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Abstract: Hydroxymethyl substituted aromatic hetrerocycles, including pyridines, furans, and thio-
phenes, are oxidized to the corresponding aldehydes in excellent yields by 4-acetylamino-2,2,6,6-
tetramethylpiperidine- 1-oxoammonium perchlorate (1) with minimal workup.

© 1999 Elsevier Science Ltd. All rights reserved. ’

During our investigation of new chiral ligands for asymmetric catalysis,1 it became necessary to obtain
certain aromatic heterocyclic aldehydes that are not commercially available or are prohibitively expensive. An
attractive and viable route to many of these consists of oxidizing the corresponding alcohol. For this purpose
we sought an oxidation method that would not be hindered by the presence of strong o-donor heteroatoms and
could be carried out on a large scale without significant disposal problems. Oxidation of furan, thiophene, and
pyridine methanols with reagents based on chromium,’ manganes&a,3 other transition metals,* selenium,’
iodine,® and sulfur’ have been reported with varying degrees of success and convenience. Although chromium
reagents are typically quite successful, disposal problems and complications with strongly 6-donating
substrates limits their utility.

NHAc NHAc
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Ar OH *+ " —_— Ar—CHO + H (1)
w CHxCl, r;l 1
O ClO4 OH CIO4~
1 Ar = aromatic heterocycle

Oxidations with recently reported oxoammonium reagent 1.} first reported as the active species in
nitroxide mediated oxidations,” are generally carried out in under mild conditions, proceed in high yield, and
require minimal workup (eq 1). In addition, 1 can be regenerated after trivial isolation of the hydroxylamine
byproduct and subsequent treatment with bleach.®* An initial trial oxidation with 1 led us to the conclusion
that this may be a general method for the oxidation of primary heterocyclic aromatic alcohols to the corre-
sponding aldehydes.’

Our results of using 1 to oxidize a variety of furan, thiophene, and pyridine methanols are shown in
Table 1. Stirring substrate alcohol in a methylene chloride slurry of 1 and silica gel, which has been found to
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Table 1. Oxidation of heterocyclic aromatic primary alcohols to aldehydes (RCH;OH — RCHO) with 1.

entry R % Yieldb % Purity< entry R % Yield> % Purityc
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a All products gave rise to 'H NMR which were identical with those reported in the literature. ?Isolated yields. <GLC,

accelerate the reaction,™ resulted in a clean conversion to product aldehyde which was isolated in excellent
yield and purity by simple filtration and concentration.'® Further purification, only necessary in the case of
pyridyl alcohols (entries 5-9), merely consisted of passing the filtrate through a pad of silica gel before
concentration. Proximity of the heteroatom in the aromatic ring to the site of oxidation appeared to have little
effect on the course of the reaction (compare entries 1 and 2, 3 and 4, 5-7).

In conclusion, oxoammonium salt 1 has proven to be an effective reagent for the oxidation of aromatic
heterocyclic primary alcohols to the corresponding aldehydes in high yields. The further utility of this reagent
is currently under investigation.

Acknowledgment. We are grateful to the NSF (CTS-9632391 and DMR-9702123) and the Research
Corporation (Cottrell Scholar Award to DVM) for support of this work.

References and Notes

(1) Sweet, J.A.; Cavallari, J.M.; Price, W.A.; Ziller, J.W.; McGrath, D.V. Tetrahedron: Asym. 1997, 8, 207-211.

(2) (a) Cheng, Y.-S.; Liu, W.-L.; Chen, S. Synthesis 1980, 223. (b) Guziec, F.S.; Luzzio, F.A. Synthesis 1980, 691.
(c) Idem, J. Org. Chem. 1982, 47, 1787. (c) Martinez, Y.; de las Heras, M.A.; Vaquero, J.J.; Garcia-Navio, J.L.;
Alvarez-Builla, J. Tetrahedron Lett. 1995, 36, 8513. (d) Zhang, G.-S.; Shi, Q.-Z.; Chen, M.-F.; Cai, K. Synth.
Commun. 1997, 27, 953.

(3) (a) Firouzabadi, H.; Mottghinejad, E.; Seddighi, M. Synthesis 1989, 378. (b) McKillop, A.; Mills, L.S. Synth.
Commun. 1987, 17, 647. (c) Firouzabadi, H.; Sardarian, A.R.; Naderi, M.; Vessal, B. Tetrahedron 1984, 40, 5001.

(4) Ru: Cano-Yelo, H.; Deronzier, A. Tetrahedron Lett. 1984, 25, 5517. Mo: Campestrini, S.; Di Furia, F.; Modena,
G. J. Org. Chem. 1990, 55, 3658. Zr: Krohn, K.; Vinke, 1.; Adam, H. J. Org. Chem. 1996, 61, 1467. Fe:
Firouzabadi, H.; Mohajer, D.; Entezari-Moghaddam, M. Synth. Commun. 1986, 16, 723; Delaude, L.; Laszlo, P. J.
Org. Chem. 1996, 61, 6360.

(5) (a) Syper, L.; Mlochowski, J. Synthesis 1984, 747. (b) Ogura, F.; Otsubo, T.; Ariyoshi, K.; Yamaguchi, H. Chem.
Lett. 1983, 1833.

(6) (a) Stickley, S.H.; Martin, J.C. Tetrahedron Lett. 1995, 36,9117. (b)Frigerio, M.; Santagostino, M. Tetrahedron
Lett. 1994, 35, 8019.

(7) Takano, S.; Inomata, K.; Tomita, S.; Yanase, M.; Samizu, K.; Ogasawara, K. Tetrahedron Lett. 1988, 29, 6619.

(8) (a) Bobbitt, .M. J. Org. Chem. 1998, 63, 9367. (b) Ma, Z.; Bobbitt, JM. J. Org. Chem. 1991, 56, 6110.

(9) For a nitroxide mediated process see H.E. Fried, US Patent 5,336,811, 1994.

(10) Typical procedure: To a slurry of alcohol (10.3 mmol) and silica gel (1 g) in CH,Cl; (ca. 60 mL) was added 1 (11
mmol (1.07 equiv) per —CH,OH), and the resulting mixture was allowed to stir at room temperature for 2-12
hrs. After TLC (SiO,, EtOAc-hexanes) indicated consumption of starting alcohol, the reaction mixture was
filtered and concentrated under reduced pressure to provide the desired aldehyde. In the case of pyridyl alcohols
the residue was purified by passing through a plug of Si0, (CH,Cl, eluent).



