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Abstmct : With the supported “clayniac” catalyst, in the presence of i-butyraldehyde as a sacrificial 

reducer, o&ins are epoxidized in good yields by compressed air at room temperature, in a convenient 

procedure. 

A search is under way for new epoxidation reagents: aromatic peroxy acids such as m-chloroperbenzoic 

acid (MCPBA) can no longer be used because unsafe in shipping and handling. One recent and efficient 

alternative is epoxidation of olefins by vanadium oxide (catalyst) and t-butyl hydroperoxide (oxidant) lv*. 

Another recent report showed that trisubstituted and exo-terminal olefins or norbornene analogs are smoothly 

oxygenated into the corresponding epoxides in high-to-quantitative yields on treatment with an aldehyde (reducer) 

under an atmospheric pressure of oxygen (oxidant) at room temperature in the presence of a transition metal 

complex Ni(dmp)2 as the catalyst 3. We decided to test a variant of this Mukaiyama procedure: the oxidizing 

prowess of some natural clays 4, our prior experience with “claynick” 536 and the convenience of a supported 

catalyst 7-g all made us opt for clay-impregnated nickel acetylacetonate as the catalyst. The choice of nickel (II) as 

a catalyst for an oxidation reaction has few precedent@, apart from the Ni(II)Bq-catalyzed oxidation of 

primary and secondary alcohols to carbonyls by benzoyl peroxide’ 1 and, more generally, oxidation of organic 

compounds by “nickel peroxide”t2. 

“Clayniac”: a solution of nickel acetylacetonate (2g in 20mL of acetone, ca. 0.4M) is stirred under moderate 

heating (5O“C). The KlO montmorillonite (Siid-Chemie; 2g) is then added to the suspension. The solvent is 

evaporated under reduced pressure, on a rotary evaporator. After careful washing with methylene chloride, to 

remove non-impregnated nickel, the residue is dried in an atmospheric oven at 1oOT overnight. 

Standardprocedure: a mixture of the olefin (Smmol), the catalyst (SOmg), and i-butyraldehyde (1mLz llmmol) in 

methylene chloride (10 mL) was stirred at room temperature in an autoclave under 10 bars of compressed air. 

After completion or interruption of the reaction, the solid catalyst was filtered through a short plug of silicagel. 

The i-butyric acid formed is removed by washing with an aqueous HC03Na solution. The excess of unreacted 

i-butyraldehyde is evaporated under vacuum together with the solvent. The products were analyzed by GC, by 
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comparison with authentic samples (Aldrich; Janssen) and a n-tetradecane standard was used to determine the 

yield. Isolated yields are often significantly smaller than the GC yields given in the Tables : secondary products of 

high molecular weights, polyperoxides presumablyl3, stay undetected on the column. Some results are shown in 

Table 1. 

Ta : 1. Cat 

En@y 

yzed aerobic epoxidation of olefir 

Olefin Yield, % Zonversion 

% 

1 90 

2 61 

3 98 

4 100 

5 57 

6 100 

7 95 

8 100 

9 97 

10 100 

11 89 

12 97 

13 100 

14 100 

15 100 

16 94 

17 99 

18 90 

19 100 

!O 100 

!l 96 

!2 :+)-limonene 92 
’ on the lomn. decomposes partly into 2,2-diphe .lethanal 
*) determined by GC analysis 
b) isolated yield 
C) retention time by GC analysis identical to that of an authentic sample 
d) identifed by GCiMS 
@ identified by tH and 13C NMFt spectra 

2,3-dimethyl-2-butene 

1 -hexene 

2-methyl- 1-pentene 

2,3.3-trimethyl- 1-butene 

l-octene 

2-methyl-1-heptene 

2,4,4_trimethyl- 1 -pentene 

2,4,4-trimethyl-2-pentene 

1,3J-trimethyl-l-cyclohexene 

(cis + wars) 

2-methyl- 1 -undecene 

cyclopentene 

cyclohexene 

cycloheptene 

1 methylcyclohexene 

cis cyclooctene 

cyclododecene (cis + tram) 

l&9-cyclododecatriene 

trans-trans-cis 

Cvinylcyclohexene 

5C@) 

5W) 

676 

9286) 

29a.c) 

67a) 

8la.e) 

76a) 

67a) 5Ob.d.e 

833 45h.e) 

34a.c) 

7la.c) 

