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SDHMARY: Enrymic oxidation, or autooxidation at pH 9, of 1 led to a mixtura of fluorescent 
products the major of which could be isolated, as the acetyl derivative, and identified as 
5,6,5’.6’-tetraacetoxy-1,l’ -dimethyl-2,4’-biindolyl (2). In the presence of metal cations, e.g. 
Ni2+ , autooxidation of 1, at pH 7.5, led to the isolation, besides the diner 6 in lower 
amounts, of two more ollgomers vhich were formulated as 5,6,5’,6’-tetracetoxy-l,i’-dimethyl- 
2,2’-biindolyl (1) and 5,6-dia~etoxy-l-methyl-2,4-dl-[5’.6’-diaeetoxy-l’-methyl-2’-indolyl]- 
indole (8). The unexpected reactivity of 1 to 
rather than at 3- and 7- position, 

undergo oxidative coupling at Z- and 4- position 
as previously believed, is discussed in relation to the 

current views on the structure and biosynthesis of eumelanins. 

In recent years, whereas knowledge on the chemistry of phaeomelanins ‘Phas been considerably added 

to, little progress has been made in the investigation of the structure and biosynthesis of 

eumelanins?*4This latter group of melanin* is of the greatest biological interest since it 

includes the brown to black pigments found in skin, hair and melanomas, as well as those of tha 

eye and the substantia nigra (neuromelanfn)! 

Early studies 0 on the biosynthesis of eumelanins suggested that they arise by oxidative 

polymerization of 5,6-dihydroxyindoles derived from dopa’ and related metabolftes such as 

dopaminea a 
and epinephrine. However, the proposed mechanism of polymerization as well as the 

positions of the indole ring involved, remain elusive in spite of a large amount of 

experimental work. 

Extensive studies”l”on the oxidative behaviour of variously substituted 5,6_dihydroxyindoles, led 

to the view that the 3- and 7- position were essential in the formation of eumelanin, but that 

the 2- and 4- position could be also concerned to some extent. In another study on melanin 

formation from adrenochrome. Bu’Lock’2@proposed that the process involves the intermediacy of 

5,6-dihydroxy-l-methylindole (I} subsequently converted to the unstable quinone 2, which could 

be trapped with l.&naphthaquinone to give a purple pigment tentatively identified as 1. From 

this and other model experiments on the reactions between indoles and quinones, it was proposed 

that the formation of melanin could proceed by self-conoensation of 2 to give 3, followed by 

coupling of the dihydroxylndolyl group of the dimer with a fndolquinone group at 3- or 7- 

position. Since then, this mode of polymerization of 5,6-dihydroxyindoles has been assumed as 

a chemical background3*‘for most speculations concerning the structure of natural and 

biosynthetic melanins. In contrast with this view, we have recently found*that, under biomimetic 

conditions, oxidation of 5,6_dihydroxyindole leads to a mixture of oligomers. the major of which 
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was isolated, as the acatyl derivative, and identified as 5.6.5’,6’-tetraacatoxy-2.2’-biindolyl 

(A). On mild hydrolysis under reductive conditions, this was converted to the parent blue 

fluorescent tetrahydroxybiindolyl corresponding probably to the unidentified dimarcs) detected 

by Bu’Lock’” in the early stage of the enrymic oxidation of 5,6_dihydroxyindole into melanin. 

This result prompted us to extend the investigation to the oxidation products derived from 1 

exhibitlag more favourable solubility and analytical properties. 

Initially, the oxidation behaviour of 1 was inveetigated under the usual conditions of 

melanogenesla in vitro involving the use of the copper containing enzyme tyrosinase. When a 

solution of the l ntyme in 4-(2-hydroxyethyl)-piperazine-1-ethanesulfonic acid (HEPES) buffer at 

pH 6.8 vaa added to the indole 1 in the aame buffer, a purple colour developed which 

reached the maximum intensity in approximately 20 minutes. At this stage the oxidation van 

stopped by addition of Na2S204 and the ethyl acetate extractable fraction was acetyleted 

overnight at room temperature with Ac20-pyridine. 

TLC and HPLC analysis of the mixture revealed the presence of a complex pattern of blue 

fluorescent products, the major of which could be isolated in crystalline form and identified 8s 

5.6.5’.6’-tetrascetoxy-lrl’-dimethyl-2,4’-biindolyl (6) on the basis of the following evidence, 

OAc OAc 
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The miss spectrum shoved the moleculAr ion peAk At m/e 492 corresponding to the formula C26H24N20g 

(requires 492.1’533. found 492.1536) And diAgnoAtic frAgmentA At m/e 450.400.366 And 324 ( base 

peak). duo to AUbAAquAUt 1OAAAA Of the fOUr ACAtyl grOUpA. 

