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Abstract —— New conversion of indoles to quinolines via the N,-C

1
fission using singlet oxygen reaction was investigated starting

2

from indole-3-acetic acids and indole-3-acetaldehydes. Dye-induced
photo-oxidation of indole-3-acetaldehyde derivatives (17 and i8)
followed by treatments with dimethyl sulfide and then acetic acid
produced 4-formyl- and 4-acetylquinolines {12 and 20), respectively.

Some quinoline alkaloids are known to be biosynthesized from indole alkaloids.
Namely camptothecin is derived through the fission of C2-C3 bond cof indole alka-
loidsl [type (a) fission}, while the cleavage of the Nl-C2 bond [(type (b) fission]
leads gquinine alkaloids.2 suggestion of the important role of molecular oxygen in
the above oxidative cleavage had promoted extensive studies of the reaction of
indeles, including tryptophan, with molecular oxygen.B'4 Thus quinoline derivatives
were prepared from indoles by the type (a) fission using oxygen molecule.4 Recently
we synthesized (Z)-camptothecin (4} via the photo-oxygenation of the indole deriva-
tive (1), followed by the basic treatment of the resulting keto-amide (2) to the
gquinclone (%).5 On the other hand the formation cof guinelines through the type (b)
fission with molecular oxygen has not been reported.6 Intending a duplication of
the hypothesis in the bicgenesis of quininez, we examined photo-oxygenation of
indole-3-acetic acid and indole-3-acetaldehyde derivatives.
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When N-benzylindole-3-acetic acid (3), mp 152 - 153°¢C (lit-? mp 148°C), prepared in
98 % vield by the reaction of indole-3-acetic acid8 with benzyl bromide in the pre-

sence of two equivalent of sodium hydride in dimethylformamide, was irradiated at
0°C for 3 h with 200 W halogen lamp in the presence of 1 mM Rose Bengal in methanol
under oxygen atmosphere, a formation of single product was observed on tlc anaylsis.
The product, which was assumed to be the tricyclic hydroperoxide (J; R = H), was
treated, without isolation, with dimethyl sulfide for 2 h to give the hydroxy-lact-
one (@)9 in 96.2 % yield from p after purification using silica gel column chromato-
graphy. Similarly,N-benzyl-2-methylindole-3-acetic acid (B, mp 174 -~ 176°C, pre-
pared from 2-methylindole-3-acetic acid10 was converted into the corresponding
lactone (2)11, mp 157 = 158°C, in gquantitative yield.

Reaction of the lactone (8) with a mixture of 10 % hydrochloriec acid and methanol
(1 : 1 v/v) at room temperature for 10 h produced in 68.3 % yield the ester (%Q)lz
whose UV spectrum (MeCH), Amax nm () 249 (9,338) and 286 (2,886), indicated the
2-oxindcle structurel3. This compound would ke formed by methanclysis of § and
dehydration. On the other hand, the same treatment of § for 12 h afforded the
methy ethexr (%%)14 in 71.3 % yield, which would be gained by methanolysis, dehydra-
tion and a successive SNZ' type reaction. Reaction of 3 with 10 % methanolic
potassium hydroxide at room temperature for 12 h caused the hydrolysis of the
lactone and successive rearrangement4 giving the carboxylic acid (%%) in 96.7 %
yield. The UV spectrum (MeOH) of the correspcnding methyl ester (%%)16 derived
from 12 , Amax nm {(¢) 23;3(21,443), 258 {6,495) and 400 (3,090), cleanly suggested
the 3-oxindele structure. All attempts for the conversion of the tricyclic

lactones (Q and g) to quincline derivatives resulted in failure.
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The photo-oxidation was then tested on indole-3-acetaldehydes (14, 14 and k@), which
were obtained from the corresponding acids by reduction with diiscbutylaluminum
hydride at - 78°C in 90.8, 75.0 and 83.9 % yield, respectively. On the dye-induced
photo-oxidation followed by the reacticn with diemthyl sulfide, N-benzyl-2-methyl-
indole-3-acetaldehyde (14} furnished the separable 1 : 1 mixture of two epimers
(1517 ana (16)'® in 81.5 % yield. Acidic treatment of the lactols (}5 and 1) gave
intractable polar products. Finally the desired transformaticn of indele deriva-
tives to guinolines by the N
tuted aldehydes (17 and 1§).
The aldehydes (17 and 18} were subjected to the photo-oxygenation for 3 h followed
by treatment with dimethyl sulfide for 2 h. After evaporation of the solvent and

17Cy fission was achieved starting from the N-unsubsti-

reagents, the crude products were reacted, respectively, with a mixture of acetic
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acid - tetrahydrofuran-water (3 : 2 : 2 v/v) at room temperature for 10 h. 4-
Formylquinoline (l9) and 4-acetylguinoline (20} were obtained in 16.3 % and 62.6 %
yield, respectively. The latter product (%Q) was characterized as picrate, mp

165 — 170°C (decomp.) [lit.>® mp 165 - 170°C (decomp.) ] .
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Application of the above biomimetic conversion to the synthesis of gquinine alkaloids
is the next subiect.
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