89a) 

87a) 

KKW) 

8Oa) 78b.e) 

433 33b& 

5OW.e 

85a) 6Oh.e) 

trans stilbene 

norbomene 

S-norbonene-2methanol 

[endolexo) 

95* 92b.d.e 

74a.c) 

78a) 6Oh.e) 

75a.e) 75a,e) 

Note 

1 isomers d) 

2 isomers e) 

2 monoepoxides d) 

1 diepoxides d) 

I-vinylcyclohexane 

Jxides : 2 isomers@ 

tram oxide c&) 

! isomers e) 

! isomers 1.8 : 1 a) 

Besides the operational ease, this procedure commends itself by its low cost, compressed air serving as 

the oxidant. The catalyst is prepared from an inexpensive, commercial nickel complex. After the catalyst has been 
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washed thoroughly, them is no leaching of nickel into the solution. Control experiments prove true hetemgeneous 

catalysis to then occur. The catalytic turnovers (greater than 105 for a 99.2% yield of cyclooctene oxide, and than 

2.106 for a 82% yield of the same oxide) are gratifying. The reproducibility is also satisfactory, with yields 

invariant to f 5% The wide margin between conversion and yield with volatile oletins such as 1-hexene, 

cyclohexene, cyclopentene. etc. stems from evaporation of the olefin while the autoclave is depressurixed. 

Polymerization of the olefins is another source of loss on some substrates. As a rule nevettheless, the selectivity 

is excellent. With this methodology, little or no allylic oxidation into the alcohol or the a&unsaturated ketone 

occurs. Neither does isomerization take place: the terminal oletins 1-hexene and 1-octene do not turn into 2- 

hexene or 2-octene. Comparison with other literature methods is to the advantage of this montmorillonite-based 

variant to the new Mukaiyama procedure3. Various other methods give lower yields and/or allylic oxidation in the 

epoxidation of cyclohexene as the test substate 1417. While the best results are obtained in methylene chloride, a 

more environment-friendly non-chlorinated solvent such as t-butanol (Table 2) or methyl t-butyl ether can also be 

used, at least with the more activated olefins such as cyclooctene. 

Table 2. Epoxidation in t-butanol under 30 bars of air. 

Olefin Reaction time& Conversion % 

1-Hexene 16 98 

Cyclohexene 16ral 93 

Yield 95 

Wdl 
40 

31+ 3[bl 

1 -Me-Cyclohexene 16[al 100 83 

Cyclopentene 16 60 12 

Cycloheptene 4 67 36 

cis Cyclooctene 4 85 65 

Norbomene 3 95 63 

Stymne 16 91 11 

(+)-Limonene 4 93 67 

a-Pinene 16 100 26 

@Pinene 16 95 10 

[ahobarairpressure 
@I ketone from ailylic oxidation 
[cl determined by GC analysis 
[d] GC retention time identical to that of an authentic sample 

Longer reaction times, typically 16 h, are required. With a dozen test olefins, the yields in t-butanol under 30 bars 

of air are lower than in methylene chloride by 20-30% More generally, sluggish reactions show improved 

conversions or yields by raising the air pressure, or by resorting to pure oxygen. 

This methodology, while commendable for its simplicity, has some drawbacks. It is not applicable to 

unreactive olefins. Yields are not quantitative. One has to invest stoichiometric amounts of i-butyraldehyde as a 

sacrificial reducer, whose role is that of an oxygen transfer agent. The likely mechanism is co-oxidation of the 

sacrificial aldehyde and the olefin. The aldehyde is converted by dioxygen into, first the acyl. second the 
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acylperoxy radical. The olefin is cpoxidized either by the acylperoxy radical or by the corresponding peracid 

produced in situla-21. The influence of the nature of the aldehyde on the ease of the epoxidation is examined in 

the accompanying communication. With i-butyraldehyde, the resulting i-hutyric acid has to be separated from the 

epoxide product, which detracts from the usefulness of the methodology. A one-electron oxidation process 

appears excluded, by the lack of a correlation between the observed reactivities (cf. Table 1) and the half-wave 

oxidation potentials of the oletins from the literature 22-23. Accotdingly, we are working on ways to circumvent 

these minor blemishes, trying a co-catalyst for instance. Nevertheless, as also shown by others recently3 , the 

Mukaiyamaprocedure3can be adapted to good use. 
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