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Since the early 1950s, when the first reports on methylene blue sensitized photo- 

1 
oxygenation of tryptophan appeared , this field of study has been developed as a tool for 

the elucidation of the active site in enzymes, and as o model reaction for the dioxygenase 

catalyzed reaction of tryptophan to f ~ r m ~ l k ~ n u r e n i n e ~ ' ~ .  There is, however, considerable 

variation in the earlier results and the structuml assignments of the photoproducts rest mainly 

on UV spectrum, paper chromatography, and /or  electrophoresis. Moreover, dye-sensitized 

oxygenation of tryptophan derivatives in an organic solvent has not been investigated. 

Prior to our preliminary publication of this work, the only detailed study of the photosensi- 

tized oxygermtion of tryptophan in non-aqueous solvent had been that of Scoffone and 

coworker?, who showed that proflavine-sensitized photooxygenation of tryptophan deri- 

vatives in an acidic solvent results in high yields of the corresponding kynurenine derivatives. 
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In there investigations, very l i t t le attention has been given for the reaction mechanism and 

the reaction was presumed to proceed via the dioxetane intermediate 3 derived from the 

2 3  hydroperoxyindolenine 2, by analogy with the outoxidation of 2,3-disubstituted indoles . 
However, there appears to be no unambiguous evidence for the intermediacy of 2 and 3. 

5 
More recently Hamilton proposed a new pathway involving addition of water to 2 followed 

by Baeyer-Villiger type rearrangement for the enzyme catalyzed oxidotion of tryptophan to 

6 J  f~rmylk~nurenine in place of the well accepted dioxetane pathway . 

HCHO 
4 

3 

7 H H  6 

Considering the reactivity of the indolenine 2, there may be another reoction path in 

which the ethylamino side chain participates, leading to the formation of 3a-hydroperoxy- 

pyrroloindole 7. The isolation of 7 would provide not only on evidence for the intermedi- 

acy of 2 in dye-sensitized oxidation of 1 but also a suggestion of the biosynthesis of 30-hyd- 

roxypyrroloindole ring system found in rporidermins, brevianamide E, and hunterocine chlo- 

ride. In this paper we present our results on the isolation, the nature, and the reactivity 

of the init ial ly formed hydroperoxide intermediates in dye-sensitized oxygenation of the 

tryptopans and tryptamines. 
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b 
Rose bengal sensitized photooxygenation of N -methyltryptamine l a  in benzene-MeOH 

at room temperature gave the unexpected compound 12 as the maior product together with 

13,whereas in MeOH at 0% followed by rapid work-up, gave 30-hydroperoxypyrroloindole 

I l a  which was converted to 12 on standing in organic solvents8'? The formylkynurenine 

type compound I 4  which has been widely known as the normal product of photooxygenation 

of tryptophan and indole2, however, was not isolated from la. On the other hand, pho- 

b 
tooxygenation of N -acyltryptamines and -tryptophans war found to give the hydroperoxides 

11(b-'L)'~. Methylotion of 11b with CH2N2 gave 17, mp 91-91.5" 'I. When treated 

b 
with silica gel in CH2CI2, Il(b-e) rearranged to formylkynurenine type 14(b-e) and N - 
formylkynurenine type 15(b-e) compounds, accompnied with 13(b-e). The transformation 

i-b +++ 
of l l b  to 13b, 14b, and 15b was catalyzed by heat, light, and metal ions (Fe , Fe ), 

whereos the reaction of l l b  with Ac 0-pyridine gave only 1% and i t s  acetylated deriva- 
2 

tive 12. The mechanistic aspects of these transformations are intriguing, although not yet 

clearly defined. An intramolecular process of 11 leading t o a  common intermediate 19 

could conceivably occur from which 14 and 15 could be formed. An alternate explana- 

tion f w  the rearrangement of 11 to 14 via crucial cyclization of 10 formed by the reversed 

ring opening of 11 to 16 could not be excluded. When 130 and methyl thioglycolate in 

CH CI was stirred for 24 hr in the presence of SiO at room temperature,l8 has, in fact, 
2 2 2 

11 
been isolated i n  15% yield . 
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In addition, the oxygenation of 8b in both MeOH and MeOH-H20 followed by Me2S 

reduction gave the similar results ( I%, major and 14b, minor), eliminating the possibility 

for formation of 14 via 5 type intermediate. Photosensitized oxygenation of tryptophan 

itself in an aqueous solution followed by Me2S reduction provided the two isomers of 13f. 

Similar reaction of cyclo-L-tryptophyl-L-proline also gave the two isomers of 20. 

Photooxygenation of 8h at O°C, however, proceeded exclusively to give 14h, showing 

that the direct formation of 14 occurs in the absence of the ethylamino side chain partici- 

pation probably via 16. On the other hand, when the similar oxygenation of 89 was corr- 

ied out at -70°C followed by treatment with Me S, 139 was obtained as a sole product 
2 

13 
whereas at O°C 149 was obtained as the major product along with 139 and l l g  . However, 

neither 149 nor 1% was formed from I l g .  

A l l  the hydroperoxides 11 isolated undergo acid-catalyzed rearrangement to 1,4-benz- 

10 
oxazine derivatives 21 . 
Conclusions 

From the foregoing results, i t  becomes apparent that photooxygenation of tryptomine 

and tryptophan related compounds gives the 3-hydroperoxyindolenines 10 as the primary 

intermediates, which then cyclize to the corresponding tricyclic hydroperoxides 11 by the 

side chain participation besides competing cyclizotion to dioxetones 16. One of the 

most important reactions of 11 i s  their facile transformation into the 14 and 15, providing 

a new pathway for tryptophan oxidation to kynurenine other than the widely accepted 

dioxetane pathway. This work provides considerable implication on understanding of the 

nature and mechanism of enzyme catalyzed oxidation of tryptophan to kynurenine. 
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