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Abstract: Various alkenes are oxidized to the corresponding ketones using t~-BuOOH in the presence of a
palladium(IT) catalyst bearing perfluorinated ligands using a biphasic solvent system of benzene and
bromoperfiuorooctane. © 1998 Eisevier Science Ltd. Ali nights reserved.

The development of highly efficient catalytic oxidation reactions is an active field of
investigation. In these catalyzed reactions, it is important to be able to recover the metal catalyst and to
separate it efficiently from the reaction products. Recently, we have shown that several oxidation reactions
like the conversion of aldehydes to carboxylic acids, the oxidation of thioethers to sulfones or sulfoxides
and the epoxidation of olefins! can be realized by using a fluorous biphasic system.23 This biphasic solvent
system popularized by the work of Horvirth and Rabii2a consists of a perflu
materials (A and B). Whereas a two-phase system is formed at rt, an homogeneous solution is obtained at
ca. 60 °C allowing the metal catalyzed reaction between A and B to take place. At the end of the reaction,
the reaction mixture containing the product C is again cooled to rt, leading to two phases. The organic phase
contains only the product C and the fluorous phase contains the catalyst which can be reused for further

runs (Scheme 1).
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Herein, we wish to report that this methodology allows the performance of the Wacker oxidation
of various polyfunctional olefins 1 under mild conditions leading to the corresponding methyl ketones of
type 2 in the presence of the palladium catalyst 3 (5 mol %) in a biphasic solvent system of
bromoperfluorooctane and benzene using t-butylhydroperoxide (1.5 - 3.5 equiv)$5 as oxidation agent
(Scheme 2 and Table 1).
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terminal olefins but also in the case of some activated disubstituted alkenes. Thus, stilbene (In) is converted
to phenyl benzyl ketone (2n) in 73 % yield and ethyl cinnamate (1o0) provides the corresponding 1,3-
ketoester (20) in 59 % yield (Scheme 3).
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d in three steps starting from C7F5COOH.! Perfluorooctanoic

The catalyst 3 was
acid (4) was treated with methylmagnesium bromide yielding the corresponding methyl ketone 5 (76 %
yield). After ester condensation with methyl perfluorooctanoate the diketone 6 was obtained in 76 % yield.
Its treatment with palladium(II) acetate affords the paliadium bis(diketonate) complex 3 in 78 % yield

(Scheme 4).6
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Table 1. Methy! ketones 2a-m obtained by a Wacker oxidation of the alkenes 1a-m in a biphasic system
of benzene and bromoperfluorooctane using t-BuOOH as oxidation agent.
Entry Alkene of Type 1 Ketone of Type 2 Yield
(O\A
\ /vy
1 P X ia j\ 2a 957
P Me
MeO\M MeO ﬁ
2 [I\(' 1b Y Me  2p 807
~ I
\/
OMe OMe
A %
I /T X “Me
R/\/ i P
R
3 le:R=i-Pr 2¢c:R=i-Pr 787
4 1d:R=0Ac 2d:R=0Ac 847
5 1le:R=0OMe 2e:R=OMe 767
6 1f:R=Ph 2f:R=Ph 807
7 1g:R=CF3 2g:R=CF3 767
L e
8 N 1h 2 757
- ~N - 2 = e
0 0
9 H17Ce ™ Li Q 2i 827
H17Ce)L Me
, PiVOy Q
10 Vig = ij i 2j 8
9 J Pwof’)/:\Me J 73
N
11 PVO™ ™% 1k 1 2k 5492
PivO™ ™ Me
1l 9
12 PO~ pho. 21 587
- Me
13 MOy~ Im MeOC ﬁ 2m 779
"‘(V); Me

Asolated yield of analytically pure products.

The catalyst can be reused several times with similar yields but progressively longer reaction
times are required. Thus, in the case of the Wacker oxidation of 4-methoxystyrene (ie), the reaction was
repeated eight times with the same catalyst leading to 4-methoxyacetophenone (2e) in 70 - 78 % isolated
yields (Table 2).



Table 2. Isolated yields of 2e obtained by the oxidation of le reusing the same catalyst 3 after phase
separauon (see entry 5 of Table l)

run yield (%) run yield (%)
1 78 5 70
2 77 6 73
3 75 7 72
4 77 8 72

In summary, we have developped an efficient direct oxidation of alkenes to ketones using a
fluorous biphasic system. This method has the advantage of easy separation of the catalyst and allows its

reuse without a significant decrease of the yield.10
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