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Transannular Photocycloaddition in 2,5-(trans-4-Octeno)hydroquinones. Striking

Difference in Reactivity due to Relative Orientation of the Two Reacting Functions

Masaru MIYAKE, Takashi TSUJI,* and Shinya NISHIDA
Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060

2,5-(trans-4-Octeno) hydroquinones with pseudo-gauche (B)
configuration undergo transannular photocycloaddition with ease
ultimately to give diketones whereas those with pseudo-eclipse (A)
configuration are much less reactive. The difference in the

reactivity may be interpreted in terms of frontier MO control.

Despite extensive studies on the photocycloaddition reactions of aromatic
systems with olefins,T) to the best of our knowledge, this type of photoreaction
involving hydroquinone is not known. In this letter we report that 2,5-(trans-4-
octeno) hydroquinones (1)2) undergo transannular photocycloaddition and that their
reactivities critically depend on both the electronic property of the double bond
in the bridge and its orientation with respect to the hydroquinone ring. Thus, ]}
with the pseudo-gauche (B) configuration underwent efficient transannular photo-
cycloaddition ultimately to give 4, while ] with the pseudo-eclipse (A) configura-
tion were much less reactive. The present results reveal a potential, if not
essential, photochemical reactivity of hydroquinone toward alkenes and also provide
information concerning the mechanistic aspect of photocycloaddition of arenes with
alkenes.

Irradiation of a methanolic solution of the unsubstituted derivative (]a) with
a high pressure mercury lamp through Pyrex led to the rapid consumption of J]a and
the formation of a single major product, 4a (71% yield).3) Photolysis of Ja in
ether also provided 4g in a somewhat better yield (92%). The structural assignment
for the product was made on the basis of spectroscopic property. Notable features
in its spectra are an AX quartet (J =17 Hz) in the TH-NMR, two carboggl stretching

bands in the IR, and an m/z = 81 fragment as the base peak in the MS, which are

all consistent with the structure of 43. Close correspondence in the spectral
characteristics between 4a and 3 which we previously obtaineds) was particularly
informative for the characterization of 4a. The educt (la) is a mixture of
principally two conformers, ]a(A) and 1ga(B), which rapidly interconvert at ambient

)

temperature and the equilibrium is displaced in favor of L@,(A).5 The structure of
4a indicates that the photochemical transformation of ]a selectively took place in
the less populated conformer J]a(B), which in turn suggests that the (B) conformer

6)

should be substantially more photoreactive than the (A) conformer. This was
confirmed by examining the reactivity of the isomeric pairs (A) and (B) of substi-

tuted derivatives, ]k and ]¢, respectively. These isomers are separable from each
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other since the substituents on the olefinic carbons sterically inhibit the inter-
conversion.?) Thus, irradiation of 1p(B) and 1g(B) in methanol afforded 4b (~100%)
and 4¢ (79%),7) respectively, with the efficiency comparable to that of the
production of 4a. In contrast, the isomers with the (A) configuration, namely

1L (A) and ]g(A), were photochemically much less reactive. More than ten times
longer irradiation time was required for their consumption under the same photoly-
sis conditions and the reaction was found to be much less clean. The only products
isolated from the photolysates were 4b (18%) and 4¢ (14%), respectively, and the
residue was a complex mixture of many minor components and resinous material. No
characterizable product which would be derived from }(A) was obtained. 1In contrast
to 1a-1¢, both dicyano derivatives, ]4(A) and ]d(B), were relatively photochemi-
cally inert and prolonged irradiation of their metﬁanolic solutions only led to

the production of intractable complex mixtures.

The formation of 4 from ] would proceed via the transannular cycloaddition of
the double bond in the bridge to the C-2 and C-6 of the hydroquinone ring and sub-
sequent hydrogen migration-ketonization in the resultant 2(B) as depicted in Scheme
1. Ring-closure to 3 might precede the formation of 5.1) What is striking is the
effect of relative stereochemical arrangement of the two reacting moieties in ], on
the photochemical reactivity. Top views of the presumed orientations of the double
bond in the bridge with respect to the hydroquinone ring in ) (A) and 1,(B) are shown
in Fig. 1.8) Apparently the photocycloaddition of the double bond to the C-1 and
C-5 of the hydroquinone in ](A) to give 2(A) is much less efficient than the
reaction in ] (B) to give 2(B). It should be noted that these processes would be
irreversible.g) Therefore, a possibility that efficient reversion of 2(A) to the
precursor might deprive ] (A) of apparent photochemical reactivity may be ruled out.
A theoretical model for cycloadditions of excited aromatics to alkenes has been
presented by Houk on the basis of frontier molecular orbital (FMO) method.10)
Although general applicability of this model to rationalization of regio- and
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Fig. 1. Presumed configurations of ](A) and ] (B), and FMOs of 2,5-dimethylhydro-
guinone (HMO).

stereo-selectivities in those reactions has recently been questioned,11) the

present results seem to be best explained in terms of FMO control. The shapes of
FMOs of hydroquinone (Fig. 1) unequivocally indicate that bonding 'HOMO'-HOMO and

' LUMO ' -LUMO interactions12) between the excited hydroquinone and the olefinic
double bond would develop in the (B) configuration along the reaction co-ordinate
leading to 2(B), whereas the FMO interactions in the (A) configuration would remain
ineffective unless the molecule was severely distorted. The poor FMO interactions
in the excited ) (A) would presumably be responsible for the diminished photo-
chemical reactivity.13)

The relatively low photochemical reactivity of the dicyano derivatives might
arise from the efficient intramolecular electron transfer (ET) followed by the
energy-wasting back ET in their electronically excited states. In fact, differing
from the other derivatives, these compounds exhibit pronounced intramolecular
charge transfer bands in 330-400 nm region in their electronic spectra.z) The
formation of 4p and 4¢, from ]b(A) and 1g¢(A), respectively, would most probably
result from the preceding isomerization of these (A) isomers to the corresponding
(B) isomers. The mechanism of the isomerization, however, is an open question.
Stepwise isomerization initiated by an impurity or reversible transannular bond
formation (Scheme 2) should yield the isomer with the cis double bond. However,
the corresponding cis isomer was not detected during the irradiation of ]. Rapid,
reverse cis to trans isomerization might make the detection of the cis isomers

difficult.
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