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Ad&ion Redion 

Abstract: Photolysm of o-methykrauphenone or o-methylbenzophenone with 5-isobutyli&nei.3~oxane-4,6- 

~onapm~d novel &&as, bon&g between the @a&n of the acyldts md the o-methyl cptmn of the avmaric 

kctomx 

The intramolecular hydrogen abstraction of o-alkyl-substituted aromatic carbonyl compounda by W 
irrdation has been extensively iuvestigated. 1~2 The transient (E)-photoenols undergo Dick-Alder ma&ion with 
some dienophiles. rbJ@ In a preceding papeq3 we reported that the photoenol of o-methylbenzaldehyde (1) 
reacted with 5-alkyliden4+l,3-dioxane4,6-dione derivatives 2, effective unsymmetrical dienophiles, leading 
stereo- and regioselectively to the spire- and polyspiroqclic compounds 3, with 1,2,3,4-tetmhydro-1-naphthol 
sttyctures (Scheme I). 

1 2 3 
Scheme 1 

We wish to communicate here the results obtained by photolyses of o-methylacetophenone (4) and o- 
methylbenzophenone (5) with 5-isobutylidene-i,3-dio~e-4,6-dione derivatives 2a-c. 
An equimolar solution (0.02 mol dm-3) of 4 and 2a-c in acetonitriie (400 cm3) was irmdiaA at mom 
temperature under an argon atmosphere using a 100-W high-pressure mercury lamp with a Pyrex jacket. The 
reaction was monitored by the disappearance of 4 or 2a-c on TLC. After evaporation of the solvent, the 
photoproducts were isolated by silica gel column chromatography using acetone-hexane (5:95, vh) as the eluent 
The major photoproducts 6, 7, and 8, were obtained in 4756, 62%, and 67% yields, respectively, which are 
bonding between the -bon of 2a-c and the methyl carbon of 4 (Scheme 2), and were not the expected 
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[4x+2r]cycloadducts. In addition, 1-hydroxy-l-methyl-4H-2,3-benzodioxine,4 a peroxide formed by the 
cycloaddition of the photoenol of 4 with oxygen, was obtained as a minor photoproduct (-5%). The peroxide 
was not formed when a compkte~ &gassed solutioh was irradiated. 

4: R=CH3 2a: Rr=Rz=CH3 6: R=Rr=Rz=CH3 

5: R=Ph 2b: RI-R*=-(CH& 7: R=CH3, R’-R*=-(CH&- 
2c : RI-R2=-(CH&- 8: R=CHa RI-R2=-(CH&- 

9: R=Ph, R*=R*=CHs 
10 : R=Ph, RI-R2=-(CH2)4- 
11: R=Ph, R’-R+CH&- 

Scheme 2 

Similarly, the photolyses of o-mcthy]benzophenohe (5) with 2a-c gave the corresponding adducts 9, 10, 
and 11, were produced in 36%, 2156, and 24% yields, respectively, although an appreciable amount of 
polymeric material was formed. Furthermore, 5-isobutyl-l,3-dioxane-4,6-diones,5 the reduction compounds of 
2a-c were obtained as by-products in lo-12% yields. 

The structure of these adducts was elucidated by mesns of NMR and other spcdroscopic measuremerk6 
The NMR and IR spectra of the adducts 6-l 1, show the presence of ace@ or benzoyl group with no hydtoxyl 
group. In the lH NMR spectra, the a-tnethine protons of 6-l 1 act as Btonsted acid which appeared as a doublet 
with J= 1.4-2.3 Hz at 5 3.5-3.7 ppm in CDCl3, and during the measurement after adding C@OD, an 
incorporation of deuterium into the a-methine group was detected. On the other hand, each ortho methylenic 
proton of 6-11 was observed at different magnetic fields and the coupling constants between the ottho 
methyk& protons have a J= 12.7-13.8 Hz. 
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Since it is geawtally tecognizd that the smallet the energy gap between the HOMO of the diene and the 
LUMO of the dienophile, the more easily the Diels-Alder reaction pmceeds,’ we performed a MO calculations8 
fot 2s and photoenols 13 aad 14, of 3 and 4. For the purpose of the comparison with the energy levels of 13 
and 14, the photoerrol of o-methylbenmklehyde (l), (Q-a-hydroxy-o-qui (15), ws also 
calculated. The HOMO levels of 13, 14, and 15 were obtained as -8.046, -7.981, and -7.812 eV, tespectively, 
while the LUMO level of 2a was mlcufate4i as -1.034 eV. Consequently, the energy gaps between 13-15 and 
2a ate similat. Since the Diels-Alder reaction of the en01 15, with 2a pmeeeded3 and the life-times of 13 and 
14 in cycbhexane have 4.3 sn and 10 s,2j tespedively, the tea&ion pathway is considered as follows. The 
[4z+2~]cycloadduck 12, ptoduced by the Diels-AIdet readion of the enols 13 and 14, undetgo the 1,2- 
cleavage with ptoton transfer due to the stetic hindrance between the spirocychc acylate at the 2-position and the 
phenyl ot methyl and hydtoxyl groups at the l-position on the 1,2,3,4-tettahydto-l-naphthol system to afford 
the adducts 6-11 (Scheme 3) . 

It has been repotted that the hetetocycloadducts, which were detived by the cycloadd&n of the photoenol 
of the o-alkyl-substiiuted atomatie carbonyl compounds with 0xygenQ ot sulfur dioxide,l” undergo cleavage 
between the hetero atoms ot between the he&o atom and carbon atom. However, thete is no known example of 
the 1,2_cIeavage in the 1,2,3,4-t&ahydro-1-naphthol ring produced by the Die&-Alder teaction with 
dienophiks. 
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