
10.1021/ol202399c r 2011 American Chemical Society
Published on Web 09/28/2011

ORGANIC
LETTERS

2011
Vol. 13, No. 20
5676–5679

Modular Approach to Saturated and r,β-
Unsaturated Ketones

Laurent Debien, B�eatrice Quiclet-Sire, and Samir Z. Zard*

Laboratoire de Synth�ese Organique, CNRS UMR 7652 Ecole Polytechnique, 91128
Palaiseau Cedex, France

zard@poly.polytechnique.fr

Received September 5, 2011

ABSTRACT

2-Fluoro-6-pyridinyloxy derivatives of 2-ethoxyvinyl carbinols react with radicals derived from xanthates by an addition�fragmentation pathway
to give highly functionalized ketones after acid hydrolysis. 1,4-Diketones are readily accessible by this approach.R,β-Unsaturated ketones can be
obtained by starting with geminal acetoxy xanthates prepared by addition of a simpler xanthate to vinyl acetate.

Ketones play a central role in organic chemistry and are
key buildingblocks inmodern synthesis. They are involved
in many fundamental transformations such as the aldol,1

the Wittig2 and the Horner�Wadsworth�Emmons2 reac-
tions to cite a few and are the direct precursors of numer-
ous organic functionalities such as imines, amines, oximes
and alcohols.

Furthermore, 1,4-diketones and, more generally, 1,4-di-
carbonyls are substrates of paramount importance for the
synthesis of valuable five-membered carbo- and heterocycles
such as cyclopentenones,3 pyrroles,4 furans,5 or thiophenes.6

Indeed, cyclopentenones, furans, and pyrroles are found in
many biologically important natural products such as
prostaglandins,7 terpenes5 and porphyrins.8 Furans are also
versatile dienes and dienophiles for Diels�Alder reactions.9
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Finally, five-membered heterocycles are useful building
blocks for the synthesis of materials with interesting physical
and electronic properties.10

We report herein a unique, modular, and convergent
method for preparing functionalized ketones, including
1,4-dicarbonyls and enones, from other readily available
ketones and aldehydes. Recently, we discovered that when
a 6-fluoro-pyridin-2-olmoiety is located vicinal to a radical
center, it readily undergoes β-elimination, essentially con-
verting an alcohol into a leaving group in a radical sense.11

Homolysis of the usually strong carbon�oxygen bond is
rare and has thus been poorly exploited in organic synth-
esis. The ability of the alkoxyfluoropyridines to undergo
homolytic cleavage of the carbon�oxygen bond under
mild conditions offers tremendous synthetic possibilities.
Indeed, we demonstrated in a preliminary study the syn-
thetic utility of such an olefination process, which in some
cases corresponds to an overall synthetic equivalent of the
Wittig reaction.5

Our approach relies on the use of xanthates 2 and
enol ethers such as 1 as partners in the addition�frag-
mentation reaction, as outlined in Scheme 1. Tri- and
tetra-substituted enol ethers 3A would thus be obtained
and would furnish the corresponding functionalized
homologous ketones upon acidic hydrolysis. The use

of R-keto-xanthates 2C would give rise to 1,4-dicarbo-
nyls, via intermediates 3C, while prior addition of the
xanthate to vinyl acetate12,13 would ultimately furnish
R�β-unsaturated ketones after hydrolysis of 3B and
base-induced elimination of the β-acetate moiety. The
implementation of this synthetic strategy is detailed
hereafter.
In a preliminary experiment, enol ether 1a, prepared by

additionof the vinyl anionderived fromethyl vinyl ether to
isovaleraldehyde followed by treatment of the resulting
allylic alcohol with 2,6-difluoropyridine in the presence of
NaH, was reacted with xanthate 2a under the reaction
conditions previously reported.5 To our surprise and dis-
appointment, the reaction gave a complex mixture of
compounds with only small amounts of the desired ketone
being isolated. One possible problem is a sluggish scission
of the C�O bond due to a too great stabilization of the
intermediate radical by the ethoxy group. This would leave
the intermediate radicalwith enough lifetime to participate
in untoward bimolecular processes. Another complication
could be due to the premature hydrolysis of the starting
and product enol ethers induced by the lauric acid pro-
duced during the reaction.After some experimentation,we
found that simple moderate dilution of the reaction med-
ium circumvented the difficulty, and the expected 1,4-
diketone 4a could be isolated in 64% yield following acid
hydrolysis (Scheme 2).
Having successfully accomplished the desired radical

addition, we explored the scope of the reaction. The results
are collected in Tables 1 and 2. The three examples in the
first Table demonstrate the possibility of isolating the
relatively fragile initial enol ethers as mixtures of geome-
trical isomers and underscore the mildness of the experi-
mental conditions.
If desired, the enol ethers may be further modified

regioselectively, for example by bromination or epoxida-
tion, or simply hydrolyzed. In the examples in Table 2, the
enol etherswere not isolated but converted directly into the
correspondingketones 4by treatmentwith aqueousHCl at
room temperature. Thus, masked and free ketones can be
rapidly assembled in moderate to good yield. In any case,
the process tolerates many useful functional groups and
diversity may be introduced both by modifying the
xanthate and the starting aldehyde or ketone. Structures

Scheme 1. SyntheticApproach toFunctionalizedKetones, Enones
and 1,4-Dicarbonyls

Scheme 2. Preliminary Example
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containing 1,4-dicarbonyl groups are particularly easy to
obtain (Table 2), but numerous other combinations may
also be envisaged.
The potential of this approach for the construction or

modification of complex structures is further highlighted
by the transformations involving steroid derived xanthates
2j

14 and 2k. The side chain in these substrates are readily
extended through the addition�fragmentation/hydrolysis
procedure to give 1,4-diketones 4k and 4l. Construction of
various steroid side-chains remains an important under-
taking, especially in the context of vitamin D-related
studies (Scheme 3).15

As previously stated, 1,4-diketones are key intermedi-
ates for the synthesis of five-membered carbo- and
heterocycles.3�6 Following literature procedures, pyr-
roles 5a,b,16,17 furan 618 and cyclopentenone 7,11 not
readily accessible by other routes, were swiftly prepared
in good yield as pictured in Scheme 4.
Another important feature of this approach derives

from the possibility of a prior addition of the xanthate
to vinyl acetate,13 followed by the addition�fragmenta-
tion to the activated enol ether radical trap 1, as pictured
in Scheme 5. Upon hydrolysis, a β-acetoxy ketone is
produced, which undergoes base-induced β-elimination
on exposure to DBU to give an unsaturated ketone.
This variant is illustrated by the synthesis of enones
8a�c.

Table 2. Formation of Ketones and 1,4-Dicarbonyls

Scheme 3. Access to Complex 1,4-DiketonesTable 1. Formation of Enol Ethers
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In summary, we have developed a simple, flexible and
modular approach to ketones, 1,4-diketones and R, β-
unsaturated ketones. These are indeed the cornerstones
of organic synthesis. The mildness of the experimental
conditions and broad tolerance for most of the common
functional groups open up numerous synthetic opportu-
nities not otherwise available through more traditional
routes. It is worth emphasizing the fact that the intermedi-
ate enol ethers 3 may be isolated and eventually used for
further regioselective functionalization.
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Scheme 5. Synthesis of EnonesScheme 4. Transformation of Various 1,4-Diketones into Five
Membered Ring Carbo- and Hetero-cycles


