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Esters and tertiary amides were efficiently reduced to their
corresponding alcohols and amines in high yields under mild
and environmentally friendly conditions. The presented
KOH-catalysed system involves a simple hydrosilylation
procedure that is carried out under solvent-free conditions
and does not require the use of inert conditions.

The reduction of carboxylic acid derivatives such as esters or
amides into the corresponding alcohols or amines, is a most
important transformations in organic synthesis.' The use of
stoichiometric hydride reducing agents (e.g DIBAL-H, LiAlH,4 or
LiBH,) remains to date the most commonly practiced method for
these reductions; this despite the protocol being afflicted with
several disadvantages such as moisture and air-sensitivity and
difficult purification.” Alternatively, catalytic hydrogenation®
represents an excellent method to reduce esters,”** while the
amide version is less well-developed, especially for the reduction
of tertiary amides.’®® Moreover, the required harsh conditions
(high pressure and elevated temperatures) represent serious
drawbacks in the hydrogenation procedures. Due to these
difficulties and limitations, the catalytic hydrosilylation of
carbonyl moieties has become an important synthetic
transformation in organic chemistry, widely used in academic
laboratories and in industry,* as an alternative reduction strategy.
As an illustration of the importance of the transformation,
numerous catalytic systems have been developed for the
hydrosilylation of both esters (Rh,’ Ru,® Mo,” Pd,® Mn,’ In,'® T3,"!
Fe'? and organo-zincB) and amides (Rh,14 Ru,” Pt 1r,'7 Ti,'®
Cu,"” Fe®® and organo-zinc®'). The hydrosilylation of carbonyl
compounds in the presence of base has also been studied,?
although the scope is limited to ketones?** and hydroxyl esters.’*®
In addition to required harsh conditions and long reaction
times,**® some metal-catalysed operational difficulties,” such as
the requirement of inert conditions, have plagued the use of this
methodology.

Many of the above-mentioned protocols require the use of
large amounts of the silane, expensive catalysts, high
temperatures, dry solvents and inert conditions. Taking into
account the interest in developing new catalytic hydrosilylation
procedures, we report a general base-catalysed methodology for

s the reduction of both esters and tertiary amides. The first base-

catalysed methodology for the hydrosilylation of amides is
reported.
At first, the reduction of methyl benzoate (1a) was investigated

and the reactivity of several silanes was examined under neat
so reaction conditions (Table 1). Neither PhMe,SiH (3 equiv.) nor
Et;SiH (3 equiv.) led to formation of reduced products, even
when the reaction was carried out at 60°C (Table 1, entries 3 and
4). However, Ph,MeSiH (3 equiv.) gave full conversion to benzyl
alcohol (2a) at 60°C after 4 h (Table 1, entries 2). Noteworthy is
ss that in the presence of 1 equiv. of PhSiHj the desired alcohol was
obtained at r.t. under neat conditions in only 1h (Table 1, entry 6).
The effect of the nature of the base was also evaluated. It is
possible to perform the reaction in the presence of a strong base
(KHMDS) or in the presence of weaker bases such as hydroxide
o bases (KOH and CsOH). In contrast, when the reaction was
performed using NaOH or K,CO;, the hydrosilylation reaction
did not take place. Besides the very low price of potassium
hydroxide, its use allows us to carry out the reaction under
aerobic conditions (unlike with KHMDS).

65 Table 1. Optimization of the conditions for the reduction of esters with

silanes.”
©/\OH

o i) Base (4 mol%)
Silane (equiv),
OMe

no solvent, T, t
—_—

ii) HCI (1M)/THF

1a 2a
Entry Base  Silane (equiv.)  T*(°C) t (h) Conv.
2a (%)"
1 KOH Ph,MeSiH (3.1) r.t. 4 0
2 KOH Ph,MeSiH (3.1) 60 4 >98
3 KOH PhMeSiH 3.1) 60 4 0
4 KOH Et;SiH (3.1) 60 4 0
5 KOH PhSiH; (3.1) r.t. 1 >08
6 KOH  PhSiH; (1.1) r.t. 1 >98
7 KHMDS PhSiH; (1.1) rt. 1 >98
8 NaOH  PhSiH; (1.1) rt. 1 0
9 CsOH PhSiH; (1.1) r.t. 1 >98
10 K,CO;  PhSiH; (1.1) rt. 1 0

“ Reaction conditions: Base (4 mol%), ester (1a) (1 mmol) and silane
(1.1-3.1 mmol). Hydrolysis was performed using HCI (1 mL, 1M) in THF
70 (0.5 mL). * Conversion determined by 'H-NMR spectroscopy.

