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SYNTHETIC COMMUNICATIONS, 25(13), 1907-1912 (1995) 

SCREENING OF VARIOUS PROCEDURES FOR THE 
OXIDATION OF A 1,3-DIOL WITH A 2-BENZYLIC POSITION ; 

HOW TO OBTAIN THE 1,3-DIKETONE ? 

Christophe Provent*, Pierre Chautemps and Jean-Louis Pierre 

Labratoire de Chimie BionimCtique, LEDSS (URA CNRS 332) 
UniversitC J. Fourier, BP 53 - 38041 GRENOBLE Cedrx 9,  France 

Abstract : Various oxidizing procedures (Swem, Collins, Dess-Martin, Corey (PCC), Mn@, 
TEMPO, Jones) have been screened with the aim of oxidizing a 1.3-diol with a 2-henzylic 
txxition, into the corresponding P-diketone. Surprisingly, this functional group interconversion 
has been successfully achieved only by a special version of the Jones procedure. 

In the course of a multistep synthesis, we required a convenient and 

preparative method for the synthesis of a 1,3-diketone from the corresponding 

1 J-diol. The benzylic nature of the central carbon enhanced the difficulty of the 

required transformation. Surprisingly, there are very few reports describing the 

oxidation of 1,3-diols or 0-hydroxyketones to l13-diketones. This is presumably 

due to the expectation that under oxidation conditions, the intermediary (or 

starting) P-hydroxyketone derivative would suffer fragmentation (retroaldoi 

process) or undergo fLelimination of water andor undergo further oxidation of 

the enolic product. The difficulty of the oxidation of P-hydroxyketones has been 

* To whom correspondence should be addressed 
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1908 PROVENT, CHAUTEMPS, AND PIERRE 

emphasized by Evans1 who obtained a dichlorinated product when using the 

Swem reagent ! Starting from 4- hydroxydecan-2-one, Smith2 has screened 

various oxidation methods ( Collins oxidation, pyridinium chlorochrornate and 

pyridinium dichromate, Jones reagent and two versions of the Swem procedure) ; 

only Collins oxidation and the oxalyl chloride version of the Swern procedure 

afforded cleanly the desired 2.3-decanedione. No starting material involving a 2- 

benzylic position has been studied to our knowledge. 

The aim of this work is to find a convenient procedure leading to the 1.3- 

diketone : (i) starting from a 1,3-diol, (ii) not involving the isolation of the 8- 

hydroxyketone and, (iii) applicable to the case where a 2-benzylic proton is 

present. The model substrate 1 (mesold-1 mixture : 90/10) was chosen to 

investigate the r~ i c t ion .~  

" " W O H  L "VH L 

OH OH 

Talang in account the reactivity of the expected product 3. 1 was subjected 

at first to the commonly employed oxidizing agents working in non-acidic media 

(Table 1) : 

- the Swem procedure (dimethyl sulfoxide, oxalyl ch1oride)j which had afforded 

the best yield in the case of 4-hydroxydecan-2-one2, gave only the 

hydroxyketone 2 (85%) beside the unreacted starting material. 

- Collins oxidation ( 0 3 ,  ~ y r i d i n e ) ~  gave exactly the same result as did the 

Swern procedure ; when 2 was directly subjected to the reagent (Swern or 

Collins), it remained unchanged and the formation of 3 was not detected ; another 
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1909 

Table 1 : Screening of oxidizing reagents 

Time  T"C 1 2 3 ArCOCO;\Ie m . n i  t ro 
(,\r=rn So2 C6 HJ ) b e  n z o i c 

acid 

Swem 18  45 min -60 traces 8 5 %  none none none 

Cl~l l lnc '  3 2 5 h  20 traces 76% none none none 

MnO? 4 48 h 40 88% traces none none Inone 

ncztnmidu 4 240 h 20 75% 20% none n<1ne none 

(2hfcpBA) 240 h 20 70% 20% none none n o n e  
TEMPO 0 1  

Dess- 
Mdrtin  2 5  6 h 20  unidentified products 

Corey 3 10 h 20 none none none 65Z traces 

Joncs See Tahlc 2 

*the ELans version led only to tinidentified products. 

version of the Collins procedure, successfully used by Evans' ( C e ,  pyridine, 

Celite), led to a mixture of unidentified products and no formation of 3. 

