
Irradiation of acenaphthylene (ACN) and p-chloranil with
> 420 nm light in 1,2-dichloroethane gives two interconvertible
anomeric naphthopyranylhemiacetals in high yields (> 70%),
whereas irradiation of ACN with other 1,4-benzoquinones does
not afford this type of products.  The above products will result
from photochemical formation of an oxetane followed by its
hydration.  These products are stereoselectively converted into
an identical naphthopyranylacetal in primary alcohols. 

In the series of study on photochemical reactions of ace-
naphthylene (ACN) with various electron acceptors,1,2 we now
wish to report that the irradiation of ACN and p-chloranil
(TCBQ) with >420 nm light3 in solution affords unique prod-
ucts, that is, two anomeric naphthopyranylhemiacetals which
are interconvertible like sugars and further converted into a
naphthopyranylacetal on treatment with primary alcohols,
whereas other benzoquinones such as unsubstituted, chloro-,
dichloro-, and tetramethyl-1,4-benzoquinone give ordinarily
expected products such as cyclobutanes and oxetanes.

When an equimolar (2.0 × 10–2 M) solution of ACN and
TCBQ in 1,2-dichloroethane (DCE) was irradiated with light of >
420 nm 4 for 24 h, 80% of ACN was disappeared (with quantum
yield of 0.11 ± 0.01 under irradiation of 435.8 nm light5) with
concurrent appearance of new components.  Chromatographic
isolation of the reaction mixture gave two major components 1
(33.2%) and 2 (39.0%) as colorless powder together with the iso-
meric dimers of ACN, cisoid- and transoid-3 (10.0% with the
cisoid/transoid ratio of 2.9), and two isomeric cyclobutane-type
adducts between ACN and TCBQ, cisoid- and transoid-4,
(9.1% in a ratio of 6.5) as minor products (Scheme 1).5

Reaction in acetonitrile gave essentially the same products,
however, with reducing yields of 1 (22.5%), 2 (33.8%), and 4
(5.2%) instead of increasing yield of 3 (23.2% with the
cisoid/transoid ratio of 4.5).  

The major products (1 and 2) were shown to be two iso-
meric naphthopyranylhemiacetals based on elemental analysis
and spectral properties.  X-ray crystallography of a single crys-
tal composed by 2 and ethanol as a crystallization solvent in a
1:1 ratio showed that the hydroxy group and the aryl group of
the naphthopyran ring of 2 are suited in trans configuration
(Figure 1).6 Accordingly, the configuration of these two groups
in 1 was necessarily assigned to cis.  

When 1 or 2 was independently treated with 30% aqueous
acetonitrile at 50 °C, both of them were anomerized to give a
mixture of 1 and 2 with an equilibrium ratio of 2.8 certainly by
the way of aldehyde form (6 in Scheme 2) as in anomerization
of sugars.  This interconversion was accelerated in the presence

of 10–3 M of hydrochloric acid.  
Mechanism for production of 1 and 2 is at present not

entirely clear.  A rational pathway leading to 1 and 2 is photo-
chemical formation of oxetane (5) from ACN and TCBQ and
its subsequent hydration by eventually present water leading to
8-(arylhydroxymethyl)-1-naphthylaldehyde (6) as depicted in
Scheme 2.  Facile cleavage of photochemically or thermally
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labile oxetanes produced on irradiation of styrene and 1,4-ben-
zoquinone gives dihydrobenzofuran.7

Furthermore, on treatment with primary alcohols such as
methanol and ethanol but not with tert-butyl alcohol, both 1 and
2 were quantitatively converted into an identical naphthopy-
ranylacetal (7) carrying with trans configuration between the
alkoxy group and the aryl group on the naphthopyran ring
(Scheme 2).8 The structure of 7a (R = CH3) was unambiguously
established by X-ray crystallography of a single crystal com-
posed by 7a and dichloromethane as a crystallization solvent in
a ratio of 1:1.9

In conclusion, direct excitation of ACN and TCBQ with >
420 nm light in solution gives two anomeric naphthopyranyl-
hemiacetals between ACN and TCBQ. These hemiacetals
facilely anomerize each other like sugars in aqueous solutions,
and both of these are converted solely into an identical naph-
thopyranylacetal in primary alcohol. To the best of our knowl-
edge, formation of products with naphthopyran skeleton is the
first finding in photochemical reactions of benzoquinones with
unsaturated compounds, which are known to give cyclobutanes,
oxetanes or ethers.10,11
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