After having optimized the reaction conditions, the scope of
the hydrosilylation of esters with PhSiH; was examined using
KOH (4 mol%) (Table 2). Several aromatic, aliphatic and
heteroaromatic esters were tested. Substitution with bulkier alkyl

75 groups on the ester did not lead to a decrease in yield (Table 2,
entry 2) and even with the highly hindered zers-butyl group the
reaction took place with a moderate yield (Table 2, entry 3).
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Arenes substituted with an electron-donating or electron-
withdrawing group in either the ortho, meta or para position were
successfully reduced to the corresponding alcohols in high yields
(80-96%) (Table 2, entries 4-8) with only minor influence on the
reactivity. More electron-rich aryl esters (1d and 1f) require
longer reaction times to achieve full conversion to the desired
alcohols (see entries 4 and 6 with 5 and 7). Unfortunately, the
reduction of conjugated systems, such as the methyl cinnamate
1k, gave a complex mixture of products (Table 2, entry 11).
Gratifyingly, the system permitted pyridyl (1i), benzyl (1j) and
alkyl (1k) esters to be converted to the desired alcohols in very
good isolated yields (80-86%) (Table 2, entries 9, 10 and 12). The
catalytic system displays very good efficiency for most of the
examined esters, providing good to excellent yields of alcohols
(80-96%) under neat conditions at r.t. in rather short reaction
times (0.5-3 h).

[

=

@

Table 2. KOH-catalysed reductions of esters.”

i) KOH (4 mol%)
0 PhSiH3 (1.1 equiv), no solvent

JJ\ rt,t ~
)
R"" OR? ii) HCI (1M)/THF RT OH
r.t., 1h
Entry Ester t(h) Yield (%)
o]
1 @Xome (1a) 1 86 (2a)
[0)
2 ©)(o,pr (1b) 1.5 84 (2a)
o]
3 @Atxsu (1¢) 3¢ 68 (2a)
[0)
4 @J%Me (1d) 15 81 (2b)
MeO
]
5 QAOME (1e) 0.5 96 (2¢)
F3C
o]
MeO.
6 Q)LOM* (1f) 3 80 (2d)
OMe
o)
7 @*om (g) 0.75 96 (2e)
Cl
o]
8 @\)kom (1h) 15 86 (2f)
Cl
o)
9 ~owe (1) 1.5 85 (2g)
P
o]
10 ©*0M9 1) 0.5 83 (2h)
o]
1 oS Aooue (1K) 1 J
[0) .
12 S S ) 1 80 (2i)

8

* Reaction conditions: KOH (4 mol%), ester (1) (1 mmol) and PhSiH; (1.1
20 mmol). Hydrolysis was performed using HCI (1 mL, 1M) in THF (0.5
mL). ® Isolated yields. © At 60°. ¢ Complex mixture.

After demonstrating the general applicability of our procedure
to the hydrosilylation of esters, we further extended the method
by studying the reduction of tertiary amides (Table 3). Aromatic,

25 heterocyclic and aliphatic amides are reduced successfully under
optimized reduction conditions for the esters. Comparing

different para-substituted aryl amides, we found that the presence
of an electron-withdrawing group (3d) raised the reactivity in
comparison with electron-donating substituted amides, which
required a slightly higher temperature (60°C) to efficiently yield
the desired amine (4e) (Table 3, entries 4-5). Notably,
heterocyclic amide 3f is well tolerated and led efficiently to the
desired amine at r.t. (Table 3, entry 6). Linear alkyl (3g and 3i)
and cyclic amides (3h) can also be reduced with good yields (79-
86%) using this methodology, although longer reaction times are
required. A benzamide derived of morpholine (3¢) was reduced
with good isolated yield (Table 3, entry 3). Overall, the reduction
system performed very well for all studied amides, leading
smoothly to the corresponding amines in high yields (79-91%). It
should be noted that the final amines were obtained without any
work up prior to isolation (see ESI for details). Primary and
secondary amides were also subjected to the optimized
conditions, but in both cases no reaction was observed and the
starting material was recovered.

3

=3

3

b

4

=3

45 Table 3. KOH-catalysed reduction of tertiary amides.”

KOH (4 mol%)

(0] PhSiH; (1.1 equiv)
R 'N,RZ nosrlvent R1/\N,R2
3 Rs r.t. 4 R
Entry Amide ¢ (h) Yield (%)
]
1 @/‘L‘N/ (3a) 3 90 (4a)
o]
2 NQ (3b) 4 91 (4b)
[e]
3 3e¢) 4 75 (4¢)
Sa9
[e]
4 @*N (3d) 3¢ 81 (4d)
Br O
[0)
5 /@*N Ge) 3¢ 88 (de)
MeO’ O
e}
6 NS (36) 16 80 (4f)
N7 L
(0]
7 A{LNQ (3g) 16% 86 (4g)
[0)
8 \@ (3h) 16° 82" (4h)
o]
9 )LN( (3i) 16° 79" (4i)

* Reaction conditions: KOH (4 mol%), amide (3) (1 mmol) and PhSiH;

(1.1 mmol). ° Isolated yields. © THF was added as solvent (1.25 M). ¢ At

60°C. ¢ Reaction with 1.5 equiv. of PhSiH;. " Determined by GC methods
s0 using dodecane as internal standard.

In conclusion, we have described a very straightforward,
efficient and environmentally friendly methodology for the
reduction of both esters and tertiary amides under very mild
conditions. From a practical point of view, this KOH-catalysed

ss system is the easiest procedure described for the reduction of
esters and tertiary amides, avoiding the use of solvents, large
excesses of silane and inert conditions. Further studies dealing
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with applications of the methodology to primary and secondary
amides are ongoing in our laboratory.
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