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Abstract - Irradiation of 3-methoxyisocoumarin ( )  in an alcohol 

afforded two kinds of diester of homophthalic acid (3 and 4) and 
the mechanism including novel 1.5-sigmatropic methoxy rearrangement 

from initially formed ketene (2) to the isomeric ketene (6) was 
proposed. Similar photochemical ring opening reaction of 3-chloro- 

and -bromo-1-isoquinolones (3 and 9)  as well as their novel photo- 
alkoxylation reaction is also described. 

a-Pyrones upon irradiation are known to glve a variety of ring-opened products 

the initially formed ene-ketenes as intermediates.' Very recently, similar phato- 

2 
chemical ring opening was also observed in some pyrimidones and 2-pyridones. 

3 

While there is no example of such ring opening reaction for their higher benzenold 

homologs (e.9.. isocoumarins and 1-isoquinolonesl, all of these reactions are In- 
terpreted by the trappzng of the ketene species initially formed by their photo- 

chemical ring opening. 

Here, we report that irradiation of 3-methoxyisocoumarin (2) in an alcohol gave 
two kinds of diester of homophthalic acid (3 and 4) + the alcohol addition ei- 
ther to the initially formed ketene (51 or to the isomeric ketene (I?) formed by 
an unprecedented 1,5-sigmatroplc shlft of the methoxy group iil the former ketene 

( 2 ) .  At the same time, w e  also report similar ring opening reaction of 3-halo-l- 

lsoquinolone (8 or21 as well as novel photo-substitution reaction of its 3-halo- 

gen atom by the alkoxy group by the irradiation in an alcohol containing triethyl- 

amine, both of them belng unprecedented for 1-isoquinolone derivatives. 

irradiation4 of 3-methoxyisocoumarin5 (1) in methanol gave dimethyl homophthalate 
(2)  in nearly quantitative yield. By analogy to the photochemical ring opening 



reaction of a-pyrones to ketenes,' a mechanism inyolvinq an initial formation of 

the ketene (5) followed by the addition of methanol to its ketene function seems 
to be an attractive one. However, inadequacy of this mechanism is suggested by 

the following experiments. Thus, if ethanol was used as a solvent, two kinds of 

the homophthalates (s  and 4aI were obtained as an inseparable mixture (93.5%) in 
ca. 1:2 ratlo, in which only the minor product (5) was consistent with the above - 

mechanism (cf. path 5 in Chart 11. The structures of these two products were de- 

duced from nmr spectrum (CCl41 of the mixture in which COOMe signals differed 

markedly each other ( 6  of 5: 3.54 and 6 of $: 3.76). When irradiation was per- 

formed in aqueous ether, the corresponding two half esters (3b and 4b in =. 
1:2 ratio1 were obtained, in which the major product ( P _ h )  again dld not fit to the 

mechanism. The two half esters were separated by repeated silica gel column chro- 

matography and each isomer was identified with authentic samples6 p, mp 98-99.5 
"C; 6 (CDC131 of Me: 3.65 and Lb, mp 146-148-C; 6 ICDCl3) of Me: 3.811. 
In order to account for the formation of these two isomeric homophthalates (3- and 

41, we propose the mechanism shown in Chart 1. Thus, the inltlally formed ketene - 
(5-Z) from 1 reacts with the solvent (ROH) to give the ester (3-1 (path 5). This 

path competes with 1.5-sigmatropic methoxy shift in 5-2 to give the other ester 

(4) a the isomeric ketene (5 (path b ) .  Such rearrangement has not heen observ- 
ed for ketenes derived from a-pyrones and this fact suggests that the gain of a 

benzenold system is a crucial factor in the rearrangement (z+g). 
ment also suggests that the reverse process ($+21 may not occur. 

coumarln7 (7) also gave 2 (7381 by irradiation in methanol. 

hv path 5 
1 - -  

A -Wie A I ' 0  = ROH - - 3 
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The same argu- 

3-Chloroiso- 

Chart 1 
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Similar photochemical ring opening reaction has also been found to occur, if 3- 

halo-1-isoquinolone (8 or2) 2 s  irradiated in an alcohol containing triethylamine 

(TEA) . Thus, irradiation of 3-chloro-1-isoquinolone8 (5) in methanol containing 
5% volume of TEA afforded three products (12a. 1 2 ,  and 2 )  in the respective 

yields of 74, 8, and 2.5%. The structure of the former two products were deter- 

mined as 3-methouy-1-isoqulnolone (lOa: mp 206-207'C) and methyl 1-(cyanomethyl)- 

benzoate 112: mp 46.5-47.5-C) by direct comparison with authentic samples. 9 

Though no direct evidence is available, the mechanism shown in Chart 2 involving 

simllar rlng opening of% seems to be reasonable to account for the formation of 

these two products. The structure of 1 2  Imp 211-213'C) was determmed as l-iso- 

gulnolone by mixed melting point determination with an authentic sample.1•‹ irra- 

diatlon o f 2  in 5% TEA-ethanol also gave lLb, e, and 2 in the respective 
yields of 71, 11, and 6%, whose ratio was almost the same with that obtained in 

the TEA-methanol. 3-~romo-1-isoquinolone8 1;2) also gave the same products (10a b, A 
l A b ,  and 2 )  by irradiation in methanol or ethanol containing 5% volume of TEA, 

though in these cases the relative amounts of increased appreciably as compar- 

ed with those obtained from $ (22% of 13 in the TEA-methanol and 288 in the TEA- 

ethanol). Ry irradiation in these alcohols in the absence of TEA, only very slow 

decomposition of 8 o r 2  to give tarry materials is observed. This fact indicates 

that an ene-ketene (13) suffers decomposition as such but may revert mostly to 

the orlginal isoquinolone, in the absence of efficient ketene trappers (e.q., an 



alkoxlde ion). I-Isoquinolone (121 may be derived from an abstraction of hydro- 

gen atom from triethylamine, & a solvent-caged radical pair (141 formed by homo- 

lytic fission of the C-X bond in these 3-halo-1-isoquinolones. Increased amounts 

of 5_2 in the products obtained from %than from 9 fit well to the above explana- 

nation, because C-Br bond is much weaker than C-C1 bond. 

The present results showed not only novel aspects of photochemical rinq opening 

in 3-alkoxyisocoumarin, but also the same photochemical opening is also possible 

for 3-halocoumarin and -1-isoquinolone. Furthermore, the present finding strongly 

suggests that the photoarylation of 3-chloro-1-isoquinolone derivatives recently 

found by us1' may proceed more readily if these are replaced by 3-bromo-1-iso- 

quinolones. The study along this line as well as complete elucidation of complex 

photochemical reactions of 3-halo-1-isoquinolones is in progress. 
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