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Selective, mild and safe N-oxidation of N-heteroaromatic com- 
pounds and tertiary amines affording high product yields was 

achieved by  using the H202-urea/phthalic anhydride system. 

N-Heteroaromatic oxides (such as pyridine or quinoline N-oxi- 
des) show a different behavior as compared to the corresponding 
unoxidized parent heteroaromatics or related quaternary ammo- 
nium salts in the reactions with electrophiles, nucleophiles or rad- 
icals and display interesting orientations and reactivities in substi- 
tution reactions. Since the oxygen atom may be removed by re- 
duction or under the applied reaction conditions subsequent to the 
change in which its influence was exerted, the oxygen may be re- 
garded as a temporary addition to the molecule, guiding reactions 
such as substitution or displacement"]. 

The synthetic importance of aromatic N-oxides is reflected by a 
number of methods for their preparation. Most of these methods 
are based on direct N-oxidations with peracids, both applied as 
reagents [i.e. monoperphthalic[21, mono per ma lei^[^^, perben~oic[~] 
and the most popular rn-chloroperbenzoic (MCPBA)" acid] and 
prepared in situ from 30-90% H202 and aceticL6] or trifluoro- 
acetic"] acid or their anhydrides['X9]. 

The peracid reagents suffer from being relatively unstable and 
potentially explosive, and hence these compounds (including 
MCPBA) are now being replaced by the more stable and safe mag- 
nesium monoperphthalate (MMPP). However, MMPP is 5 times 
more expensive than MCPBA and the N-oxidation is carried out 
in acetic acid at 85 "C['O1. On the other hand, the most common N- 
oxidation, which consists in heating of the substrate with H202 in 
acetic or trifluoroacetic acid, has the drawback of being accom- 
panied by side reactions, such as the oxidation of substituents["] 
or fused benzene rings["], nucleophilic substitution with a hydroxyl 
group['31 or hydrolysis of functional groups['41. Moreover, the iso- 
lation the of products requires removal of the excess of the acid by 
distillation, which can result in a dangerous build-up of peroxides. 
Thus, the search for mild, safe and selective reagents for N-oxidation 
has been and still is the subject of active investigation. The new 
reagents, recently described in the literature, include 30% H202 with 
NaHC03 in a benzonitrile-methanol mixture at room tempera- 
ture[15], sodium perborate in acetic acid['@ and H202 in the presence 
of phosphotungstic acid["]. 

We report here on the high effectiveness of the readily accessible 
H202/urea adduct (UHP)['*]/phthalic anhydride system, which 
makes this safe and inexpensive reagent superior to other ones for 
the N-oxidation of N-heteroaromatics and tertiary amines. These 
compounds are smoothly converted to the corresponding N-oxides 
by stirring at room temperature a mixture of UHP, phthalic an- 
hydride and the substrate in a chlorinated hydrocarbon (e.g. 

CH2C12), an alcohol (e.g. methanol) or in acetonitrile which, in some 
cases, appears to be the most suitable solvent (cf. Table 2, entries 
6, 9, 11). The best results are obtained when 3.3-4.5 molar equiv- 
alents of UHP and 1.1 - 1.5 molar equivalents of phthalic anhydride 
are used. The products are easily isolated by alkalization with aque- 
ous K2CO3 and subsequent extraction with chloroform or dichlor- 
methane. On the other hand, if phthalic anhydride is replaced by 
acetic, benzoic or maleic anhydride, the yield of the reaction product 
is markedly lower (cf. Table 1, entries 1 - 3). However, when 30% 
H202 instead of UHP or the acid instead of the corresponding 
anhydride are used, no reaction occurs (cf. Table 1, entries 5 and 
6). 

The N-oxidation reported here does not affect most other func- 
tional groups, such as alkyl, halogen, alkoxycarbonyl, acetyl, car- 
bamoyl, hydroximinomethyl, alkoxyl and acetamidoyl as well as a 
fused benzene ring. However, a partial hydrolysis of the cyano 
group and oxidation of the amino group are observed. 

