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Abstract

With Cu(MeCN)BF, as catalyst and benzotrifluoride as solvent, the allylic oxidation of cyclohexene by tert-butyl per-
benzoate was performed at room temperature in 75% yield without requiring an axcess of the olefin. The benzoyloxylation
of other cycloalkenes in using such a substrate/perester ratio required additives such as DBU, DBN or DMAP, and often an
increase of the reaction temperature. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ondary reaction§/] and could accelerate the reaction
rate. Since the use of an excess of substrate could
The copper-catalyzed allylic oxidation of olefins pe a problem in the case of expensive or synthesized
with peresters has been the subject of numerousplefins, the development of procedures using a 1/1
synthetic and mechanistic investigatior{a—10] olefin/perester ratio remains challenging.
This process, which is popularly known as the |n this paper, we report experimental conditions
Kharasch—Sosnovsky reaction, allows the direct func- which allow the Cu-Cata|yzed benzoy|oxy|a’[ion of cy-
tionalization of olefins in exploiting the special na- clohexene in good yield without using an excess of

ture of the allylic C-H bond. The allylic esters thus the olefin Eq. (1). The allylic oxidation of other cy-
obtained can be converted into allylic alcohols by cloalkenes is also presented:

hydrolysis or reduction methods. The whole trans- )

formation is very important from a synthetic organic Cu(MeCN),BF, (0.1 equiv.)

chemist’s viewpoint; furthermore, wfl1-13] and PhCO3t-Bu (1 equiv.) @\ )(J)\
others[14-16]* have proposed enantioselective ver- Solvent or neat, RT, 20-24 h o Ph(l)
sions of this process. An important limiting factor

of the Cu-methods reported in the literature is the

high olefin/perester ratio which is required to obtain o Experimental

good selectivities. The excess of olefins prevents sec-

- 2.1. Materials and apparatus
* Corresponding author. Teki33-3-2691-3237;

fax: +33-3-2691-3166. _ T ,
E-mail address: jacques.muzart@univ-reims.fr (J. Muzart). All reactions and distillations were carried out

1 For reviews, see Ref$17,18] under an argon atmosphere. Alkenes, acetonitrile,
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dichloromethane and benzotrifluoride (BTdo,a,a,-
trifluorotoluene) were distilled over Cahprior to use.
Acetone was distilled over ¥CO3. Cu(MeCN)BF4

(1) was freshly prepared prior to use from fQuand
HBF, according to the procedure reported by Kubas
[19]. Other reagents were used as-received.

2.2. General oxidation procedure

A Schlenk flask was charged with a freshly
prepared sample ofi (62mg, 0.2mmol), solvent
(5ml) and additive (0 or 0.2mmol). The alkene
(2mmol) was added, followed by dropwise addition
of tert-butylperbenzoate?j (0.38 ml, 2mmol). The
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is interesting to note that this 75% yield obtained in
using a 1/1 ratio of cyclohexene a2dat room tem-
perature for 20h is close to the 80% vyield recently
reported by Sekar et gB] from a 0.1/0.12/10/1 mix-
ture of Cu(OTf}/1,8-diazabicyclo[5.4.0]lundec-7-ene
(DBU)/cyclohexend stirred at room temperature for
32h in acetone.

These results show that cyclohexene could be easily
oxidized in good yield without requiring an excess
of the starting material if the right solvent is used.
Acetonitrile and acetone are ligating to the metal and
act probably as a shield around the copper center. The
lower coordinating ability of CHICl, and BTF leads
probably to a more “naked” metal with thus, a better

reaction mixture was stirred at the appropriate temper- reactivity. These observations urge us to carry out the

ature until disappearance of perbenzoate (TLC analy-

sis, SiQ, petroleum ethgfEtOAc = 95/5, Ry = 0.4).
The mixture was diluted with saturated NaHgO
aqueous solution (50 ml), stirred for 10 min, extracted
with Et,O (3 x 20 ml) and dried over MgS§€ Prod-
ucts were purified by column chromatography (&iO
petroleum ethetEtOAc = 95/5) and characterized
by NMR spectroscopy.

3. Results and discussion

As a model reaction, 1eq. of cyclohexene was re-
acted at room temperature for 20 h with a stoichiomet-
ric quantity of2 and a catalytic amount df A cationic

oxidation in the absence of solvent but the yield was
reduced to 53% (entry 5).

