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ABSTRACT

The synthesis of â-aryl aldehydes utilizing a tandem molybdenum catalyzed hydrosilylation is described. This new functional group interconversion
provides an efficient method for the two-carbon homologation of aryl aldehydes.

The transition-metal-catalyzed hydrosilylation ofR,â-
unsaturated esters is a well-developed and important method
in organic synthesis.1 Of notable interest is the subsequent
functionalization of the derived silylketene acetal in tandem
processes.2 Of the various transition metal reagents known
to promote this type of transformation, the air-stable,
commercially available, and inexpensive complex Mo(CO)6

is appealing yet surprisingly rarely used. Keinan and Perez
first reported the application of phenylsilane and catalytic
amounts of Mo(CO)6 in the hydrosilylation of a wide-range

of Michael acceptors includingR,â-unsaturated ketones,
carboxylic acids, carboxylic esters, amides, and nitriles.3

During a recent study into the activation of Mo(CO)6 by
the oxidative removal of carbonyl ligands, we attempted the
catalytic hydrosilylation of theR,â-unsaturated Meldrum’s
acid derivative1a in the presence ofN-methylmorpholine-
N-oxide (NMO). After quenching with water, none of the
expected product2awas observed. Interestingly, we isolated
theâ-aryl aldehyde3a as the sole product of the reaction in
excellent yield (Scheme 1). Given the ready availability of

the substrates, the broad utility of the productâ-aryl
aldehydes and the lack of precedent for this functional group
interconversion, we decided to investigate further. In this
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Scheme 1. The Catalytic Synthesis ofâ-Aryl Aldehydes
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communication, we present a mechanistic rationale for the
observed products and demonstrate the scope of this poten-
tially useful transformation.

To learn more about the sequence of events in the reaction,
the incorporation of deuterium as both nucleophile and
electrophile was investigated. The molybdenum catalyzed
hydrosilylation ofR,â-unsaturated Meldrum’s acid derivative
1awith phenylsilane followed by quenching with deuterium
oxide afforded theR,R′-dideuterated product4a (Scheme 2).

The use of trideuteriophenylsilane in the reduction followed
by treatment with water led to the formation of deuterio-
aldehyde 5a with the expected deuterium atom at the
â-carbon.4 The combination of trideuteriophenylsilane and
quenching with deuterium oxide yielded6a with four
deuterium atoms being incorporated in a manner consistent
with the previous experiments. While these experiments were
carried out to elucidate a mechanism for the formation of
the aldehyde products, the highly regioselective incorporation
of deuterium to organic molecules (as in4a and5a) is also
of considerable value for biosynthesis and pharmacology
research and could be exploited further.5

A mechanism consistent with the deuterium labeling
studies is shown in Figure 1 (for the preparation of5a). The
deuteriosilylation ofR,â-unsaturated Meldrum’s acid deriva-
tive 1a with trideuteriophenylsilane would be expected to
furnish the â-deuterated dioxinone7. On heating, rapid
cycloreversion occurs to reveal the ketene8 which is
susceptible to attack by nucleophiles.6 It is proposed that
the ketene undergoes deuteriosilylation to afford enol silane
9. On quenching, a double protonation (or deuteration in the

case of4a and 6a) occurs with concomitant evolution of
carbon dioxide (confirmed by limewater test) to release the
aldehyde product5a.

The established conditions did not yield to further opti-
mization. Other silanes (Ph2SiH2, Et3SiH, and PMHS) were
significantly less reactive, and reducing the number of
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Scheme 2. Regioselective Incorporation of Deuterium

Table 1. Synthesis ofâ-Aryl Aldehydes by Tandem
Molybdenum Catalyzed Hydrosilylationsa

a Reaction conditions:1 (1.0 equiv), phenylsilane (3.0 equiv), Mo(CO)6
(5 mol %), N-methylmorpholine-N-oxide (10 mol %), THF, 80°C, 16 h.
b Isolated yields.c With 2.0 equiv of phenylsilane.d No addedN-methyl-
morpholine-N-oxide.
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equivalents of silane led to lower yields (Table 1, entry 1).
The omission ofN-methylmorpholine-N-oxide was detri-
mental to the reaction (Table 1, entry 2), which corresponds
to the assumption that the active catalyst is a coordinatively
unsaturated Mo(THF)n(CO)6-n complex. Having established
the basis for a useful new functional group transformation,
we next explored the scope of the process with respect to
aryl substitution (Table 1). The requiredR,â-unsaturated
Meldrum’s acid derivatives (1a-h) were easily prepared by
a Knoevenagel condensation of an aryl aldehyde and
Meldrum’s acid in water.7 The yields were consistently good
for a range of substrates that possess electron-donating
substituents on the aryl ring. Of particular note is the
successful tandem catalytic synthesis ofâ-aryl aldehydes
containing thiomethyl, dimethylamino, and trimethoxy func-
tional groups on the aryl ring (Table 1, entries 4, 5, and 10).

In contrast,R,â-unsaturated Meldrum’s acid derivative1d
with thep-NO2 group on the aryl ring was significantly less
reactive under the standard reaction conditions (Table 1, entry
6). This observation can be rationalized by the inductive
deactivation of theR,â-unsaturated Meldrum’s acid deriva-
tive to the initial hydrosilylation by the electron-withdrawing
p-NO2 group. However, if1d is reduced to2d using sodium
borohydride and then2d is subjected to the hydrosilylation
conditions, theâ-aryl aldehyde3d is obtained in excellent
yield (Scheme 3). Under the described reaction conditions,

silylation of 2d would be expected to occur followed by
cycloreversion and ketene hydrosilylation. The direct reduc-
tion of 5-monosubstituted Meldrum’s acid derivatives to
â-aryl aldehydes via hydrosilylation is of significant value
in addition to the presented tandem catalytic method.

In conclusion, we have developed an efficient synthesis
of â-aryl aldehydes fromR,â-unsaturated Meldrum’s acid
derivatives (prepared from aryl aldehydes) employing a
tandem molybdenum catalyzed hydrosilylation reaction. A
plausible mechanism is proposed that suggests the reaction
proceeds via the hydrosilylation of a key ketene intermediate.
The tandem reaction can tolerate a broad range of functional
groups on the aryl ring to deliver elaborated products in good
yields. Overall, this is practical method for the two-carbon
homologation of aryl aldehydes.
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Figure 1. Proposed mechanism of aldehyde formation.

Scheme 3. Reduction of 5-Monosubstituted Meldrum’s Acid
Derivative2d
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