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Despite Qttearive invesfi@on arried out in the sixties, the structure of pheom&nins is still poorly 

detined, owing to the d compkity of the chemistry involved. It is known, however, that tbase 

piemmtr duive biooeaaiauy by oxidat& powon of cysteinyldopas, mainly the 5-S isomer (1). 

u&g from 1,6 ad&on of cyst&e to dqmquimne.4 On the basis of modd e~+immbs7 it was 

plqm8aVJ tht the e&y stage4 of phtcnndrnoscmsis (see scheme) involve tho OKidatioa of 1 to 

~J,fdlowsdby~doarreofthecygeinesidechainleadingtothe~3; 

hawtva,the~~afthirlrbileintamodirtshaJsofarrrmaimdelusive. 

In connaztion with aur studies on the chemi~hy of melanin biosynthesis, we k m the 

oxidation chanistry of 1 under biomimetic conditions. Prelimimuy kinetic expsriments provided evidence that 

thspaomidubMzq~irmuchmors~thantyrosinase,genenllyregrvdedastbsmjorenzyme 

involved in w* in bring@ &out the oxidative conversion of 1 to pkm&nin pigmakts. 

Attanptrto~int~wae~awinetothomarkadinstllbilityof~rpedesirrvdvsd. 

Howevcq etk redu&m of the 0xkist.k mixture with sodium borohydridc a simple ud well de&d m 

of~oouldbsob#rvsd.Thirwufamdtoconsist,inthcveryfirst~aeoftheradioqof8major 

component &sign&d as I in the eiutogrun of Fig. 1 A, which then decreased with concomitant appeamnce of 

another compound (II, Fig. 1B). Fractionation of the reaction mixture at this stage by pqmratk HPLC 

allowed isolation of the two reaction products. I and II. The faster moving one was identiM as 4 by 

comparison of its spa%al properties with those of an authentic sample.S whereas the other one m assigned 
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the- strum 5 by NMR W-tH correlation and selective decoupling QLperimcmts.9Jo 
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Fii 1. HPLC dution profiIe of the mixture obtained by oxidation of l(3 mu) with 

peroxidnse (9.0 purpurogallin U/ml) and hydrogen peroxide (2.4 mM) in 0.1 M 

pborphte b&&r, pH 7.0, after NaBI$ reduction: A, 3 min, B, 10 min reaction 

t&e. (Spberiaorb SS-ODSZ column, 25Ox4mm; mobile phase: 0.05 M c&ate 

but&, pH 4.0 - MeOH 8:2 v/v, 1 rnVmin). 

From anGdaaGon of the oxidation pathway of 1 as outlined in the scheme, di&rcnt routes may be 

e&Mgedto8cunmt for the formation of 4, prhmuily the reduction of the cyclic oquinonimine 3 and/or the 

3-carboxyba~thia&e 6, which is likely to arise by rearrangement of 3 (path A). In addition, the poasibii 

thatths~thiazi~4 maybepresaninthereactionmixture,asaresultofaredaxa~of3 

withtha~crtccboll@IthB),inlrrrlogytothatreportedinthecaseofthetyrosinass~~ 

-5 should be considasd. Converady, reduction of the 1,4-benzothiazine 7 gd by 

e narrrmganent of 3 (path C) is conceivably the sole origin of 5. 

In order to estimate the ratio of formation of the benzothiazine intermediates 6 and 7, the oxidation of 

1 was qeated, but NaBD4 was used as the reducing agent. After the usual work up and fra&.ionation of the 

reaction m&ure, 1H NMR spectml analysis of the 1$-dihydrobenzothiatine products provided evidsna, as 

expected, for a complete monodeutemtion at the 3-position of 5, whereas a 40% deuterium labeEng was 

obsaved in the case of the cazboxy derivative 4. These data, coupled with consideration of the yiald of 

formation of 5 with respect to that of 4, allowed us to assess the relative operation of the rearrangement paths 

of 3, at the initial stages of the oxidation process (IO min), in terms of about 85% for path C vs 15% for path 

A. Moreover, the results of the dartaium labdling experiments, which unambiguously demo- that the 

isolated products 4 and 5 actu&y arise from benzothiazine intermediates, provide additional support to the 

suitability ofthe reductive daivatisation proocdun adopted in this study. 

In further cxperimems. in which the oxidation of 1 was performed using eithe5 tyroJinase or chemical 

agenta, e.g. per&late, the same pattern of reaction products was invariably obtained. Moreover, when the 

modd coqound 8 was usal in place of the melanogenic precursor 1. the peroxidaa&I~~ promoted 

oxidation was shawn to lead to the corresponding dihydrobelW thiazinellandI2,insimilaryieW.Itaeans 

thaetbn that the o&rved course of the oxidation reaction does not depend on the nature of the oxidizing 
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agent_ hut ratbcx &bets the pm-al reae%ty in aqueous solutions at neutral pH5 of cyclic v 

of the type 3 or 10. 

AMoughthecbamkyofaseriesofnatuml and synthetic 1,4-benzothiazks has been ex&kwJy 

investigst~llnotmuch~rmrtionisa~~intheliteratureontheparartcompound~~rtthe 

3-position, which bowever has been post&ted as a key imermediie in several biological proawca includ@ 

the biosyntkk of trichochromes pigments, featuring the A z.z-bi(W-1.4~benzothkine) skeleton.* Thus, our 

study is of particular interest in that it provides for the Grst time direct evidence for the Cmmtion of 1,C 

knzothiazinc~ such as 7 and 14 by oxidation of the cysteinylcatechols 1 and 8. In line with this view, HCI 

treatment of the oxidation mixture of 1 at 10 min reaction time resulted in the formation in 26% yield of 

trichochrome F,12 (15) arising by the acid catalysed oxidative coupling at the 2-position typical of 3- 

unsubstituted 1,4_benzothiazine systems. 13 
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