- tentative oxidation with Mn@6 led to trace amounts of 2 ; 1 was quite 

quantitatively recovered. 

- two procedures have been investigated using 4-(acetamido) TEMPO : the first of 

them implies an excess of the reagent (2 equiv.) in the presence of 

p-toluenesulfonic acid (2 equiv.)' while the second procedure uses catalytic 

amounts of the nitroxide derivative (0.1 equiv.) in the presence of a 

stoichiometric amount of m-chloroperbenzoic acid8 ; after ten days at 2OoC, only 

2 was detected (20%) and nearly 75 % of 1 recovered, with both procedures. 

- Dess-Martin reagent (periodinane)g led only to unidentified products. 
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1910 PROVENT, CHAUTEMPS, AND PIERRE 

Table 2 : Jones reagent 

I 2 3 ,\rCOCO\le rn .nit  r o  
b e n z o i c  

ac id  

4* 40 h 20 none traces none 85 % k l C t %  

20 19 h 20 none none 10% traces 73% 

1 5 niin 20 18% 27% 47% none tract% 

2 3.5 h -20 none 15% 57% none traces 

2 5.5  h -20 none 5% 70% none 5% 

2 6.5 h -20 none traces 65% none 10% 

*biphasic medium (CH2C12M20) 

After these failures, we tried the reactions of the commonly employed 

oxidizing reagents working in acidic media : 

- the Corey procedure (pyridinium chlorochromate)1° led only to the a-diketone 

m-N@C&&OCOCH3, putatively from the oxidative cleavage of the C-C 

double bond of the enolic form of 2 or 3 ,  and trace amounts of nitrobenzoic acid. 

- various procedures using the Jones reagent (CrO-j, H2S04)11 have been 

investigated (see Table 2), leading in one case to the desired 3 in an acceptable 

yield. 

Reuctions wirh rhe Jones reagenr : 

With the aim of limiting the contact between the oxidizing reagent and the 

reaction product, we have used biphasic water-dichloromethane media ; 

unfortunately, we have obtained the same result (with various time periods) as 

with the Corey reagent. The progress of the reaction in biphasic medium has been 
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l13-D1KETONE 191 1 

followed by TLC and 1H NMR : the oxidative cleavage of 2 (and not 3) is 

evidenced by the detection of transient m-N@C&I4COCHOHCH3. 

The classical Jones procedure (in acetone) applied for a long time (19 h) 

led to nitrobenzoic acid as the main product ; applied for a short time (5 min), the 

reaction afforded a mixture containing 1 (18%), 2 (27%), the target product 3 

(47%) and trace amounts of nitrobenzoic acid The presence of both nitrobenzoic 

acid and 1 evidences that the oxidative degradation of 2 and 3 is faster than the 

oxidation of 1. 

Finally, we investigated the classical Jones procedure (in acetone) at a lower 

temperature (- 20°C) for various reaction times. The main results are depicted in 

Table 2. In the best case, the target product 3 has been isolated with a 70% yield. 

The experimental procedure for this assay is given herein. 

Experimental procedure : 1 mmol (225 mg) of 1 was d i sdved  in 15 ml of 

acetone. To the chilled solution (- 2OOC). 2 mmol of the Jones reagent ( C r e ,  H2SO4, H20) 

were added. The solution was kept at -20°C under stirring for 5.5 hours. After addition of 4 ml 

of propan-24, the solution was rised to room temperature and then imde homogenous with 

addition of water. EDTA tetrasodium salt was added in excess and the solution stirred for 2 

hours. After extraction with dichlmomethane, drying on Na2SOq and evaporation of the solvent, 

a yellow oil was obtained. Chronmtography (silicagel, hexandethyl acetate) gave 154 mg (0.7 

mmol) of pure 3 as a yellow solid (yield : 70%) identified by comparaison with an authentic 

sample.3 TLC (hexane /ethyl acetate =7/3): RF 0.63. 
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