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Hydroxypyrylium Photochemistry. A New Intermediate

By JouN A. BARLTROP,* A. CoLIN DAY, and CHRISTOPHER J. SAMUEL
(The Dyson Pervins Labovatory, Oxford University, South Parks Road, Oxford OX1 3QY)

Summary The photochemical conversion of 4-hydroxy-
3,5-dimethylpyrylium cation into the 2-hydroxy-3,6-di-
methyl isomer in sulphuric acid is shown to involve
a cyclic sulphate as an intermediate.

IN the preceding communication,! we have shown that the
primary process leading from the excited state of the
4-pyrone (1) is 2,6-bonding to form an oxyallyl zwitterion
(2) which can react further, either in an intramolecular
manner to give the 2-pyrone (3) or with a nucleophilic
solvent to a cvclopentenone derivative (4).

By analogy, in sulphuric acid, where pyrones are pro-
tonated, one might expect light-induced 2,6-bonding to give
a hydroxyallyl cation (protonated 2) which could undergo
nucleophilic attack, leading to a 4,5-dioxygenated cyclo-
pentenone derivative.

We report here that such species are produced, and are,
in fact, hitherto unsuspected intermediates in the photo-
chemical conversion of 4-hydroxy- into 2-hydroxy-pyrylium
cations.?:* Thus, we have recently reported? that irradiation
of 3,56-dimethyl-4-pyrone (1) in sulphuric acid gave 3,6-di-
methyl-2-pyrone (3) and show here that, under modified
conditions, it is possible to isolate the cyclic sulphate (5)
in 439 yield.

Irradiation of a stirred 0-3m solutiont of the pyrone (1)
in sulphuric acid followed by injection of the acid solution
through a fine needle into stirred saturated aqueous
NaHCO,, ether extraction, and preparative layer chromato-
graphy on silica gel afforded (5) as a colourless crystalline
compound, m.p. 73—74 °C.

Elemental and mass spectrometric analysis showed (5)
to be a formal adduct of the starting material and sulphur
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+ Stirring was necessary to prevent secondary photolysis of (X) before it could diffuse away from the walls of the vessel.



824

trioxide. Hydrogenation over palladium on barium sul-
phate gave 2,5-dimethylcyclopentanone as a mixture of
isomers identical with an authentic mixture of isomers
synthesised independently,? thus establishing the carbon
skeleton. The i.r. (1744 and 1641 cm™!) and u.v. [223 nm
(e 8440) and 339 nm (42-3)] spectra implied a conjugated
cyclopentenone, and the n.m.r. spectrum (see Table) con-
firms (5) as the only possible structure.

Irradiation of a solution of the 4-pyrone (1) in sulphuric
acid in a quartz n.m.r. tube showed, in addition to a de-
crease in the signals due to (6) and an increase in those
due to (7), the appearance of other signals identical with
those of a solution of (5) in sulphuric acid. These last
signals increased initially, and then, either (a) on further
irradiation or (b) on standing in the dark at room tempera-
ture, decreased with corresponding increases in the signals
due to (7) with a half-life for the dark reaction of 45 h.
Similarly, irradiation of a solution of (1) in sulphuric acid
(ca. 107?M) in a u.v. ccll showed successive shifts in the

hv kv or heat
absorption maxima: 252 — 232 ~—————— 304 nm. Thus
the cyclic sulphate is established as an intermediate, and
as a thermal and photochemical precursor to the 2-hydroxy-
pyrylium cation (7).

TaBLe. N.m.r. data for the cyclic sulphate (5).
Solvent Ta T e Ta Jao  Jac  Jve
CDClg? 269 457 803 828 26 1-5 23
H,SO,b 2-35 429 799 820 27 -3 09

a Relative to Me,Si = 7 10. P Relative to CH,Cl, = 7 4-74.
‘What then is the structure (X) of (5) in sulphuric acid?
The similarity of the n.m.r. coupling pattern in deuterio-
chloroform and sulphuric acid (see Table) implies that the
4,5-dioxygenated cyclopentenone structure is preserved,
while downfield shifts suggest protonation. The proton
cannot be on the carbonyl oxygen since O-protonation of
a-unsaturated ketones shifts the u.v. absorption maximum
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about 50 nm to the red,’ and it is thus presumably on one
of the sulphate oxygen atoms, possibly with opening of the
sulphate ring to form a species such as (9).

By analogy with the processes in neutral solution,
formation of (5) is most simply rationalised in terms of
light-induced 2,6-bonding leading to a hydroxyallyl cation
(8) which is trapped as the cyclic sulphate as outlined in
the Scheme.

Although there is as yet no evidence concerning the
mechanisms for the conversion of the cyclic sulphate into
the 2-pyrone, it would be reasonable to invoke intermediates
such as (10) or (11).
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Transient signals have also been observed when irradiation
of other systems has been monitored by u.v. or n.m.r.
spectroscopy. Thus 3,5-dimethyl-4-pyrone in fluorosul-
phonic acid shows transient n.m.r. signals at 7+ 1-80, 4:15,
7-81, and 8-06 which decay with a half-life of ca. 1 h. These
data are consistent with structure (12). 2,5-Dimethyl-
4-pyrone in sulphuric acid shows n.m.r. signals at 7 3-08,
4-29, 7-38, and 8-23 and u.v. absorption at ca. 240 nm which
decay with a half-life of ca. 3 h. These data are consistent
with a structure related to (13). 2,6-Dimethyl-4-pyrone in
sulphuric acid shows transient u.v. absorption at ca. 240 nm
which decays within 1 h. In none of these cases, however,
has the species responsible yet proved isolable. Nonethe-
less, these observations do suggest the generality of the
sort of process described in the Scheme.
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