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5. To a solution of diethyl chloro(phenylthio)methanephos- 

phonate (0.02 mol) 2 in chloroform (30 mL) was added 

dropwise a solution of m-chloroperbenzoic acid (4.2 g, 0.02 

mol) in chloroform (30 mL) at 0 °C. The mixture was 

stirred at 0 t? for 1 hr and then allowed to stand overni

ght at room temperature. The insoluble materials were 

filtered off, and the filtrate was washed with 10% aqueous 

sodium carbonate solution (3X10 mL), water (10 mL), 

and brine (10 mL), dried, filtered, and concentrated. The 

residue was chromatographed on silica gel using ethyl 

acetate : hexane = 1: 1 to give the sulfoxide 3. Selected 

data for 3: mp 51-53 t?. NMR (CDCI3) 8 1.34 (m, 6H, 

OCH2CH3), 4.27 (m, 4H, OCH2CH3), 4.47 (d, 1H, CHC1, 

/ph —11-48 Hz, major diastereomer) and 4.74 (d, lHt CHC1, 

/ph = 10.05 Hz, minor diastereomer), 7.51-7.82 (m, 5H, 

ArH). 13C NMR (CDC13) 8 16.18, 64.80, 70.64 (dJPC^ 150.0 

Hz), 124.83 (126.51), 129.04 (12857), 131.92 (132.49), 140.84 

(140.00). 31P NMR (CDC13) 8 11.97 and 11.07. IR(CDC13) 

1274 (P=O, s), 1047 (S=O, vs) cm-1. MS m/e=65 (26.2), 

93 (30.5), 125 (100), 157 (29.1), 159 (8.7), 310 (3.9, M), 

312 (1.3, M + 2).

6. T. H. Kim and D. Y. Oh, Tetrahedron Lett. 1985, 26, 3479.

7. S이ected data for 4a: NMR (CDC13) 8 Z: 1.82 (d, 3H, 

J-6.91 Hz), 6.76 (q, 1H), 7.38-7.60 (m, 5H), E: 2.16 (d, 

3H,/=7.48 Hz), 6.36 (q, 1H), 7.42-7.63 (m, 5H). IR(CDC13) 
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Selected data for 4b:NMR (CDC13) 8 Z: 1.10 (t, 3H), 

2.36 (qn, 2H), 6.80 (t, 1H, 7=7.25 Hz), 7.49-7.79 (m, 5H), 

E： 1,20 (t, 3H), 2.86 (dm, 2H), 6.34 (t, 1H, /=8.10 Hz), 

7.51-7.71 (m, 5H). IR(CDC13) 1056 (S=O, vs) cm1.

Selected data for 4c:NMR (CDCI3) 8 Z: 1.07 (d, 6H), 

2.82 (m, 1H), 6.61 (d, 1H, _/=9.20 Hz), 7.47-7.66 (m, 5H), 

E： 1.11 (dd, 6H), 3.35 (m, 1H), 6.10 (d, 1H, 10.80 Hz),

7.45-7.60 (m, 5H). IR(CDC13) 1056 (S=O, vs) cm \ 

Selected data for 4d: 'H NMR (CDCI3) 8 Z: 1.21 (brs, 

UH), 6.59 (d, lH,/=9.38 Hz), 7.42-7.62 (m, 5H), E: 1.67 

(brs, 11H), 6.13 (d, 1H, 7=10.66 Hz), 7.38-7.60 (m, 5H). 

IR (CDCl：i) 1056 (S=O, vs) cm-】.
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The Baeyer-Villiger oxidation of ketones to esters is of

Table 1. Oxidation of ketones to esters with sodium percarbo

nate and TFAA

Entry Substrate Product Time (hr) %Yield&

0.67 72(82)”泰3¥4

"all yields are isolated ones.AYields in the parentheses are based 

upon recovered starting materials.

considerable synthetic use and has been performed with a 

variety of organic peroxy acids in those cases where the 

ketone is alicyclic, aralkyl or aromatic.1 However, ketones, 

especially of the type RCH2COCH2R', do not readily undergo 

oxidation to the corresponding esters with conventional rea

gents such as perbenzoic, substituted perbenzoic, peroxyace

tic, and Caro's acid. It has been reported that trifluoroperox

yacetic acid (TFPAA) has been shown to be an effective rea

gent for this type of reaction.2,3 Reactions with this reagent 

are rapid and clean, giving high yields of product, though 

it is often necessary to add a buffer such as disodium hydro

gen phosphate.4 Despite its powerful reactivity and useful

ness, 85% or higher hydrogen peroxide, of which the grade 

is now not widely available, is employed in most TFPAA 

oxidations. Few alternatives, including the use of urea-hyd- 

rogen peroxide complex, have been studied to overcome this 

problem.5

Here, we report an alternative way of generating TFPAA, 

which uses sodium percarbonate and trifluoroacetic anhyd

ride (TFAA). Sodium percarbonate is a safe and versatile 

oxidizing agent, which is commercially available and cheap.6 

In fact, Sodium percarbonate in acidic media showed that 

the Baeyer-Villiger oxidation was effective for cyclic ketones. 

But simple alicyclic ketones were not suitable substrates un

der this condition and deactivated ketones required long 

reaction times.7 In our condition, TFAA is added to sodium 

percarbonate in dichloromethane at room temperature to ge

nerate TFPAA in situ and an extra buffering agent is not 

necessary due to the sodium carbonate contained in the rea

gent.8
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Table 1 is given above to show our results, which were 

obtained from the reaction with various ketones. 6-Phenyl- 

2-hexanone (run 1), which is not an easy substrate for the 

Baeyer-Villiger oxidation, was converted to the desired ace

tate within 2 hrs in a high yield. The reaction of other acyclic 

ketones (runs 2 and 3) also provided desired products in 

excellent yields. Deactivated ketones such as 4-methoxyace- 

tophenone and benzophenone are similarly oxidized to give 

desired esters in good yields in t•시ativ이y short reaction ti

mes. In several examples (runs 1, 4, 6 and 7), conversion 

was not complete in reaction times indicated. But the oxida

tion was quite clean and yields were high based upon reco

vered starting materials.

Typical procedure is as follows. To a stirred solution of 

adamantyl methyl ketone (100 mg, 0.56 mmol) and sodium 

percarbonate (1.2 g, 9.0 mmol) in 8 ml of dichloromethane 

was added trifluoroacetic anhydride (320 jjL, 2.2 mmol) drop

wise at room temperature. The resulting mixture was stirred 

for 1.5 hrs and quenched with sat. NaHCO3 solution. The 

aqueous phase was extracted with dichloromethane and the 

combined organic layers were washed with H2O and dried 

over MgSO4. Concentration followed by purification on silica 

gel (elution with 5% EtOAc in hexane) yielded desired ada

mantyl acetate (104 mg, 96%).

In conclusion, the present procedure provides a useful and 

effective alternative to concentrated hydrogen peroxide for 

the in situ generation of trifluoroperoxyacetic acid. Its appli

cation to the synthesis of natural product is currently under 

way.
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