The lH-NHR spectrum exibited, in Addition to the AliphAtic signals of Acetyl And methyl groups, 

two doublets (J-3.68 lip) At 86.20 And d7.06 for thA H-3' And H-2' protons. A singlet At 66.54 due 

to H-3,And three riaglete in the erometic region At 6 7.19.67.26 And b 7.38 AttributAble to the 

H-7, H-7’ And H-4,respectively. SignificAnt UucleAr OverhAuser enhAncerat difference (NOED) 

Affects were mAAsured batween the AigMl At b 6.54 (H-3) And the H-4 signal At b 7.38. between 

the N-W3 resonance At b3.50 And thAt of the H-7 proton At b7.19, And between the N’-CH,SignAl At 

b 3.79 And that of H-2’ And H-7’ protons At 67.08 And b 7.26, respectively. These dAtA provided 

evidence that the linlrage between the two lndole moieties involved the 2- And 4- position. 

Consistent with this view. in the 13C-NlR spectrum. the C-4 And C-2’ AppeArAd AS doublets At 

6 113.91 And 6130.90, respectively , while the C-4’ And C-2 gave singlets At dll8.05 And 6133.56. 

respectively. 

In further experiments, the reAction behaviour of 1 WAS studied in HEPE.9 buffer At pH 9.0 

without enzymic cAtAlysis. Under these conditions the reAction proceeded similarly AS in the case 

of the enzymic oxidation to give A mixture of fluorescent products, the mAjor of vhich proved 

to be IdenticAl to the diaer 6. 

A different pattern of OxidAtion products "AA observed when the AutOoxidAtiOn of 1 WAS carried 

out At lower pH, e.g. pli 7.5, in the presence of metal ions (Ni2+) which, AS shovn in AepArAtA 

experiments!’ have A profound effect on the r(lte And mode of polymerizatlou of 

5.6-dihydroxyindoles. After the usucll work up ,frActionAtion of the reaction mixture by 

preparative TLC led to the isolAtion. besides the dimer 6, of two more oligomers which were 

identified AS 5,6.5’,6’-tetrAAcetoxy-1.1’-dimethy1-2.2’-biindo1y1 (1) And 5,6-diAcetoxy- 

l-methyl-2.4-di-(5’,6’-diAcetoxy-l’-methyl-2’-indolyl]-indole (i) . 

The Atucture of the AynnatricAl dimrr 1, C26H24N20g ( requires 492.1533, found 492.1533) followed 

by StrAightforwArd AMlySiS of the ‘H-NHII spectrum, characterized by two singlets (1Hx2 Aach) At 

67.21 And 67.42 for the Aromatic protons H-7 And H-4, respectively , And A Singlet At 66.60 due t0 

the H-3 protons. ThAt the coupling between the tvo indole moieties involved POSitiOn 2 8iAA 

substantiated by the 13C-N?Ut spectrum shoving A doublet At 6104.83 AttributAblerAt the C-3 And A 

singlet At 6132.53, typical of the C-2 of the indole ring. The -AA spectrum of 8 shoved the 

molecular iOn peAk At m/c 737 And the diAgnOStiC frAgments At n/c 695. 653, 611.569, 527 And 485. 

The ‘H-Np[R spectrum exibited six singlets, tvo of which At d 6.39 And 66.59 (lHx2) due to 

the g-3 And H-3’. reApeCtiVely, And the reuining fOUr in the AromAtic region At 6 7.19 (lUx2), 

d 7.34, b 7.39 and 67.41. Attributable to the N-7’And H-7 And the two H-4’ protons,respectivsly. 
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Ii H CHs H 

These assigments were substantiated by the result of the NOBD experiments, as illustrated in a. 

Notably, significant NOW effects were measured between the N-methyl groups and the proximal H-7 

protons shoving that 7-pooitioas were not involved in the bonding with the other indole nuclei. 

The structure and characterization of the trimer 1, as well .as of the dimers 5 and 1, is of 

chemical interest since it reveals for the first time an unexpected tendency of 1 to undergo 

oxidative coupling at 2- and 4- position rather than at 3- and 7- position, as previously 

suggested!ot’2*‘3 Although the involvement of these latter positions in the polymerization process 

cannot be definitively ruled out until a more complete analysis of the oxidation mixture is 

carried out, the results of the present study provide a new chemical background to look into the 

structure of natural and biosynthetic eumelanine. 

Experimental 

M.ps. were determined with a Kofler-hot stage apparatus and are uncorrected. UV spectrq were 
recorded with a Perkin Elmer Hod. 141 spectrometer.$i-NMB (270 MHz) and 13C-NMR (67.88 MHz) 
spectra were recorded on a Fourier transform Bruker WH 270 spectrometer with ASPECT 2000 
computer 40 K memory. The nuclear Overhauser effect difference FID’s were obtained by gated 
decoupling vith a microprogram virtually identical with one decribed in the Bruker Aspect 2000 
NMB Softwars Xanual 1. For each measurement, 80 scans with irradiation were subtracted frm 
those vith irradiation on resonance. A decoupler l mplituder up to 15 Hz was utilized. A flip 
angle of about 50’ was applied. The sample concentration was lD+lS mg in 0.5 ml of CDC13 with 
RIS as the internal reference. Electron impact mass spectrometry was determined with a Kratos 
M-50 mass spectrometer. Analytical and .praparative TLC were carried out on precoated rilicr 

gel F-254 plates (E. Merck), proportion given for mixed solvents are by volume. The chromatograma 
were examinated by W irradiation at A 366 nm and A254 nm. Mushroom tyrosinase was purchased aa 4 

lyophilired powder (4800 enzyme units/mg) from Sigma Chemifal Co. (St. Louis MO U.S.A.) 

