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Abstract: Oxidation of pyridines with bis(trimethylsilylperoxide in the presence of
catalytic amounts of inorganic rhenium derivatives gives high yields of their
analytically pure N-oxides by simple work-ups, typically a filtration or a Kugelrohr
distillation. © 1998 Elsevier Science Ltd. All rights reserved.

We wish to report on a simple and efficient method for the N-oxidation of pyridine
catalyzed by various inorganic rhenium derivatives using bis(trimethylsilyl)peroxide (BTSP)
as the stoichiometric oxidant.2

We reported recently that pyridines are oxidized in high yields to their N-oxides by 30%
aqueous HgO2 in the presence of catalytic amounts of methyltrioxorhenium (MTO).! This
This procedure was developed out of an earlier study on ligand effects on the MTO-catalyzed
epoxidation of alkenes, where we observed that pyridines were oxidized to their
corresponding N-oxides, but only near the end of the époxidation as the olefin concentration
approaches zero.3 Having just found that MTO can be replaced in the epoxidation process by
cheaper and more readily available inorganic rhenium catalysts, provided aqueous H20s is
replaced by BTSP (its "anhydrous” equivalent),4 we decided to investigate the effectiveness of
this new system for the oxidation of pyridines.l,5 Oxidation of methyl isonicotinate by BTSP in
the presence of MTO or various inorganic rhenium derivatives such ReOgs, Re207, and
HOReO3 gave high yields of its N-oxide (95-98 % isolated yields) while ReCl3 and NaOReOj3
gave only trace amounts of oxidation products even after several days.

Scheme 1
N 0.5 mol % "Re=0" (\l
) 1.5 equiv. Me3SiO0SiMe -
O = . 3 N 70-98% yield
N 1-2 M in CHoClp 0-

"Re=0" : MTO, ReOj, Re,0;, and HOReO,

Since trace water is crucial to turnover frequencies in the epoxidation of alkenes with
BTSP, its effect on the rate of this pyridine oxidation was examined.6 The presence of 3A
molecular sieves slowed down the reaction especially in the case of ReOg, but did not stop it in
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contrast to the related epoxidation.4.6 However, using an excessive amount of water was also
detrimental to catalysis in the present system. We found that the optimal water content was
between trace amounts (if any) to 15 mol %, higher contents leading to lower conversions.

The commercial 65-70% solution of perrhenic acid in water was found to be a convenient
source of both Re and water,7 and the following procedure is recommended for all substrates
unless otherwise noted (vide infra and Table): a mixture of methyl isonicotinate (2.74 g, 20
mmol), and perrhenic acid (17 pl, 25 mg, 0.1 mmol) in CH3Cls (3.0 mL) was treated with 6.0
mL of bis(trimethylsilyl)peroxide (30 mmel) and stirred for 6 h at 24 °C (water bath). The
reaction mixture was diluted with hexanes (4 mL), cooled to 0 °C, and filtered. The resulting
solid was washed with cold hexanes (2x4ml) and dried in vacuo to give 3.00 g (98%) of an
analytically pure N-oxide.

The simplicity of the procedure, i.e. isolation by filtration, and the importance of N-
oxides as synthetic intermediates led us to investigate the scope of this process.8 Both electron
poor or electron rich pyridines give high yields of their N-oxides (see Table), and the reaction
works well under high concentration (2 M) for those N-oxides which crystallized out.
However, in the case of 3-picoline (Entry 8), which formed an N-oxide that did not precipitate,
it was necessary to work under more dilute conditions to avoid phase separation and hence
lower conversion.? In this case, evaporation of the reaction mixture followed by bulb-to-bulb
distillation afforded 3-picoline-N-oxide in a 98% yield. In general, para or meta substituents
do not significantly affect the reaction course while ortho ones show peculiar characteristics
depending on their nature. For example, oxidation of methyl picolinate induced slow
decomposition of BTSP into Og resulting in low conversion (Entry 3) while 2-cyanopyridine
gave its N-oxide in a 92% yield (Entry 6). Also, 2-picoline showed poor conversion
independently of the amount of perrhenic acid catalyst used (0.5 to 5 mol %). In fact, it is
worth noting that increasing the amount of perrhenic acid, which is a 65-70% solution in
water, increases the amount water as well, which has been shown to be detrimental to
catalysis (vide supra). Therefore switching from aqueous perrhenic acid to solid ReO3 (1
mol%) allowed isolation of 2-picoline-N-oxide in a 93% yield after bulb-to-bulb distillation.
These results are in sharp contrast with our previously reported system where all ortho
substituted pyridines required at least 5 mol % catalyst, i. e. MTQ, to reach full conversion.!
Finally, more electron deficient pyridines also gave high yields of their N-oxides (Entry 12-
16).

Overall, this method allows for the preparation of a wide range of N-oxides with a
simple work-up, typically a filtration or a distillation. These reactions are run very
concentrated (1-2 M in CH2Cl2) and use inexpensive inorganic rhenium derivatives in
combination with a safe and environmentally benign oxidizing agent, i. e. BTSP.2 This study
has further confirmed that water is responsible for deactivation of the inorganic Re species
in the oxidation catalysis, which most of the time prevents the use of aqueous H202.10
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Table. Perrhenic Acid-Catalyzed Oxidation of Pyridines with Bis(trimethylsilyl

ntry Pyridine amount HOReO3 HoClg time yield
(mmol) (uL) (mL) (mL) (h) (%)
02M9
1 A P 17 4 6 6 98¢
N
CO,Me
2 oy 10 85 2 3 17 87
N
® 1d
3 fN)\cone 10 85 2 3 17 11
N
4 (% 2 17 4 6 6 9
N/
CN
5 (Nj 2 7 4 6 6 %
R
6 LA e 10 85 2 3 15
7 A 10 85 2 3 9 8
N/
N Me
8 L 17 10 6 8 98e
N
9 @Ma f 10 6 A 93e
h
10 (Y\j 10 85 5 3 17 91
N
1 L 2 17 0 6 17 90¢
R
12 L A N 10 85 4 6 I} 708
| 2
Cl Cl
13 \('j 7 3 6 2
Br B
| .
14 p 10 85 5 3 %
|
15 C'\(%/C' 2 17 10 6 24 75h
N/
16 (lj/“% 10 85 2 3 20 %
N

@ Reaction conditions are given in the table, isolated yield after filtration unless otherwise noted. ¢ 65-70%
solution in water, amount shown corresponds to 0.5 mol%. € The reaction carried out with 0.1 mol% catalyst
gave a 98% yield after 40 h. € by NMR. € Yield after bulb to bulb distillation. f 1 mol % of ReO3 was used. £
Yield of di-N-oxide, no epoxide was detected in the crude reaction mixture. Evaporation of the filtrate
followed by crystallization from a CH2Clo/hexanes mixture provided an extra 15% yield of this N-oxide
bringing the yield to 90%.
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