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a b s t r a c t

A one-pot oxidation/allylation/oxidation procedure has been developed for the conversion of primary
alcohols into b,c-unsaturated ketones. The methodology has been applied to a range of alcohols, and
in some cases, isomerisation to produce the corresponding a,b-unsaturated ketones has been carried out.

� 2011 Elsevier Ltd. All rights reserved.
a,b- and b,c-Unsaturated ketones are important building blocks
in organic synthesis.1 As part of a natural product project, we
required a straightforward method of preparing b,c-unsaturated
ketones 5 (R = aryl, hetaryl, alkyl, etc.). Most of the available
procedures, such as the Barbier-type allylation of nitriles2 and
the Hosomi–Sakurai reaction of allyl silanes with acid chlorides,3

proceed from carboxylic acid derivatives,4 whereas we wished to
use alcohols 1 as simple starting materials.5,6 Given our interest
in tandem oxidation processes,7 the approach outlined in Scheme
1 appeared to present an attractive option. The idea was to oxidise
alcohols 1 to aldehydes 2 in the presence of an allylating reagent 3;
by using the oxidant in excess we hoped to achieve the in situ
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oxidation of allylic alcohol 4 to produce the target b,c-unsaturated
ketones 5 in a one-pot process. In addition, we anticipated that it
would be straightforward to extend this sequence to produce
a,b-unsaturated ketones 6 given the numerous methods reported
for effecting this type of isomerisation.8

Preliminary studies were carried out to assess the viability of a
one-pot approach to b,c-unsaturated ketones using p-chlorobenzyl
alcohol (7), p-chlorobenzaldehyde (8) and secondary alcohol 9 as
test substrates (Scheme 2). The initial oxidation of p-chlorobenzyl
alcohol 7 was straightforward, as expected, with MnO2 and
Dess–Martin periodinane (DMP) giving the most reliable results.9

Many methods are available for the allylation of aldehydes and
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ketones,10 but in our hands with p-chlorobenzaldehyde (8), the use
of allyl stannane (3a) with catalytic Yb(OTf)3,11 or allyl trifluorob-
orate (3b) with boron trifluoride etherate12,13 or Montmorillonite
K10 (MK10)13 proved the most straightforward giving the allyl
alcohol 9 via a practically simple process at room temperature.
The final step, the oxidation of the secondary benzylic alcohol 9,
proved more troublesome. No oxidation was observed using
OH
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iii. DMP, rt, 1 h
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MeCN, rt, 24 h
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BF3.OEt2
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BF3K 3b
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Scheme
MnO2 or TPAP/NMO, with DMP being most reliable for the forma-
tion of b,c-unsaturated ketone 10.14

Having studied the individual steps, we went on to examine
one-pot processes for the three-step sequence (Scheme 3). As can
be seen, with MnO2 as oxidant, it was possible to carry out a
tandem oxidation/allylation giving allylic alcohol 9 in low yield,
but further oxidation did not occur (as was expected after the
O
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preliminary studies shown in Scheme 2). Concentrating on the use
of DMP as oxidant, the tandem process gave mainly aldehyde 8
with trace amounts of allylated adducts 9 and 10, at best. We,
therefore, developed a sequential process in which DMP oxidation
was followed by the addition of allyl trifluoroborate (3b) and
MK10, and finally additional DMP was added to ensure complete
oxidation. In this manner, the required a,b-unsaturated ketone
10 was obtained in a 71% yield by a one-pot procedure.

Having established a reliable one-pot procedure for the oxida-
tion/allylation/oxidation route to b,c-unsaturated ketone 10, we
went on to explore its scope (Table 1). As can be seen, the sequence
was successful with a range of electron-rich and electron-poor ben-
zylic alcohols (entries i–iv), with 2-naphthyl-methanol (entry v)
and with thiophene-2-methanol (entry vi). In addition to benzylic
and related systems, an allylic example proved successful (entry
vii), as did an unactivated alcohol (1,2:3,4-di-O-isopropylidene-
Table 1
One-pot oxidation/allylation/oxidation sequencea

Entry Substrate

i

OH

Cl

7

ii

OH

MeO

11

iii

OH

Br

13

iv

OH

O2N

15

v

OH
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vi

19

S

OH

vii Ph
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viii
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O
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O
O

Me
Me

a On a 0.25 mmol scale; (i) DMP (1.5–2.0 equiv), CH2Cl2, rt, 1 h; (ii) MK10, 3 (1.5–2.0
b Quenched with sat. aq. NaHCO3 and sat. aq. Na2S2O3; purified by flash column chro
D-galactopyranose, entry viii). In all cases the yields were good to
excellent and the b,c-unsaturated ketones were usually stable for
a day or so, although isomerisation to give the corresponding
a,b-unsaturated ketones was observed on prolonged storage.

As mentioned earlier, if conjugated ketones are required, these
are easily obtained from the corresponding b,c-unsaturated
ketones. In our hands, DBU in diethyl ether16 gave the cleanest
isomerisation, with a,b-unsaturated ketones 25–27 being isolated
in almost quantitative yields, exclusively or predominantly as the
E-isomers (Scheme 4).

In summary, we have developed a one-pot oxidation/allylation/
oxidation procedure for the conversion of primary alcohols into
b,c-unsaturated ketones which involves DMP oxidation followed
by the addition of allyl trifluoroborate (3b) and Montmorillonite
K10 and finally additional DMP. The methodology has been applied
to a range of benzylic alcohols, as well as to an allylic and an
Product Isolated Yieldb (%)
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equiv), rt, 1 h; (iii) DMP (2.0–2.5 equiv), rt, 1 h.
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Scheme 4.
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unactivated carbohydrate example. In three examples, base-medi-
ated isomerisation to produce the corresponding a,b-unsaturated
ketones has been carried out. We are currently applying this
sequence to more complex systems as part of a natural product
programme.
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