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Ultraviclet irradiation of pyridine-N-oxides in water leads
to the isomeric 2-formylpyrroles, Copper salts, and.espe-
cially copper sulfate and copper perchlorate, dramatically

increase the yields of the corresponding pyrrole aldehydes.

The photochemistry of heterocaromatic N-oxides has been studied
extensivelyz. For example pyridine-N-oxides 1 undergo photoin-
duced rearrangement to the isomeric 2-formylpyrroles 2, albeit
in low yield3, the main photoproduct heing an insoluble material
which has not been analysed4. Simultaneously photoinduced oxy-
gen ahstraction takes place and leads to the parent pyridiness.
Since the photolytic reaction is enhanced by triplet sensiti-
serss, it was thought that the use of triplet quenchers would

orient the photoreaction preferentially toward the ring con-

traction pathway.
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Piperylene proved to be inefficient. Therefore we turned our
attention to transition metal salt complexes in which the me-
tal is known to act as a triplet quencheré. UV dirradiation
was performed in water solution with a few pyridine-N-oxide
complexes7. As can be seen from Table 1 the copper nitrate
complex leads to a dramatic increase in 2-formylpyrrole forma-
tion8 whereas the paramagnetic ccobalt and nickel complexes, as

7

well as the diamagnetic zinc complex’, do not seem to have any

influence upon the photochemistry of the N-oxide ligand.
Table 1 Yield of 2-formylpyrrole cbtained from the UV

irradiation of wvarious pyridine-N-axide metal

complexes in water solution,

pyridine-N-oxide

. o
resdlotrangsition metal complexes yield of fOrleperOle

CSHSNO uncomplexed 2%
Co(CSHSNO)é (C104)2 2%
Ni(CSHSNo)6 (0104)2 2%
Zn(CSHSNO)Z 1, 2%
Cu(C5H5N0)2 (NOS)?“ 26%
X
X a) X =H e) X = CeHs

Z"S b) X = CH, £F) X = C1

c) X = 0CH, g) X =CN
3

+N N~ "CHO d) X = OCH,CgH,

—61 H 2
Furthermore it was found that UV irradiation of a copper salt

water solution of pyridine-N-oxide leads to the game type of

results; optimized experimental conditions require a copper/
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ligand ratioc of about 10, instead of only 0,5 for the copper
nitrate complex. The copper salt anions also have some influ-
ence upon the yield of 2-formylpyrrole formation, the best re-
sults being obtained with copper sulfate {42%)} and copper per-
chlorate {40%)}; copper acetate and copper nitrate give some-
what lower yields (30% and 29% respectively) whereas copper
chloride leads only to 20% yield of 2-formylpyrrole. In order
to simpflify matters, only 4-substituted pyridine-N-oxides are
described in this communication (Table 2). 2- and 3-Substi-

9

tuted pyridine-N-oxides lead to more complex results’.

Table 2 Yields of 2-formylpyrroles 2 obtained by UV
irradiation of the corresponding pyridine-N-
oxides 1 in the presence and in the absence

of copper sulfate in water solution,

2a 2h 2c 2d 2e 2f 2g

without CuSO4 2.0% |1.5% 1129 j4.5% }6.0% |1.6% |4.0%

with Cuso4 42% | 32% | 40% | 32% | 33% | 35% | 40%

In a typical experiment a solution of 4-methoxypyridine-N-

oxide 1lc (5.0g; 0,04 mole/1l) and coppeI’II sulfate (64g; 0.4
mole/1) in 2 1., distilled water'® is irradiated at room tempe-
rature through guartz glass in a classical immersion well photo-
reactor by means of two 125W mercury high pressure lamps, After
disappearance of the starting material, as monitored by UV
spectroscopy and by thin layer chromatography, the water solu-
tion is saturated with sodium chloride and extracted several
times with chloroform., The organic solutions are dried over

sodium sulfate and evaporated to dryness in vacuo. The remai-
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fiing solid material is sublimed and yields 2.0 g of 2-formyl-3-

methoxypyrrole 2c; m,p. 135-136° [UV (H,0) X
1

ax294 nm (e:

19,900); IR (CHCls) vV (N-H) 3470 and 3250 cm ~, V (C-H aldehyde)

1 v (c=0) 1640 cm™!; NMR 1H(CDC13) & ppm 10,6-12 (1H;

2840 em”
large band which disappears in the presence of D20), 5.80 (1H;
H-4; triplet which becomes a doublet in the presence of D,0;
J=2.7 Hz)}, 6.85 (H-5; quartet after treatment with D,0, J1=
2,6;3,=2,6), 3.75 (CH3, singlet) and 9.40 {1H; CHO; doublet;
J=1.0 Hz); 13c NMR (CDE1,): 4 ppm: 118.95 (C-2), 159.14 (C-3),
95.40 (C~4), 127.23 (C-5), 175.41 (CHO) and 57.97 (enp)'l. 1e
the reaction mixture, instead of being sublimed, is chromatogra-
phed over silica gel, one isolates in addition to pyrrole 2c,
4-methoxypyridine in 4% yield; in the absence of copper salt
this compound is isolated in 2% and the pyrrole 2¢ in 12% yield
only. The difference is even more pronounced with the unsubsti-
tuted pyridine-N-oxide la since pyridine is obtained in 11%
yield in the presence, versus only 2% in the absence of copper
salt.

The results obtained with various copper salt anions seem to
parallel those which have been found by Kochi during the photo-
induced oxidative cleavage of biacetyl leading to acetic acidlzz
copper sulfate .and copper perchlorate proved to be twice as
effective oxidizing agents when compared to copper chloride.
Since there is no change in the oxidation level during the
photoinduced rearrangement of pyridine-N-oxides toward the

corresponding 2-formylpyrroles, one would assume a reversible

electron transfer to occur from and to some unknown inter-
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mediates!3, As to the initial hypothesis of a triplet quen-
ching mechanism, it has to be ruled out, oxygen abstraction
having been increased in the presence of a copper salt instead
of being reduced or suppressed.

The copper salt effect, which we have observed during the pho-
tochemistry of pyridine-N-oxides, is of interest in preparative
organic chemistry since new and specifically substituted 2-for-
mylpyrroles are easily obtained, These pyrroles can be used

as synthons, for example in the syntheses of peculiar porphy-

rin molecules.
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The intermediate nitrene C could either isomerize to the

corresponding acrylonitrile or ring close to the pyrrole-
nine D, In our opinion the copper salt interacts with the
nitrene C by virtue of a reversible electron transfer.
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