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Abstract 

The course of palladium-catalyzed oxidation of a terminal alkene by t-BuOOH or 
by O,/H,O is greatly modified when the allylic carbon bears a p-toluenesulfonyl 
substituent, and allylic oxidation results. Mechanistic explanations of this observa- 
tion are proposed. 

Introduction 

Allylic oxidation of alkenes is a matter of great practical importance and many 
approaches using transition metal complexes as catalysts have been developed [l]. 
We previously described the formation of a,&unsaturated carbonyl compounds by 
UV irradiation of oxygenated solutions of n3-allylpalladium complexes [2]. Direct 
allylic oxidation of alkenes in the presence of catalytic amounts of palladium salts 
was observed when the reaction mixture was irradiated under an oxygen atmosphere 
[3,4]; l-(p-toluenesulfonyl)-l-propenal (I) was obtained in this way in good yield 
from either l-( p-toluenesulfonyl)-2-propene (2) [4] or l-(trimethylsilyl)-1-( p- 
toluenesulfonyl)-2-propene (3) [5], according to eq. 1. The best turnover numbers 
were obtained when the photoassisted reactions were carried out with Pd(OCOCF,), 
as catalyst and acetone as solvent, and thus we postulated the in situ formation of 
peroxidic derivatives of this solvent [3-51. Such a hypothesis led us to examine the 
palladium-catalyzed oxidation of 2 and 3 in the absence of UV light either with 
anhydrous t-butylhydroperoxide instead of O,/acetone/hv, or under conditions 
used for oxidation of terminal alkenes to methyl ketones [6]. 
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Table 1 

Oxidation of 2 in the presence of Pd(OCOCF,)2 (0 07 eyui~.) and ,mhqdroua 1-Bu0Ol~ (4 equix. 
50 o C under argon 
-~- 
Run Solvent -rime Conversion Selectlvll~ (i (5) 

idays) (c;) P c$ 5 

Results 

(I) Allylic oxidation of 2 and 3 b.y t-butylhydroperoxidr catulvzed t!\. E’d(C)C‘OC&), 
When a toluene solution of the sulfone 2 was treated w:itF, rtnh~drolls t-BuOOH 

(4 equiv.) and Pd(OCOC’E;, ):. (0.07 equic.) no allylic oxidation was c)hservrd at 
room temperature. However, when the temperature was increased to Cfi o C’. t-butyl 

peroxoether (4). allylic alcohol (5), and minute amounts (>f aldeh\idc 1 s+.g:re obtained 
(Table I, run 1). 

Lower yields were obtained in the presence of tricthylamjne (run 2) or \vith 
acetone as solvent (run 3). C’se of CuCl instead of Pd(OCOC~F,), as catalyst did not 
give any 4 as was expected from reports in the literature [ri.iil. When the s~~lfone 3 
was used under similar conditions. the desilylated compound 2 \*a~ the major new 
product (conversion 55% : selrctivity 55’x,), along Lvith >mall quantilicc ttf c>xidizcJ 
products. 

The structure of the peroxo compound 4 was established from its bpectra. its 
reduction to the alcohol 5 by potassium iodide in the presence of acid 191. and the 
transformation of this alcohol into the t-butyl ether derivative 6 [ 10 * j (Scheme 1). 
Under the conditions of run 1, no alcohol 5 was formed from the perox\,t:ther 4~ 
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Scheme 1 

* Reference number with asterisk Indicates a note in the list of referrnces 
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Table 2 

Oxidation of 2 and 3 at room temperature in aqueous dimethylformamide solutions (DMF/H,O = 7/l) 

Run Starting PdCl, Cocatalyst Time Conversion Selectivity 0 (W) 
material (equiv.) (equiv.) (h) (%) 5 1 2 

4b 2 0.1 CuCl(1) 20 36 10 35 
56 2 0.05 (Me,S)CuBr (2) 23 47 2 6 
6’ 2 0.01 benzoquinone (1.1) 20 35 8 16 

;z 3 3 0.1 0.05 CuCl(1) (2) (Me,S)CuBr 24 23 100 99 19 3 24 4 25 51 
9c 3 0.01 benzoquinone (1.1) 20 100 4 18 39 

’ cf. ’ in Table 1. b Reaction under oxygen ( p 1 bar). ’ Reaction under argon. 

2. Allylic oxidation of 2 and 3 by oxygen and water catalyzed by PdCI, 
When a solution of 2 in aqueous dimethylformamide (DMF/H,O = 7/l) was 

treated with a palladium salt, the allylic alcohol 5 and the conjugated aldehyde 1 
were formed (Table 2, runs 4-6). Under similar conditions, higher conversions were 
obtained from the a-silylated alkene 3 (runs 7-9) but the desilylated alkene 2 was 
the major product. 

Discussion 

The formation of an allylic alcohol, an allylic peroxyether, and a conjugated 
aldehyde in the oxidation of the sulfonylated alkenes 2 and 3 in the presence of Pd” 
is very interesting in view of other reports *. A methyl ketone has been reported to 
be the main product of the oxidation of the palladium trifluoroacetate-catalyzed 
oxidation of terminal alkenes by t-butylhydroperoxide [12] (eq. 2) and a y-diketone 

0 

Pd(OCOCF,), 

t-BuOOH 

was isolated from isophorone under fairly close conditions [14] (eq. 3). The 
formation of a methyl ketone by oxidation of terminal double bonds by 
Pd”/Cu”/H,O/O, is a well known and useful reaction [6]; sometimes, the saturated 
aldehyde is isolated when the allylic carbon of the terminal alkene is substituted by 
an electron-withdrawing group [15]. 
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* Desilylation of 3 and 2 under our experimental conditions was unexpected and we cannot suggest a 
satisfactory explanation. 
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DMSO solution and gave the alcohol 5 [18]. This alcohol could be oxidized into 1 
under the reaction conditions of the Table 2. Meanwhile, it appears that higher 
yields (yield = conversion X selectivity) in 1 + 5 are obtained from 3 (runs 7-9) than 
2 (runs 4-6). Thus, the desilylated alkene 2 can be involved only in part during 
oxidation of 3. A more efficient formation of the n3-allylpalladium derivative 8 from 
3 rather than 2 [5] could account for these results. 

Experimental 

The preparations and characteristics of 1, 2, 5 and the metal salts have been 
described previously (see ref. 4 and references therein). Alcohol 2 can also be 
obtained from epichlorhydrin and sodium p-toluenesulphinate under phase transfer 
conditions [19]. Complexes 7 and 8 were obtained by Trost’s procedure [20]; the 
instability of 7 precluded its isolation; 8 has been described previously [18]. 
Anhydrous toluene solutions of t-BuOOH were obtained by Sharpless’s procedure 
[21]. A rubber balloon filled with 0, was used for reactions carried out in the 
presence of oxygen. Work-up procedures were similar to that previously described 
[4], and separation of the products were carried out on silica TLC plates. 
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