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Abdnct-Mixing with quimolar solutions of pyridine N-oxide or its homologs and SbC13 in Ccl, deposited I : I 
complexes as colorless crystals in hi yield. On tkmolysis, these complexes underwent intramokcular oxygen 
transfer to give selectively the comsponding 2-py~idom derivatives. N.N-Dimethylanilinc N&de and SbCIJ also 
gave a crystalline I : I compkx which on thcrmolysis yield odimcthylaminophcnol in good yield. 

In the course of our studies on the Wallach rearrange- 
ment of axoxybenzenes, 1: I complexes between azoxy- 
benzencs and SbCI, were shown to undergo selective 
ortho-Wallach rearrangement on thermolysis to give 2- 
hydroxyaxobenxenes.” It was also shown that t-pyri- 
done is selectively formed by thermolysis of pyridine 
N-oxide-SbCI, complex.’ In view of the importance of 
the N-oxide of pyridines and other N-heteroaromatics in 
intraL9 and intermolecular oxygen transfer reaction,L’o 
the ShCI, complexes of substiMed pyridine N-oxides 
and several other N-oxide were prepared and their 
thermolysir was investigated. 

tMut.lS AND DlStlJmN 

Mixing with equimolar solution of pyridine N-oxide 1 
and SbC& in carbon tetrachloride immediately deposited a 
colorless crystalline complex in essentially quantitative 
yield. The complex has a sharp m.p., and its elemental 
analysis showed that is a I : I complex. Similar complexes 
were obtained from other Noxides in high yield. Table I 
lists their spectral data which show characteristic IR 
bandsaround 1600cm~‘andstrongUVmaxaround260nm. 
These complexes are assumed to have an ionic structure 
such as ‘2 by analogy with the ionic or highly polarized 
structure of acetyl halides with antimony pentachloride: 
RC,?r!SbC&- or RCO’.. .SbC&-, where X = F or 
Cl. . 

Thermolysis of the NoxidcSbC15 complexes in 
nitromethane or nitrobenzene was shown to give the 
corresponding 2-pyridone derivatives 3 selectively. The 
results summarized in Table 2 indicated that the yield of 
2-pyridones generally increases with reaction time, 
whereas in the case of SbCIJ complex of N.Ndimethyl- 
aniline Noxide the production of tarry materials in- 
creases with increased reaction time, probably due to 
thermal instability of the primary product under the 
reaction conditions. It is noteworthy that the complexes 
of 3-methylpyridine N-oxide and isoquinoline N-oxide 
gave 3-methyl-2-pyridone and I-isoquinoline respectively 

in a highly selective manner. In the case of rearrange- 
ment of 3methylpyridine, N-oxide, 3-methyl-tpyridone 
seems to be formed selectively because a resonance 
structure having O-” in N-O group and C’” on 2- 
position in pyridine ring take part strongly in this reac- 
tion. 

This reaction provides a more convenient method for 
synthesizing 2-pyridone derivatives than the previously 
reported methods involving multistep synthesis.““’ 
Several workers have reported reactions on those pyri- 
dine N-oxides with acetic anhydride leading to acetoxy 
pyridines which can be hydrolysed into 2-pyridones.s9 
However, the migration of the 0 atom does not always 
occur selectively: for example, 3-methylpyridine N-oxide 
gave rise to 3- and S-methyl-Zpyridones and Cmethyl- 
pyridine N-oxide gave Q(acetoxymethyl) pyridine and 
3-acetoxy4methylpyridine.’ A similar result has been 
reported for the reaction of N,Ndimethylaniline Noxide 
with acetic anhydride giving rise to odimethylamino- 
phenol but being accompanied with several by- 
products.” Although the mechanism of the selective 
O-transfer is obscure, the 2-pyridone formation appears 
to have some analogy to the reaction of pyridine N-oxide 
with acetic anhydride which also leads to an 0 transfer 
to the ring C atom. This has been suggested to occur via 
an ionic mechanisms.’ Additionally, the thermolysis of 
the pyridine N-oxide-!SbC15 complex was carried out in 
boiling benzene and toluene, in a hope of the occurrence 
of an intermolecular O-transfer to the solvent molecule. 
Under these conditions, no phenolic product originated 
from the solvents was detected-2-pyridone was the sole 
product. 

Furthermore, styrene added to the reaction system 
with’ the pyridine N-oxidbSbCb complex did not 
undergo polymerization. The results suggest that the 
2-pyridone formation occurs via an intramolecular ionic 
migration of the O-Sb group (Scheme 1) similar to the 
mechanism proposed for the 2-hydroxyazobenxene for- 
mation in the thermolysis of azoxybenzene-SbC15 com- 
p1exes.l 
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Table I. SbC15 complexes of pyridinc N-oxides 

PC”) 
Analysis, Found(Calcd.) t 

C H N 

I R UV 

-1 (cm 1 a;;;l3(c) _ 
3 

H 94.5 194 15.12(1S.223 1.27(1.24) S.SO(3.SS) 1615,1470,1200 259(14100) 

2-CH3 93.7 105 16.67(17.63) 1.78(1.71) S.SS(3.42) 1610,1260.1185, 260(9400) 
1170 

3-CH3 98.0 110 18.22(17.63) l.EO(1.71) 3.46(3.42) 1610.1490,1245, 260(11200) 
1100 

4-CH3 94.3 225-227 17.22(17.63) 1.90(1.71) 3.57(3.42) 1630,1270,1200 261(12400) 

