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The pursuit of synthetic targets with increasing com-
plexity has resulted in the development of reactions
which emphasize chemo-, regio-, diastereo-, and enanti-
oselectivity. In defining strategies and reactions to
construct complex molecules, chemoselectivity is re-
quired.1 Metal-mediated carbonyl addition generally has
a low chemoselectivity among different carbonyls. Re-
cently, the exploration of aqueous medium metal-medi-
ated reactions2 has shown the potential for unusual
chemoselectivity.3 Here, we wish to report an unprec-
edented chemoselectivity related to metal-mediated car-
bonyl addition between aromatic and aliphatic alde-
hydes.4 The allylation of aldehydes5 mediated by
manganese in water in the presence of a catalytic amount
of copper shows exclusive selectivity toward aromatic
aldehydes. Manganese was found to be equally selective
in promoting pinacol-coupling reactions of aryl aldehydes.
The recent interest in aqueous medium metal-medi-

ated carbon-carbon bond formations led to the continu-
ing search for more reactive and selective metal media-
tors for such reactions. As a starting point, we have
studied the use of manganese6 as a potential useful
mediator for metal-promoted reactions. When benzal-
dehyde was stirred with 1 equiv of allyl chloride and a
mixture of manganese-copper7 in water for 8 h at room
temperature, 62% of the corresponding allylation product
was isolated.8 When 3 equiv of allyl chloride and
manganese mediator was used, the isolated yield of the
allylation product increased to 83%. Interestingly, chang-
ing allyl chloride to the usually more reactive allyl

bromide decreased the yield of the allylation product
(36%) under the same reaction conditions. Such a
seemingly abnormal behavior is most likely due to a
competing Wurtz-type coupling of the allyl bromide.9
Throughout the reaction process, no apparent change of
pH value (6-7) of the media was observed. The combined
use of manganese and copper appears critical. No
reaction was observed with either manganese or copper
alone as the metal mediator. Only a catalytic amount of
copper is required for the reaction. The use of a catalytic
amount of Cu(0), Cu(I), or Cu(II) gave the same result.
On the other hand, the use of a stoichiometric amount
of Cu combined with a catalytic amount of Mn (allyl
chloride/Mn/Cu ) 3:0.1:3) provided less than 5% of the
desired product. The use of a catalytic amount of Mn-
(II) or Mn(III) in place of Mn metal completely depressed
the product formation. Subsequently, a variety of alde-
hydes were tested with this allylation method (eq 1).

Selected examples are listed in Table 1. It was found
that various aromatic aldehydes were allylated efficiently
by allyl chloride and manganese in water. It is notewor-
thy to mention that aromatic aldehydes bearing halogens
were allylated without any problem (entries 9-11). The
allylation of a hydroxylated aldehyde was equally suc-
cessful (entry 12). On the other hand, aliphatic alde-
hydes are inert under the reaction conditions (entry 15).10
Such an unusual reactivity difference between an aro-
matic aldehyde and an aliphatic aldehyde suggests the
possibility of an unprecedented chemoselectivity.
To test this hypothesis, competitive studies were

carried out between aliphatic and aromatic aldehydes
with different methods (eq 2). By using the present

combination, a single allylation of benzaldehyde was
generated when a mixture of heptaldehyde and benzal-
dehyde was reacted with allyl chloride. Such a selectivity
appears unique; aqueous methodologies mediated by
other metals (Zn, Sn, In) all generated a 1:1 mixture of
allylation products of both aldehydes. A 1:1 mixture of
products was also generated when the allylation was
performed with allylmagnesium bromide11 in ether.
An intramolecular discrimination study has also been

carried out on a compound bearing both aromatic and
aliphatic carbonyl groups; a complete chemoselectivity
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was observed in which the reaction occurs exclusively on
the aromatic carbonyl (eq 3).

The pinacol-coupling reaction is another fundamental
reaction in organic chemistry.12 The pinacol-coupling
reaction in water mediated by Ti(III) has been extensively
studied.13 Other metals such as Zn-Cu have been also
found to promote this reaction under ultrasonic radiation
in aqueous acetone.14 When benzaldehyde was reacted

with manganese in the presence of a catalytic amount of
acetic acid in water, the corresponding pinacol-coupling
product was obtained smoothly. Other aryl aldehydes
(eq 4) were coupled similarly (Table 2). On the other
hand, aryl and aliphatic ketones appeared to be inert

under the same reaction conditions, and only the reduced
product was obtained with aliphatic aldehydes.
In conclusion, manganese is highly effective for medi-

ating aqueous medium carbonyl allylations and pinacol-
coupling reactions. This metal offers a higher reactivity
(compared with previously reported ones) and a complete
chemoselectivity toward aromatic aldehydes in the ally-
lation of carbonyl compounds and in pinacol coupling.
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Table 1. Allylation of Aldehydes Mediated by Mn-Cu in
Aqueous Medium

Table 2. Pinacol-Coupling of Aldehydes Mediated by Mn
in Aqueous Medium
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