF without any catalysts (Lewis acids, fluoride
anion, etc.) to afford the corresponding adducts such as
homoallyl alcohols, homopropargylic and allenic alcohols, in
high yields. In these reactions, DMF coordinates the silicon
reagents to form active hypervalent organosilicate intermediates,
which are sufficiently nucleophilic to carbonyl compounds.
Although hypervalent silicate reagents have been reported and
some of them are used in organic synthesis,” ligands of most
reagents are covalently bonded to silicon atoms. On the other
hand, one of features of the reagents we developed is that ligands
are coordinately bonded to silicon atoms, and hence they are easy
to prepare and reactions can be performed under very mild
conditions (neutral, 0 °C to room temperature) . In the course of
our investigations to develop new synthetic reactions using the
reactive organosilicon reagents, we focused on Cl3SiH-DMF as a
hydride source and planned to develop a new reducing agent.

. We first examined reduction of aldehydes, and it was found
that C13SiH worked most effectively as a reducing reagent in a
DMF-dichloromethane mixed solvent system. We tested various
aldehydes and selected examples are listed in Table 1. The
reduction of aldehydes proceeded smoothly at 0 °C for 4-6 h
using Cl3SiH in DMF-dichloromethane to give the corresponding
alcohols in high yields.8 Alkyltrichlorosilanes were not produced
under these conditions.?2 No reaction occurred in
dichloromethane, acetonitrile, benzene, and tetrahydrofuran
(THF) even at rt (without DMF). Highly chemoselective

Table 1. Reduction of aldehydes and ketones
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2 3-Phenylpropanol (6%) was obtained. b Reaction time, 12 h.

reduction of aldehydes was achieved in the coexistence of an aryl
chloride, aryl nitro group, and double and triple bonds. In the
reduction of cinnamaldehyde, 1,2-addition of hydride was the
main reaction (88%) and a 6% yield of 3-phenylpropanol was
obtained. Reduction of 2-furyl and 2-thiophene aldehydes also
worked well to afford the corresponding alcohols in high yields.
As for the reduction of ketones, a longer reaction time was
required, and the secondary alcohols were obtained in good to
high yields. Selective reduction of an aldehyde rather than a
ketone was performed in more than 98% selectivity (Eq. 1).
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We then examined reduction of imines by using Cl3SiH-DMF
as a reductant. - It was found that the reduction of imines also
proceeded at 0 °C in DMF-dichloromethane to give the
corresponding secondary amines (Table 2). Moreover, reductive
amination of aldehydes with amines was successfully carried out
using Cl3SiH-DMF (Table 3).9 It is noted that aldehydes having

a-protons, whose imines are known to be difficult to prepare,
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Table 2. Reduction of imines
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Table 3. Reductive amination of aldehydes
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can be used in the reductive amination, and that the corresponding
amines are obtained in high yields.10

As for an active species in these reductions, the 295i NMR
spectra of Cl3SiH-DMF in dichloromethane-d; showed an
equilibrium including hypervalent silicates. Signals were
observed at -35.0, -181.8, -185.2, and -192.6 ppm (intensity; ca.
3:1:3:6),!1 and the latter three signals were assigned to six-
coordinated silicons.12 After adding 3-phenylpropanal in this
system, the three signals at -181.8, -185.2, and -192.6 decreased
and a new signal, which corresponds to a silicon of a reducing
product, appeared at -184.6 ppm.13 These results indicate that
the active reducing species in these reductions should be
hypervalent hydridosilicates.

In summary, we have developed a new reducing agent,
Cl3SiH-DMF, which is effective for the reduction of aldehydes to
alcohols, imines to amines, and also reductive amination of
aldehydes under mild conditions. The reductions proceed
smoothly without any catalyst (F-, etc.). Hypervalent
hydridosilicates which are generated by coordination of DMF to
Cl3SiH are key species in this reduction, and it is noteworthy that
the hydridosilicates can be prepared by simply mixing CI3SiH
and DMF.
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