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Abstract —= Dye-sensitized photooxygenation of L-iryptophan in an alkaline phosphate
buffer followed by NaBH,, reduction afforded 3a,5~dihydroxypyrroloindole 5 which readily

L}
underwent air oxidation to give 5-hydroxy-N-formylkynurenine 6a.

We had earlier shown] that the dye-sensitized photooxygenation of tryptophan gave the hydroperoxide 2a as the
main preduct in the wide range of pH (2.7-8.9 ) and Nl-formylkynurenina was formed os the major product in
sodium carbonate-acetic acid solution.

We have now isclated and characterized a new reaction product, 5-hydroxy-Nl-fcm1y|kynurenineQa by further
examination of dye-sensitized photooxygenation of L-tryptophan in alkaline phosphate buffers, L=tryptophan 1
(500 mg ) was irradiofed2 for 1.5 h at 0-5°C in the presence of methylene blue { MB) { 1/50-1 /100 mol equiv )
under a stream of O2 in phosphate buffer (300 ml, pH 7.7 )3. The reaction mixture was then treated with MeZS
and left overnight followed by ion exchange column chromatography. Lyophilization of the elution with water
provided 5-hydroxy-N-formylkynurenine 6a, (a] ;)' ~41.3° (=1, Hy0), Amax (H,0) 234, 261sh, 347 nm
in 24% yield, together with 2b in 16% yield and a small amount of N'-formylkynurenine. The structure of ba was
further confirmed by its conversion into the acylated deri;fufive‘éb“, mp 141.5-142,5°C, [quI)? +15° (¢ =0.25,

EtOH ). The UV specirum of the reaction mixture showed a maximum at 269 nm ( in H,O ) reminiscent of a

2
typical quinoneimine chromophores, suggesting that the quinoneimine 4 would be an intermediate.

Accordingfy, when the reaction mixture wus reduced with NaBH, under N,, followed by immediate neutralization
with dil HC| and work-up, 30, 5-dihydroxypyrroloindole 5 was obtained in 95% yield as a mixture of cis and frans
isomers'c, almost colorless powder, mp 195-201°C ( dec. } ; Amax { HZO Y 238, 312nm ; Amox ( H20-OH_)
243, 326 nm and 6a was not isolated. However, in contrast to 2b, 5 was found to be very unstable under basic

conditions and suffered immediate aerial oxidation to 6a. Consequently, without isolating 5, treatment of the

NaBH, reduction mixture with oxygen for 2 h at room temperature improved the yield of éa up to 44% from ] .
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The similar oxygenation of Nl-formylkynurenine did not proceed and recovered unchanged, On the other hand, 2a
and 2b were converted to éa in 42% and 16% yields, respectively under the similar conditions, whereas in the
absence of MB 2a and 2b were not oxidized to $a.

Formation of 5 might be explained by the initial hydroperoxidation of para=-position of the primary product 2 by
dye-sensitized photooxygenation in alkaline phosphate buffer to give the quinoneimine 4 via 3 which was convert-
ed to 5 on treatment with NaBH, as shown in the Scheme. The mechanism of oxidation of 5 to 4 is not clear but
may well involve the initial oxidation of the phenolate anion of 5 since 5 is quite stable in neutral media.

Further support that the benzene ring oxidation can occur in the dye-sensitized photooxygenation was obtained by
the reaction of Nb-mefhoxycorbonylfrypfqmine in the similar condil'ion7 to give 3a,5-dihydroxy -1-methoxy -
carbony|pyrroloindole 7a which was identified as its %,S-diucetateZbS in 54% yield, However, |-methoxy-
carbony| derivative 7a is stable to air oxidation in alkaline phosphate buffer and was not converted to 5-hydroxy -
Nl-formylkynurenine derivative,

These results appeer to provide a new example of oxidation of aniline derivatives to quinoneimines by dye-

sensitized photooxygenation,
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