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Abs&ct: Oxidon ofN.N4ilsubstinned &v&o@hines by N-me#ghnnphIine N-ax& &!MO) 
and ca&Iytic amounts of tetra-n-prqqyhmmonhm per7wYwate (i+Pfl) al room temperature 
occurs wy r@a$ to give th corresponding nilrones, which um be trqped by dipo~ies 
present in the reaction mixture, in excellent yieik A compeiitive experiment in the presence of a 
primary alcohol gave a =- 50: 1 nitrone to ah&z% ralio. 

Among the synthetic methods for the obtainment of nitrones,l two procedures are by far the 

most useful and utilize& !, the condensation of a N-substituted hydroxylamine with a carbonyl 

compound and ii) the oxidation of secondary amines. The latter can be performed directly fkom the 

amine2 or by a two-step procedure via the inmediate NJkiisubstituted hydroxylam5re.l The 

methods for the direct oxidation of secondary amines suffer of the use of aqueous hydrogen peroxide 
in water or biphasic systems?“d of toxic matis,2d or of expensive and not commercially 

available oxidants in stoichiometric (2 equivalents) amounts~f On the other hand, highly toxic 

mercury salts in exceeding amounts are involved in the most successful method for the oxidation of 

hydroxylamines to nitrones, the use of di&rent oxidants being less uuiversal and satisfactory. 1 
Due to our synthetic interest in the field of N-oxides,3 we were attracted by the development of 

an alternative oxidation methodology to nitrones and started a research on the use of tetra-n- 

pr~pylammonium perruthenate OrpAP) as a possible catalyst for the oxidation of nitrogen 

containing products.5 

In this communication we report on the use of TF’AF’ for the smooth and convenient conversion 
of hydroxylamines to the corresponding nitrones by using 1.5 equivalents of N-methy~orpholine N- 

oxide (NMO) and 5% TPAP in acetonitrile in the presence of 4 A molecular sieves at room 

temperature (Scheme i’).6 
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SCHEME 1 
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TABLE. Oxidation of Hydroxylamines l-6 Catalyzed by Tetra-n-propylammonium Penuthe 

-N- 

AH 
1 

Ph-N-Ph 

Al-i 
2 

c) 
N 

AH 
3 

0 
F 

Q 
b” 
5 

pws B OCt+Ph 

G 

bn 
6 

a@-;- 
A- 

7 

Ph’@%-Ph 

b- 
8 

c) A+ 
N 

b- 
9 

pwq OCl+Ph 
x d N+ 

“: 
0- 
13 

la 

lb 

lc 

0.5 

18 

72 

100 <I:50 

100 1:s 

100 15 

2a 1 92 25o:l 

2b 48 75= z-50: 1 

24 3 1ooC >50: 1 

3a 0.5 100 

3b 22 94 
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aRcaction txx&iom (llnki cithomk stated): hydroxylamim (0.5 mmol), NM0 (0.75 mmol), TPAP (0.02s mmol), dry 

CH3CN(2.5mL),rt.b8y1HNMRC65%isolatcdyiddby~scparstiaa.dOha5lmndscalewithl.2 

eq ofNM0 aad 1% TPAP; 82% don. mo% imlatai yield (on the fmverklln&my~)asawhitesolidby 

~~~.~~leqofNMOaad2%TPAP.BNiboae~aotirdptcd;tbeyidd~toatwogtep 
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Hydroxyhunines l-6 are very rapidly and ef6eiently oxidized in less than one hour and higb 

yields (*? for the single oxi~on step) to give the aorrespondine x&ones (Table). The reaction 

occursalsoinabseuceof cstelysisbyTpAp,butveryslowly,theconversionofhydroxy~1to 

nitrane7bcingless~l00/oafter3d.Thcrtgio-apdstcrcochcmicalfe~softhc~sllsc 

quite~tathqscobsnve<linothaoxidetioapr~s.Hydroxylaminel~~~~e7asa 

Z:E mixtum, the less stable E isomer being the pmdominant (>SO:l after 30 min, entry la>8 and 

isome&iug to the mere stable 2 isomer at longer reaction times (entries lb-c). as already observed 

for a difErent nitrone.9 N&one g is formed only as the more stabk 2 isomer (entries 2), as normally 

observed for C-phenyl substituted &ones. About the regiochemical outcome, hydroxylamine 5 

furnishedaS:lmixhlreoftheketonitronelltothealdonitronelZ(entry5)vs.a3:lratioobtainedin 

the oxidation with yellow mercuric oxide. 10 Most of the oxidations have been perf&med on a 0.5 

mm01 scale by using 1.5 eq of NM0 and 5% TF’AP, but the reaction can be carried out with just 1 eq 

of NM0 and l-2% TPAP (entry 3c) and scaled-up (entry 2c) maintaining the same efficiency. 

Since the oxidation conditions are extremely mild and tolerate the presence of even very 

delicate functional groups,4b the reaction can be carried out in the presence of dipohuopues, in 
order to dicecdy .obtain valuable isoxaxelidme adducts, suitable substrates for other useful 

transfotmations~~ll This concept is exemplitled by the direct obtainment of isoxaxolidines 15 (68% 

isolated yield by column chromatography, 1.3: 1 diastereomeric ratio) from hydroxylamine 4 and 

ethyl fbmarate (14, 1.5 es) in the oxidation eomiitions (Scheme 2).12 

SCHEME 2 

The very high rate of the oxidation to &ones prompted us to verify the chemoselectivity 

affordabe in a competitive experiment witb a prinuuy alcohol, which are also Sown to be oxidixed 

very quickly.4b We then subjected a 1:l mixture of hydroxylamine 1 and l-undwanol (16) to the 

standard oxidative conditions employing 1 eq of NMO. After 30 min we recovered a 1: 1 mixture of 

the nitrone 7 and the start@ alcohol 16, thus assessing a >50: 1 rate ma&ion of hydroxylamine to 
alcohol, since uudecanal could not be detected even iu trace in the reaction mixture by 1H NMR 

(Scheme 3). 

SCHEME 3 
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III sumuuuy, this novel oxidatiou method employs only commercially available and non toxic 
materials, very mild react& conditions and quick aud simple work-up proaduns aud gives excellent 
yieldsofnitrcmes,sothatitcenbeexpected~mmeethighpopulmitylmrong -hers involved in 
this field, Since TPAP tolerates a large number of functionalities (silyl ethers, double and triple 

bond% cyclopmpaue 5, esters, acetals, epoxides, lactonf%, halides),4b iucluding hydroxyl groups in 
this peculiar case, it is expected to be extremely uJeful for in situ generation of &ones in the 
presence of dipolarophiles able to capture them to give useful isoxaxolidiue intermediates and 
particularly in intmmolecular q&additions of complex molecules. 
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The scope and usefoluess of this reaction is fintherly under investigation in our research group. 
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