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Abstract - An improved procedure for the preparation of aromatic
heterocyclic N-oxides is described. Nitrogen containing heterocyclic
compounds gave their N-oxides in excellent yields by the reaction of m-CPBA
in DMF/MeOH in the presence of HF in a short time under mild reaction

conditions. The presence of HF and MeOH is crucial for the reaction,

N-Oxidations of nitrogen containing heterocycles have received much attention due to the usefulness of the
N-oxides as synthetic intermediates and their biological importanccs.1 Heterocyclic N-oxides are also useful
as protecting groups,” auxiliary agents,” oxidants," ligands in metal coxrnplf:xf:s,4 and catalysts. '+ N-Oxidations
have been generally achieved by various oxidizing agents including peracetic acid,” m-chloroperbenzoic acid
(m-CPBA),‘S magnesium moneperphthalate (MMPP),” hydrogen pf:roxide,g or dioxiranes.” Most of the
oxidants could be used sucessfully in the N-oxidation reactions, however, some kinds of heterccyclic
compounds such as less substituted pyrimidine derivatives gave generally poor yields of N-oxides
accompanied with some side products.10

Recently, we have reported several interesting results of oxidations by m-CPBA/HCI/DMF system."" For the
further development of our oxidation methods, we examined the N-oxidation of cytidine by m-CPBA/HF/DMF
system. We presumed that the use of HF could activate m-CPBA and at the same time protect the amino
group in cytidine in situ., since HF can not be oxidized by m-CPBA to generate F* as in the case of HCL!

However, we observed that the reaction did not show much improvement in yield as compared with that of
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the reported.'” Remarkably, however, addition of some methanol to the reaction mixture resulted in 90 %
yield of cytidine N-oxide in a short time. Thus, we examined the N-oxidations of some heterocyclic
compounds with m-CPBA in DMF/MeOH in the presence of HF and found that the novel reaction conditions
afforded their N-oxides in excellent yields. In general, to a solution of various heterocyclic compounds in
DMF/MeOH were added HF (1.1-2.5 equiv} and m-CPBA (2.0-2.5 equiv) in one portion, followed by stirring
the reaction mixture until the reaction completed. All of the N-oxides except two nucleoside N-oxides (7
and 8) were easily purified by column chromatography on silica gel. For the purifications of 7 and 8, the
crude products were dissolved in MeOH/H,0 (9/1) and triturated into ethyl acetate. The products were
identified by the coincidences of their physical and spectroscopic data with those of the reported. The
representative results are summarized in Table 1. The presence of HF (48% aqueous solution, 1.1-2.5 equiv)
and MeOH was crucial to complete the N-oxidation reactions of various aromatic heterocyclic compounds.
As shown in Table 1, 4-aminopyrimidine and 2-aminopyrimidine gave the corresponding N-oxides in high
yields. 4-Chloro-2,6-diaminopyrimidine 1-oxide (3} is an important intermediate for the synthesis of
Minoxidil'® which is a valuable antihypertensive agent and used in the treatment of alopecia. For the
preparation of Minoxidil, the N-oxidation of 4-chloro-2,6-diaminopyrimidine is a decisive step and a number
of reports on the N-oxidation were reported,l9 in which various oxidants such as MMPP or dioxirane have
been used for the N-oxidation and afforded 3 in poor yields even in the vigorous reaction conditions. In
contrast to the reported methods, our N-oxidation methodology afforded the intermediate (3) in high yield
(88%). 2-Aminopyrazine, 3,5-lutidine, and nicotinic acid gave their N-oxides in excellent yields in a short
time at room temperature. But, for the preparation of the N-oxides of cytidine and adenosine, somewhat
longer reaction time and/or warming was required to complete the reaction.

Although the critical roles of HF and MeOH in the above N-oxidation reaction are uncertain, our method can
be recommended over other N-oxidation procedures of various heterocyclic compounds owing to its high

yields, short reaction time under mild reaction conditions.

EXPERIMENTAL

Melting points were measured with a Thomas-Hoover melting point apparatus and are uncorrected. "H Nmr



Table 1. N-Oxidations of Heterocyclic Compounds by Using m-CPBA in DMF/MeOH in the presence of HF.
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spectra were recorded on a Varian Gemini-200 nmr Spectrometer with TMS as an internal standard, Mass
spectra were recorded on a Shimadzu QP 1000 Spectrometer. Chromatographic separations were performed
using 230-400 mesh Kieselgel 60 (E. Merck).