The reaction in BTF was homogeneous at the be-
ginning but a blue precipitate was produced in the
course of the oxidation and its amount increased with
time. The mass spectrum of this solid showed three
fragments attributed to [PhGQu]t (185, 100%),
[PhCQ,Culo™ (369, 56%), [PhC@Cu]st (553, 11%).
The presence in this precipitate of the counter-anion
BF4;~ was revealed by a wide band in IR spectroscopy
(1073 cn1l) [26]. From these data, the structure of the
blue complex is tentatively attributed to the cationic
copper trimer (PhC&Cu)k(BF4)3 (3).* Interestingly,
we have observed that the use3in BTF, acetoni-
trile, acetone or dichloromethane did not catalyze the

salt was chosen as catalyst since the absence of aa"y"C oxidation of cyclohexene bg.

strongly coordinating anion creates coordination sites = ) X
b_dat|ons involves homolysis of the perester oxygen—

on the Cu atom that are more accessible to the su
strates entering the catalytic cycle. Using acetonitrile
or acetone as solveft, 2-cyclohexenyl-1-benzoate
was isolated in 12—14% yield34gble 1 entries 1 and

2). Thus, we decided to examine this reaction in less

coordinating solvents. In dichloromethane, the yield
was increased to 64% (entry 3); the use of BTF, a
solvent which has already improved the efficiency of
other oxidation$20—25] yielded 75% of the ester (en-

try 4). With these two latter solvents, the conversion
of the oxidizing agent was complete and only traces
of side products were detected from TLC analysis. It

2 Recent studies of the Cu-catalyzed allylic oxidation of
alkenes by2 were generally performed in acetonitrile or acetone
[9,14,16-18]

The generally accepted mechanism for such oxi-

oxygen bond by copper(l) leading to copper(ll)
benzoateA and thetert-butoxy radical Scheme 1
step a). Abstraction of an allylic hydrogen atom by this
radical affordgert-butanol and an allylic radical (step
b) which reacts withA to give copper(lll) intermedi-
ate B (step c). The final step would be a pericyclic
reaction ofB providing the allylic ester and regener-
ating the copper(l) catalyst (step [@).

3 A blue precipitate was also observed when the reaction was
carried out in the absence of solvent (run 5).

4 We did not succeed to obtain suitable crystal8dér X-rays.
The crystal structure of a neutral trinuclear copper(ll)carboxylate
has been recently documentg&y].
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Table 1
Copper-catalyzed oxidation of olefins by stoichiometric amountefbutylperbenzoate
Entry Substrate Solvent Additi%e t (°) Time Product Yield (96)
OCOPh
1 @ MeCN No RT 20h ©/ 12
2 Acetone No RT 20h 14
3 CHCl» No RT 20h 64
4 BTF No RT 20h 75
5 Neat No RT 24h OCOPh 53
6 @ CH,Cl, DBU RT 6 days {j 64
7 BTF DBU RT 6 days 63
OCOPh
8 @ CH,Cl3 DBN 40 7 days ©/ 32
OCOPh
9 CHoCl, DMAP 40 7 days 23
OCOPh
10 CHyCl» DMAP 40 5 days 53

aFor the experimental conditions, see tBection 2.2
bDBU: 1,8-diazabicyclo[5.4.0]undec-7-ene; DBN: 1,5-diazabicyclo[4.3.0]non-7-ene; DMAP: 4-dimethylaminopyridine.
Clsolated yield.

We propose that supramolecular associationf of B would be more efficient than self-associations of
afford 3 (step e). The formation under our conditions copper intermediates which result in the quenching of
of such a stable complex which is not able to induce the copper.
catalysis could explain why the reactions reported in  The 1-catalyzed oxidation of a 1/1 mixture of cy-
the literature have been mainly developed in using clopentene an@ in BTF afforded only traces of the
excesses of alkene. Higher amounts of alkene shouldexpected allylic ester after a few hours; prolonging
facilitate step b and consequently, the reaction of the the reaction time gave secondary reactions and de-
allylic radical with A (step c). Thus, the formation of composition of the oxidizing agent. Similar results

Scheme 1.
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were obtained when the reaction was performed in allylic oxidation of cyclohexene by a stoichiometric
dichloromethane or acetone. The allylic oxidation amount oftert-butylperbenzoate has been efficiently
procedure reported by Sekar et[@] suggested usto  carried out. Under such conditions, cyclopentene and
carry out the reaction in the presence of an additive cycloheptene gave mainly decomposition reactions
such as DBU. In fact, the addition of 0.1 eq. of DBU while no reaction was observed from cyclooctene
allowed a clean reaction to occur in trifluorotoluene and 1,5-cyclooctadiene. Nitrogen additives such as
or dichloromethane; the reaction proceeded slowly DBU, DBN or DMAP can play a role as stabilizing
giving 2-cyclopentenyl-1-benzoate in 63—-64% vyield or activating agents in these cases, and have allowed
(entries 6 and 7). Sekar et gB] have stated that the reactions to be performed in modest to fair yields
the presence of DBU increased the rate of their ox- without using excesses of the alkene.
idation process. We suggest that this additive could
coordinate to Cu-intermediates, this precluding the
self-association oA and/or promoting some steps of Acknowledgements
the catalytic cyclé.
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