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NOVEL ALLYLIC OXIDATION REAGENTS 

Derek H. R. Barton* and Tie-Lin Wang 
Department of Chemistry, Texas A&M University, college Station, Texas 77843 

Am Rentafluorohenzeneseleninic acid and 2-@I-oxido)pyridineseleninic auhydrick were prepared and used 
effickntIy in the oxidation of alcohols and in the allylii oxidation of alkenes. 

The oxidation of activated methyl or methykne groups and of ally&z systems using seknium magents is an 
important method for introducing a hydroxyl or carbonyl groups into various organic stmctures.1 The classkal 
reagent, seknium dioxide, is frequently used for this purpose, but residue selenium is always a probkm particularly 
in industry. l-be eommemially availabk benzenesekninic anhydride avoids the tesidue probIem but allylic or benzylk 
oxidation is sluggish. We found that the oxidation reactions of 2-py&meseleninic anhydride are mom efficient than 
those of bezeneseleninii anhydride (BSA).2 This may be attributed to the greater electmn-withdrawing effect of the 
pyridine nuckus which renders the Se=G bond a better eneophile? We herein wish to report the preparation and 
applleadon of 2-Q+oxldo)pyridiiseknink anhydride and pentafluor&enzenesekninic acid. The introduction of 
stronger ekctton-withdrawing groups was made. to increase further the eneophilicity of the reagent so that the 
reactions might be performed at lower temperatures. 

~x~~~n~~ 1 reacted with NaHSe in ethanol to afford the selenol, which could be oxidked by 
dioxygen in the air to diselenide 2.3 Pentafluorobenxeneseleninic anhydride 3 was prepared by the ozonolysis of 
the corresponding diseknide 2 in anhydrous dichloromethane. AnhyQide 3 absorbed water very easily and the 
corresponding acid 4 was obtained eventually in 90% overail yield from diseknide 2. Its 77Se NMR spectrum ( a 
singlet at 1227 ppm referred to ~p~~~~k~ at 475 ppm in CDCl3) and mkmanal ysls are consistent with the 
acidic structure.1 The latter is stable at room temperature in the solid state. However its solutions in 
dichloromethane or acetone slowly became yellow. 

1 2 3 4 
At room temper&we in bermzne, 4 oxidized 1 equiv. of @-pieem 5 to give a mixture of alcohol 6 (35%) and 

ketone 7 (36%) during 14 h (Table, Entry 1). Under the same conditions, BSA did not react with bpinene 5. When 
2 equiv. of 4 were used, a mixture of 6 (20%) and 7 (75%) was obtained after 14 h at 20 OC (Entry 2); When 
heated to reflux in benzene for 2 h, 7 was isolated in 99% yield (Entry 3). 
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The oxidation of a-pinene 8 is slower: 8 was oxidized by 1 equiv. of 4 to give a mixture of myrtenol9 
(45%) and myrtenal 10 (20%) when heated to mflux for 2 h (Entry 4). With 2 equiv. of 4, 8 was oxidixed to 
myrtenai 10 in 85% yield in benzene under reflux for 2 h (Entry 5). 

~ _~+~ 

8 9 10 

With 1 Equiv. of 4, a-methyl stytene gave the corresponding aldehyde 13 in 45% yield at 20 o after 14 h 
(Entry 6). With 1.5 equiv. of 4, a mixtute of 12 (45%) and 13 (44%) was obtained in 2 h under mflux in benzene 
(Entry 7). With 2 equiv of 4.13 was obtained in 90% yield in 2 h underreflux in benzene (Entry 8). 

u Ph CR3 +u 
+ 

Ph CHzoH u Ph CHO 

11 12 13 
The oxidation of an *ho1 is facile. l-Octanol14 was oxidized to l-octanat IS in 90% yield with 1 equiv. 

~4~2OoCd~ng2h~n~P). 