4-NO2 99.0 252 13.56(14.20) 0.98(0.92) 5.40(5.92) 1600.1460,1040 241(8900) 
339(14600) 

95.0 219 24.55(25.30) 1.65(1.66) 2.98(3.30) 1615,1315,1270, 246(12500) 

0 1200 

85.0 196-197 23.68(25.30) 1.61(1.66) 2.63(3.30) 1620,990 

0 

255(16300) 
305(8900) 

90.3 112 19.95(21.91) Z.SO(2.52) 2.96(3.19) 2800,1600,1440, 274(11900) 
960 

Table 2. Thermal reaction of I : I complexes of pydim N-oxides with SKI, 

2 React ion conditions*) Reaction products 

SbC15 Time Temp. Yield Literature of 

Complexes (hr) (“C ) (0 previous works 

H 

t-CH3 

5.0 

5.0 

s.0 

10.0 

3-CH3 
2.0 

10.0 

4-CH3 6.0 

4-NO2 
3.0 

10.0 

3.0 

10.0 

5.0 

7.0 

l/3 

ref lux 

8.5.90b) 

reflux 

reflux 

180b) 29.8 

ref lux 81.0 

reflux 78.1 

ref lux 

ref lux 

75-80b) 

reflux 

reflux 

reflux 

reflux 71.4 (CH3)r’ Af OH l5 

81.1 

40.0 

44.1 

70.4 

60.0 

85.5 

30.0 

71.7 

89.0 

93.5 

0 I’ 5 
N % 
H 

CH,‘) 6 

13 

cl 3‘ l4 
N‘o 
H 

02 
9 

;I ’ 
I; 

NH 

1.0 ref lux 

a) Nitromethane (b.p lol,S’C) was used as the solvent unless otherwise 

stated. b) Nitrobenzene was enployed as the solvent. c) t-Hydroxy-5- 

methylpyridine was not detected. 
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Scheme 1. 

In the formation process of 2-pyridonc, elimination of 
one Cl atom on the O-!&Cl, group and rearrangement of 
SbCL group to 2-position of pyridine ring take place in 
the complex at almost same time. As a matter of fact, 
hydrogen chloride evolves violentry with procccdingly of 
the reaction. Finally, 2-pyridonc is formed by treatment 
of water from rearrangement product containing O- 
SbCcL Ilroup. 

ExmummAL 

Prepamtion of N-oxida. Pyridh and its homokgs were 
oxidized with HA in &OH.” The same method was used to 
urenare NWdimeth~kniJine Noxide’r 

Preparation of the- compkxes of pyridine Noxides with SbCI, 
(tabk 1): Colorless crystals were deposited immedktely from 
solos prqred by mixing 0.95 g (10 mmol) pyridine N-oxide and 
3.01 (IO mmol) SbCIr in cC14 (5 ml and IO ml respectively). The 
mixture was aBowed to stand for several hcurs and the deposited 
crystals were c&e&d by filtration. Tbe crystals were 
thoroughly washed with Ccl, and then with petrokum ether. The 
yield was 3.371 (94.5%). The complexes of pyridine Naxide 
homologs and that of N,Ndimethyknilii N-oxide were pre- 
pared by the same procedure. The m.p. of the complexes were 
mwuredinrseakdtube. 

_ . 

7Rermal reaction of the co&a of pytidinc N-oxide with 

SbCI’ (Tabk 2). Pyridine N~xide-SbCI~ compkx (I g; 3.4 mmol) 
in nitrometbane (IOml) wax heated at r&u temp for 5 hr in a 
llask equipped with a C&l2 tube and then the mixture was 
poured into water. A white ppt of &OS was filtered off and 
washed with water ami ether. Tire combined tUtrate was 
separated and the etheral layer was extracted with 3% NaOHaq. 
The aJkalii soln was acid&d with HCI and then extracted with 
ether. After the etheral extracts were dried, 2-pyridone was 
obtained by evaporation of ether. lbc yield was 163 m8 (81.5%). 
The complexes of pyridinc N-oxide homologs and N,N- 
dimethyknihne N-oxide were tteated by the same procedure to 
give the correspomting 2-pyridones. The authentic sampks of the 
products were prqmred by Sandmeyer reaction of Z-amino- 
pyridiis and used for identitiatbn. The authentic sample of 
odimethylaminophenol Noxidc with AcxO.‘~ 

77unnoiy~i.r of the cornpla of pyridi~ N-oxide with SbCI, in 
benzene ‘The pyridine N-oxMe-SbCls complex (05 g, 1.7 mmol) 
was heated at r&x temp in 2Oml benxene for 7hr and the 
mixture tbcn pod into water. No phenol was detected in both 
the aqueous and benxene layers by TLC, using the color producing 
reagent of phenols (3-methyl-2-benxo-thiaxolioe hydraxone 

hydrachloride). Phenolic products were not detected eitber in the 
reactioo of the complex with tolucoe. 

m nclction of the romp/a of pykSnr N-oxide with 

JtytvnL A mixture of the compkx (0.5 g; 1.7 mmol) and styrem 
(1 g: IOmmol) in nitromcthane (IOml) was warmed at 8(p for 
2 hr. The mixture was poured into water and the organic layer 
separated from water was drird and then divided into two 
portions. When excess MeOH was added to the one portion, no 
polystyrene was deposited. The red color of bromine (0.3~ 
2 mmol) added to tbs other portion dispppeared immediately. On 
the other hand, pyridioe N-oxide did not react with bromine in 
nitromethane on standing overnight. 
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