In conclusion, the simplicity, selectivity, efficiency, safeness, and 
mildness of the reaction in connection with the low cost of reagents 
and easy isolation of products render the present method a pref- 
erable alternative to existing procedures for the conversion of N- 
heteroaromatics and tertiary amines to their N-oxides. 

Experimental 
General Procedure: UHP (2.1 g, i.e. the equivalent of 11 mmol of 

H202) and the corresponding anhydride (11 mmol) in the respective 

Table 1. N-Oxidation of 4-tert-butylpyridine with the different 
reagent systems 

4-tert-butylpyridine A 4-tert-butylpyridineN-oxide 

Time Yield@] 
Chl Cgl ("/.I Reagent system Solvent En- 

try["] 

1 acetic anhydride/UHP CH2C12 24 1.00 (66) 
2 benzoic anhydride/UHP CH2Clz 1 0.76 (50) 
3 maleic anhydride/UHP CH2C12 1 0.91 (60) 
4 phthalic anhydride/UHP CH2Cl2 1 1.40 (93) 

6 benzoic acid/UHP CH2Cl2 24 - (0) 
7 phthalic anhydride/UHP CH30H 2 1.42 (94) 

5 phthalic anhydride/30% Hz02 CH2C12 24 - (0) 

In all cases 10 mmol (1.35 g) of starting material is used. - 
Ibl Yields of isolated products. 
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Table 2. Oxidation of N-heteroaromatics and tertiary amines with 
the UHP/phthalic anhydride system 

:" UHP/phthalicanhvdnde * ,N+O \ 

Solvent Time Yield['' 
m.p. PC] Ihl Cgl (Yo) 

Entry SubstrateLa." 

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 
21 

22 

2-picoline 

2,2'-bipyridyli0 

4,4'-bipyrid~I'~ 

quinoline 

phenazineiO 

phenazineLfl 
furo[3,2-b: 4,5-b']- 
bipyridine","I 
2-chloropyridine 

2-chloropyridine 
3,5-dibromopyri- 
dine 
3,5-dibromopyri- 
dine 
ethyl isonicotinate 

methyl nicotinate 

nicotinamide 

Cacetylpyridine 

2-methoxypyridine 

3-acetamidopyri- 
dine 
picolinaldehyde 
oxime 
4-cyanopyridine 
3-aminopyridine 
N,N-diethylaniline 

triethylamine 

N-oxide 

di-N-oxide 
above 300 
di-N-oxide 
above 300 
N-oxide hydrate 
60 - 62 
di-N-oxide 
204 (dec.) 
di-N-oxide 
di-N-oxide 
219 - 222 
N-oxide 

N-oxide 
N-oxide 
143 - 144 
N-oxide 

- 

59 - 60 

N-oxide 

N-oxide 

N-oxide[@ 
287 - 288 
N-oxide 
134-136 
N-oxide 

68 - 70 

97 - 98 

N-oxide 
215-216 
N-oxide 

N-oxideIh1 
230-235 

N-oxide 

N-oxide 
above 40 

CH2Cl2 1 

CHzC12 24 

CHzClz 24 

CHQ2 2 

CH2C12 24 

CH,CN 24 
CH~CII 12 

CHZC12 24 

CHpCN 3 
CH2C12 24 

CHICN 2 

CHiCl2 4 

CHzClz 4 

CH2Clz 3 

CHzC12 4 

CH2C12 24 

CHzClz 2 

CH2C12 6 

CHZCI~ 4 
CH2C12 2 
CH2Clz 1 

CHZCIZ 1 

1.04 (95) 

0.92 (98) 

0.75 (80) 

1.40 (86) 

0.30 (28) 

0.85 (80) 
0.80 (79) 

0.15 (12) 