-O/Is, - -Cm 

14 15 

The reaction of pentrdluombenzeneseleninic acid 4 could be made catalytic using tert-butyl hydmpetoxide 
(TBHP) as a reoxidant. When 10% 4 was added, TFMP can oxidize 0.5 equiv. of P_pinene to the 6mmsponding 
ketone 7 in 90% yield under mflux in benzene for 2 h (Entry 10). Under the same conditions, xanthene 16 was 
oxidized to xanthone 17 in quantitative yield in 2 h (Entry 11). 

16 17 
Under the same conditions, dihydrocholesterol18 was oxidized to the cormsponding ketone 19 in 90% yield 

(Entry 12). 
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2-(N-oxido)pyMncsekekninic anhydride 21 was prepad by the ozonolysis of the correspondii disekGk 
2O“iuanh@rousCH2Cl2 atOOCinalmostquantitativeyield.AainOkapptprtdat1347ppnkrits s 7fkNMR 
spectrurr0Uhenitwasallowedto stand inrirforMrmttime,thicpcakshiftsdto1191ppn.Thefirstbneisin 
accadanaetoitsanhydridefonnMdthclrr#awasassi~toitsacidicformahert)reabswptionofwata.‘Ihis 
compound was not stable and would explode mildly even at room temperature. However itisstabkinthe 
suspension in auhydrous cx2a2. Thus it should be prepared in situ bcfm the oxidation reaction. 

20 21 22 
Using the disekoide 20 as a catalyst and TBHP as oxidant might make a useful oxidation system. 

Presumably the explosion was caused by rearrangement of 21 to 23 followed by loss of oxygen. This reaction 
deserves further study. 

23 24 

When 0.5 molar equiv. of p(-)-pinene 5 was added to a newly prepared suspension of 21 in CH~CLQ and 
the~~wasstirredfor6h,alcohol6wasobtainedin~yield(Entry 13).Thehalflifetimeofthemactionis 
about 60 minutes. The reaction of 2-pyridineseknink anhydride 22 at 20 o with lrpinone 5 to give the alcohol 6 in 
74% ykld took 24 h (Entry 14). The half life time was 9 h. These results showed that the oxygen bonding to the 
nitrogen incmsed the ekctron-withdrawing effect and made the magent a better eneophik. When 1 equiv of p 
pineneSwasaddedtothesuspensionof21inbcn~ne,ketone7wasobtaintdin92%yitldaMernfl~for2h 
(Entry 15). With 0.6 equiv. of 4, a-pinene 8 was oxidized to give a mixture of alcohol 9 (57%) and aldehyde 10 
(28%) at room temperature overnight (Entry 16). 

PhI(OAc)2 could be used as the m-oxidant of the diseknide 20. A mixture of 0.1 equiv of 21 and 2 equiv of 
PhI(OAc)2 can oxidize &pinette 5 to give a mixtum of 6 (13%) and 7 (79%) after teflux in benzene for 6 h (Entry 
17). Under the same condition, xanthene 16 and diphen~thane 25 were oxidized to xanthone 17 (Entry 18) and 
benzophenone 26 (Entry 19) in 95% and 71% yklds respectively. 

25 26 
A typical procedure for ozonolysis: Ozone was bubbkd into a solution of diseknide in anhydrous CH2Cl2 

at 0 oC uutil the yellow color of the diselenide disappeared and a large amount of white solid came out (about 30 
min). Oxone was then purged by nitrogen for 10 min. 2-(N-oxido)py&Uneseleninic anhydride was used 

. . 
immc&&ly. Pcntafkorobenxenesekninic acid was faltered and furtberpurifkd by w fmmala%one 
dichloromethanc, m.p. 108-9 O; Microanalysis: Theory: C, 25.83%. H 0.36% Found C 25.61%, H 0.53%. 

A typical procedure for the oxidation reaction: Amixtumofanalkeneoranakoholandtheseknium 
reagent in benzene was stirred at 20 o or refluxed for some time. After cooling, the solvent was removed by vacuum 
to give a residue, which was purified by column chromatography on silica gel eluting with CH&!l2 to give the 
product. 
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IntrIes 13 and 16. 

In conclusion, allylic methyl and rnetbylene groups were pufomxd under mild conditions by using selenium 
(IV) magents. Electron-withdrawing groups incmased the eneophilicity of the reagent. 
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