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OXIDATION OF ACTIVATED HALIDES TO ALDEHYDES AND
KETONES BY N-METHYLMORPHOLINE-N-OXIDE

William P. Griffith, Jenny M. Jolliffe, Steven V. Ley, Karsten F.
Springhorn, and Peter D. Tiffin

Department of Chemistry, Imperial College of Science, Technology and Medicine,
South Kensington, London SW7 2AY, UK.

ABSTRACT: N-methylmorpholine-N-oxide (NMO) in acetonitrile
solution will oxidise activated primary halides to aldehydes and secondary halides
to ketones in good yields at room temperature.

The oxidation of organic halides to carbonyl derivatives is an important
synthetic transformation.! Several reagents are known to effect this oxidation but
often require high temperatures and/or produce noxious by-products. The best
known of these methods is the Kornblum oxidation? while others such as the
Krohnke reaction3 and the Hass-Bender oxidation4 are still commonly used. Other
procedures include the use of metal nitrates5 and nitrites6, chromium based

reagents’ or the Sommelet oxidation8 and its various modifications.9 More recently
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Table. Oxidation of activated halides by NMO.

Substrate Yield Carbonyl (%) Time (h.
Benzylbromide PhCHO 73 2
Benzylchoride PhCHO 50 3
p-Methoxybenzylchoride pMeO-PhCHO 59 1
Cinnamylbromide PhCHO 72 3
Bromodiphenylmethane PhCOPh 66 5
(1-Bromoethyl)benzene PhCOCH3 55 3

the use of amine oxides,10 and particularly pyridine N-oxidell has been

recommended which has become popular.12

In connection with other work!3 we find that N-methylmorpholine N-oxide
(NMO) in acetonitrile is an efficient and inexpensive reagent for these oxidations
and with activated halides, reactions take place at room temperature. We had earlier
reported!3 that NMO functions as a co-oxidant with the ruthenium (VI) complex
(PPh4)[Ru0,(Q2CCH3)ClI,] (1) for this oxidation reaction but have since found on
further study that while alcohols, sulphides and phosphines are indeed catalysed by
(1) with NMO as co-oxidant, the latter alone effects the halide oxidation.

The yields from some typical oxidations, all carried out at room
temperature, are shown in the Table. Aldehydes and ketones can be isolated or
more usually were characterized as the corresponding 2,4-dinitrophenylhydrazone
derivatives. It can be seen that in the examples given there is no competing

oxidation of other functional groups, such as C=C double bonds.
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We believe that the reagent is effective because the formation of N-
methylmorpholine, a strong base, assists the removal of the halide group but does
not cause elimination, The incorporation of 4 A molecular sieves in the reaction is
also beneficial in that these appear to sequester by products of the reaction and

improve the work-up procedures considerably.

Although NMO has been used before!4 there are no reports previously of
ketone formation by this reagent. Moreover these new conditions are mild and
experimentally easy to carry out, and we believe that they could be adapted to a

wider range of substrates.

Experimental Section

General procedures. The oxidation of benzyl bromide is typical.
Benzyl bromide (0.1g, 5.8 x 104 mol) was added to a solution of NMO (0.14g,
1.2 x 10-3 mol) in acetonitrile (10 cm3) containing activated powdered 4A molecular
sieves (3 cm3). The solution was stirred the reaction being followed by tic. When
no further changes were apparantly occuring the reaction was worked up by
filtration through a pad of silica gel. The filtrate was concentrated in vacuo and the

2,4-dinitrophenylhydrazine derivative of the carbonyl product prepared by the
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addition of a methanolic solution (10 cm3) of the 2,4-DNPH (4g in 150 cm3
methanol containing conc. HpSO4 added dropwise to effect dissolution). The yield
of the carbonyl was assessed by recording the weight of the derivative produced.

NMO and acetonitrile were used as supplied by Aldrich.
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