1.19 (92) 
1.04 (41) 

2.43 (96) 

1.50 (90) 

1.50 (98) 

1.10 (80) 

1.30 (95) 

0.60 (48) 

1.15 (76) 

1.00 (72) 

0.25 (21) 

1.62 (98) 

0.98 (84) 

- 

Commercial material unless otherwise specified. - Ib1 10 mmol 
unless otherwise specified. - ['I Purified by crystallization or col- 
umn chromatography (entries 1, 5, 6 and 16). - Id] Confirmed by 
comparison of TLC, m.p. and IR with those of authentic samples 
or literature data. - [el Yields of isolated products. - [ f ~  5 mmol. 
- [gl Isolated by filtration. - Ih1 Isonicotinamide N-oxide is also 
formed. 

solvent (25 ml) are stirred at room temperature for 15 min. Then 
the substrate (10 mmol if 1 nitrogen atom is present in the molecule 
or 5 mmol if 2 nitrogen atoms are present) is added and the mixture 

is stirred at room temperature until the starting material is con- 
sumed (TLC control). The mixture is neutralized with saturated 
aqueous K2C03 and extracted continuously with CHC13. The ex- 
tract is dried, the solvent evaporated and the residue purified. 

The results are listed in Tables 1 and 2. 
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CAS Registry Numbers 

2-picoline: 109-06-8 / 2,T-bipyridyl: 366-18-7 / 4,4'-bipyridyl: 553- 
26-4 1 quinoline: 91-22-5 / phenazine: 92-82-0 / furo[3,2-b:4,5- 
b'lbipyridine: 101 303-29-1 / 2-chloropyridine: 109-09-1 / 3,5-dibro- 
mopyridine: 625-92-3 / ethyl isonicotinate: 1570-45-2 / methyl ni- 
cotinate: 93-60-7 / nicotinamide: 98-92-0 / 4-acetylpyridine: 1122- 
54-9 / 2-methoxypyridine: 1628-89-3 / 3-acetamidopyridine: 5867- 
45-8 / picolinaldehyde oxime: 873-69-8 / 4-cyanopyridine: 100- 
48-1 / 3-aminopyridine: 462-08-8 / N,N-diethylaniline: 91-66-7 1 
triethylamine: 121-44-8 / 2-picoline N-oxide: 931-19-1 / 2,2'-bipy- 
ridyl di-N-oxide: 2935-74-2 / 4,4'-bipyridyl di-N-oxide: 24573-15-7 / 
quinoline N-oxide: 1613-37-2 / phenazine di-N-oxide: 303-83-3 1 
furo[3,2-b: 4,5-b']bipyridine di-N-oxide: 141271-94-5 / 2-chloropy- 
ridine N-oxide: 2402-95-1 / 3,5-dibromopyridine N-oxide: 2402- 
99-5 / ethyl isonicotinate N-oxide: 14906-37-7 / methyl nicotinate 
N-oxide: 15905-18-7 / nicotinamide N-oxide: 1986-81-8 / 4-acetyl- 
pyridine N-oxide : 2402-96-2 / 2-methoxypyridine N-oxide: 20773- 
98-2 / 3-acetamidopyridine N-oxide: 15010-23-8 / picolinaldehyde 
oxime N-oxide: 698-21-5 / 4-cyanopyridine N-oxide: 14906-59-3 / 
N,N-diethylaniline N-oxide: 826-42-6 / triethylamine N-oxide: 
2687-45-8 / 4-tert-butylpyridine N-oxide: 3978-81-2 f 4-tert-butyl- 
pyridine N-oxide: 23569-17-7 / urea hydrogen peroxide: 124-43-6 / 
phthalic anhydride: 85-44-9 / hydrogen peroxide: 7722-84-1 / urea: 
57-13-6 / acetic anhydride: 108-24-7 f benzoic anhydride: 93-97-0 / 
maleic anhydride: 108-31-6 
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