4-Aminopyrimidine 1-oxide (1). To a stirred solution of 4-aminopyrimidine (0.20 g, 2.1 mmol) in
DMF/MeOH (15 ml/5 ml) was added HF (48%, 0.1 ml, 2.5 mmol) and m-CPBA (85%, 0.90 g, 4.4 mmol).
The reaction mixture was stirred for 30 min at 25 °C and poured slowly into cold water (100 m!) with stirring.
The precipitated solids were filtered off. The filtrates were concentrated by evaporation. The oily residue
was purified by column chromatography on silica gel (CH,Ci,/MeOH/NH,OH, 8/2/0.1) to afford the product
(1) as a white solid (0.23 g, 98%); mp 198-201 °C (lit.,” 196-197°C).

2-Aminopyrimidine I-oxide (2). 2-Aminopyrimidine (0.25 g, 2.6 mmol), HF (0.2 ml, 5.0 mmol), and
m-CPBA (1.36 g, 6.7 mmol) in DMF/MeOH (15 ml/5 ml) were treated according to the same procedure‘as
above. The crude product was purified by column chromatography on silica gel (CH,C1,/MeOH/NH OH,
8/2/0.1) to afford the product (2) as a white solid (0.26 g, 90%); mp 180-183 °C (lit.,"* 185-187°C).
4-Chloro-2,6-diaminopyrimidine 1-oxide (3). 4-Chloro-2,6-diaminopyrimidine (0.5 g, 3.46 mmol), HF (0.2
ml, 5.0 mmol), and m-CPBA (1.49 g, 7.34 mmol) in DMF/MeOH (15 ml/5 ml) were treated according to the
same procedure as above. The'viscous brown residue was purified by column chromatography on silica gel
(CH,C1/MeQH/NH,OH, 8/2/0.1) to afford the product (3) as a white solid (0.49 g, 88 %); mp 185 °C((
decomp.) (lit.,”* 185 °C (decomp.)).

2-Aminopyrazine 1-oxide (4). 2-Aminopyrazine (0.2 g, 2.1 mmol), HF (0.1 ml, 2.5 mmol} , and m-CPBA
(0.9 g, 4.4 mmol) in DMF/MeOH (30 ml/10 ml) were treated according to the same procedure as above. The
oily residue was purified by column chromatography on silica gel (CH,Cl/M¢OH/NH,OH, 8/2/0.1) to
afford the product (4) as a brown solid (0.23 g, 99%); mp 170-174 °C (lit.,"* 178-180°C).

3,5-Lutidine 1-oxide (5). 3,5-Lutidine (0.5 g, 4.67 mmol) , HF (0.2 ml, 5.0 mmol), and m-CPBA (2.0 g, 9.8
mmol) in DMF/MeOH (60 ml/20 m!) were treated according to the same proceaure as above. The oily residue
was purified by column chromatography on silica gel (CH,C1,/MeOH, 10/1) to afford the product (5) as a
white solid (0.49 g, 85%); mp 97-99 °C (lit.,* 101-102 °C).

Nicotinic acid N-oxide (6). Nicotinic acid (0.35 g, 2,84 mmol), HF (0.2 ml, 5.0 mmol), and m-CPBA (1.15
g, 5.68 mmol) in DMF/Me¢OH (60 ml/20 ml) were treated according to the same procedure as above. The
oily residuc was purified by column chromatography on silica gel (CH,Cl/MeOH, 10/1) to afford the
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product (6) as a white solid (0.34 g, 87%);, mp 260 °C (decomp.) (lit.,'’ 254-255 °C).

Cytidine 3-oxide (7). A mixture of cytidine (0.48 g, 2.0 mmot) in DMF/MeOH (20 ml/5 ml) was heated at
50 °C until becoming a clear solution. HF (0.1 ml, 2.5 mmol} and m-CPBA (1.0 g, 4.9 mmol) were added and
the reaction mixture was stirred for 30 min, and the cooled reaction mixture poured slowly into water {100
mi) with stirring, The solid materials were filtered off. The filtrates were concentrated by evaporation in
vacuo. The residue was dissolved in MeOH/H,0 (9/1, 7 ml) and then triturated into ethyl acetate (200 ml) to
precipitate the product. After filtration and drying the product (7) was obtained as a light brown powder (0.47
g, 90%); mp 160 °C (lit.,”* > 220 °C).

Adenosine 3-oxide (8). Adenosine (0.27 g, | mmol} was dissolved in DMF/MeOH (50 ml/10 ml) at an
ambient temperature. HF (0.1 ml, 2.5 mmol) and m-CPBA (0.43 g, 2.1 mmol) were added and stirred for 16
h at room temperature. The reaction mixture was poured slowly into ice-water (300 ml) with stirring. The
precipitated solids were filtered off and the filtrates were concentrated by evaporation in vacuo. The residue
was dissolved in MeOH/H,0 (9/1, 10 ml) and then triturated into ethyl acetate (150 ml) to precipitate the
product. After filtration and drying the product (8) was obtained as a light brown powder (0.27 g, 95%); mp
158 °C (lit.,"® 155 °C (decomp.)).
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