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THE NOVEL PHOTOCHEMICAL 1,4-ADDITION OF AZADIENOL ESTERS TO CYCLO-OCTA-1,3-DIENE.
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Summary: The unprecedented photocycloaddition of azadienol esters to cyclo-octa-

1,3-diene (COD) yields cis- and trans-isomers of 4-aryl-2,2,5-triphenyl-5-(4"'-
aroyl-cis~cyclo-oct-2'-enyl)-2,5~dihydro-oxazole derivatives. The cycloaddition
could arise by COD-trapping of an intermediate produced by intramolecular electron
transfer in the azadienol ester.

We recently reported1 the first example of a 1,2-benzoyl migration in an
enol ester system following the irradiative conversion of the azadienol esters (1)
into the 2,5-dihydro-oxazoles (2). This process falls into the general di-7-
methane framework2 and following the suggestion of Adam et al.3 our process is
defined as a 1,3-dioxa-di-m-methane rearrangement. These high yield reactions are
brought about by direct irradiation and we were interested in establishing the

excited state involved.

This problem was approached in the conventional way making use of quenching
by added diene such as cyclo-octa-1,3-diene (COD)A. The results from this were
surprising and are outlined below. The photo-behaviour of azadiene (la) was de-
pendant upon the concentration of COD. Thus at 0.6M COD the reaction was unaltered
from the photoreaction in the absence of COD and yielded the oxazole (2a, 77%)
and recovered starting material (la, 16%). At 2.7M COD a trace of oxazole (2a)
was detected but the main reaction path gave a 1:1 ratio of two new compounds in
a total yield of 54%. Starting material (la, 23%) was also recovered. At 3.6M COD
no oxazole was detected and the same new compounds were obtained. The irradiation
of azadienol ester (la) was also carried out in hex-l-ene but this yielded only

oxazole (2a) and starting material (la). Similar behaviour to that of (la) in COD
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was observed for the other azadienes (lb,c) at high concentrations of COD. The
new, colourless, crystalline compounds from all the azadienol esters (1) can be
separated readily by chromatography on silica gel. The normal spectroscopic data
(lH and 130 n.m.r., i.r., and mass spectra) were recorded and from these it was
clear that the pairs of compounds from each of the azadienes were isomeric 1:1
adducts of the azadienes and COD. The data for the adducts from azadienol ester
(1b) are given in details. In these data the 13C n.m.r. spectra of both adducts,
Isomer A and Isomer B, show recognisable absorptions for a 2,5-dihidro-oxazole
moiety1 as well as an aryl keto group. The 1H n.m.r. spectra had well resolved
absorptions for two vinyl hydrogens as well as two deshielded methine protons.
These data alone did not permit complete identification of the compounds and this
was solved for Isomer A by an X-ray diffraction study which showed it to be the
cis-1l:1-adduct (3b)6.
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On the basis of the interconvertibility7 of Isomer A and Isomer B together
with the lH and 130 n.m.r. spectra the structure of Isomer B is proposed as the
trans-l:1-adduct (4b). The adducts (3b) and (4b) can interconvert by epimerization
of C-1 in (3) and (4). The X-ray structure of (3b) indicates that the carbonyl
group on C-1 should shield the proton on the adjacent vinyl carbon (C-2) while
in the trans-isomer (4b) this shielding is absent. This change manifests itself
in the A values of the two vinyl proton resonances in the two isomers. Thus the
cis-isomer (3b) has A_ value of 0.6 ppm while the trans-isomer (4b) has aA6 value
of 0.2 ppm. Tﬁis evidence can be used to identify the isomeric adducts8 (3 and 4)

where there are similar differences in the line positions of the vinyl hydrogens.
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Two possible mechanisms were considered for the formation of the adducts
(3) and (4).

1. A Norrish Type I fission of the ester carbonyl group followed by radical
combination with the COD or

2., The interception by the COD of a radical-cation/radical-anion intermediate
formed on photoexcitation of the azadienol esters.

The Norrish Type I path can be discounted on the grounds that the irradiation
of the azadiene (la) in hex-l-ene fails to yield 1:1 adducts of the azadiene and
the alkene. We propose that irradiation of the azadienol esters in high concen-
trations of COD results in the formation of a complex9 between COD and the inter-
mediate (5) produced by an electron transferlo from the imine nitrogen to the
ester carbonyl function following photo-excitation. The intermediate (5) normally
rearrangesl to 2,5-dihidro-oxazole (2) in the absence of COD but in this case (5)
is trapped by the diene. While a concerted process is conceivable the formation
of both isomers (3) and (4) at the same time precludes this mechanism. Thus the

addition could follow the path illustrated below.
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The results described by us are novel and report for the first time the ad-
dition of azadienol esters (an enol ester) to a diene. Currently we are examining
the reactivity of the azadienol esters with other dienes and also with electron

rich alkenes in order to verify the mechanism and to establish the scope of this
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new addition reaction.
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Spectroscopic data Isomer A (3b): m.p. 220-222°C; vmax(KBr) 1680(C=0), 1630
(C=N); 1H n.m.r.(CDCla) § 1.2-2.0 (8H, m, CHZ)' 2,1-2.3 (1H, q, CH), 3.1-3.3
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zole), 110.5 (oxazo'e), 132.0-145.9 (aryl end vinyl), 169.5 (C=N), 199.5 (C=0).
Spectroscopic data Isomer B (4b): m.p. 112-114°C; vmax(KBr) 1690 (C=0), 1630
(C=N); 1H n.m.r.(CDClB) § 1.1-2.2 (8H, m, CHZ)' 3.9 (1H, dd4, CH), 5.7 (1H, dd,
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The isomers (3) and (4) are interconvertible on prolonged standing in solution.

The cis-isomer (3a) has a 8, value of 0.5 ppm while the trans-isomer (4a) has

§
a AG value of 0.1 ppm. Similarly the AG value for (3c) is 0.6 and the Aa value
for (4c) is 0.4 ppm.
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