5,6-Dihydroxy-l-methylindole (1) 
1 was prepared by a procedure similar to that described ty llattok and HeacocQ? In a, typical 
experiment, to P solution of 1.37 g of l pinephrine and 2.24 g of tartaric acid in 25 J of 
voter, a solution of potoesium ferricyanide (13 g) and sodium bicarbonate (4.2 g) in 50 ml of 
water was added under vigorous stirring. After 5 minutes peroxide free ethyl ether (150 ml) was 
added to the reaction mixture, folloved by addition of ascorbic acid until the red colour was 
discharged. The aqueous layer was extracted with ethyl ether (3x100 ml) and. after washing vlth 
water,the organic layers were dried over sodium sulphate and evaporated to dryness uadar 
nitrogen. The yellov residue was crystallized from ether-benzene to give 1 (700 mg) in 57 X 
yield,as pale yellov needles , m.p.136’C. which darken on exposure to air. 
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Ensymic oxidation of 1. 
To a stirred solution of 1. (100 mg) in 80 ml of phosphate buffer (0.1 Pl) at pH 6.8 , a solution 
of mushroom tyroainasc (48000 units) in 20 ml of the same buffer was added. After 2O’the reaction 
was stopped by addition of Na2S204 and the mixture was repeatedly extracted with ethyl acetate. 

The organic layera vere washed with water and dried over NaiSO4. The brown residue no obtained 
was acetylated with acetic anhydride (2 ml) and pyridine (100 ~1) at room temperature for 12 h. 
After evaporation to drynere , the reaction mixture waa chromatographed on preparative TLC with 
benzene-AcOEt (6:4) to give 27 mg of 5 (Rf 0.66), yellow prisms from CBCl3-petroleum l ther,m.p. 
105-107°C (dec) ;A_ 303 nm ( log 6 4.20); n/e 492 (W+,C26H24N208: found 492.1536. requires 
492.1533). 450. 408, 366, and 324 (base peak);lH-NMR (CDC13): d2.06 (3H.s.acetyl group), 62.33 
(3Hx3,s.acetyl groups), 63.50 (3H.s.N-CH3),63.79 (3H.s.N’-CH3). 66.20 (IH.d,J-3.68 Rx,H-3’).b6.54 
(lB.s.H-3). 67.08 (lH,d,J-3.68 Hx,B-2’). 67.19 (lH,s.H-7). d 7.26 (lH,s,H-7’),67.38 (lH,s.H-4); 
l3C-N?4R (CDC13): 620.55 (9). 620.62 (q), d31.08 (q), 633.07 (q), d101.19 (d).6103.13 (d). 6103.82 
b 103.82 (d), 6104.38 (d), 6113.91 (d), b 118.05 (6). d 125.70 (s), b 127.13 (s), d 130.90 (d). 
b 133.56 (s), b135.36 (s), b135.94 (6). 6136.21 (a). 6137.74 (8). d 138.36 (a), b 168.85 (a). 
b 169.03 (a), d169.16 (s), 6169.30 (a). 

Autooxidation of 1. . 
A solution of 1 (400 mgg) in 720 ml of HBPES buffer (0.1 M. pH 9.0) was stirred for 30’ and the 
reaction was stopped by addition of Na2S204 . The mixture was extracted vith ethyl acetate and 
the organic layer was washed with water, 
residue so obtained was 

dried over Na2S04 and evaporated to dryness. The brovn 
acetylated with Ac20-Pyr at room temperature for 12 h. The reaction 

mixture was chromatographed on preparative TLC with benzene-AcOEt (6:4) yielding 5 (35 m8) aa 
yellow prisms from CHC13 -petroleum ether. 

Autooxidation of 1 in the presenca of metal cations. 
To a stirred solution of 2 (800 mg ) in 720 ml of HEPES buffer (0.1 H pH 7.5) a solution of NISO 
(1 eq) in 720 ml of the same buffer vaa added. After 20’ the deep-violet reaction mixture waa4 
treated with NaaS204 , and repeatedly extracted with ethyl acetate. The organic layers ware 
collected, washe with water, dried over Na2S04 and evaporated to dryness. The brown reaidue so 
obtained was l cetylated with Ac20-Pyr at room temperature for 12 h. 
The reaction mixture (720 mg) was chromatographed on silica gel using CHC13 :Et 0 (1:l) to give, 
besides 5.6-diacetoxy-l-methylindole (45 mg), a fraction (372 mg) consisting ma nly of oligomerr 1 
of 5,6-diacetoxy-l-methylindole. Subsequent tractionation by preparative TLC vith AcOEt- 

cyclohexane (7:3) led to the isolation , besides 50 mg of 6, 1 (Rf 0.75 , 57 mg) as yellow 
crystals (from TRP) m.p. 225-C (dec&&CHCl ) 302 II (logs4.31); m/e 492 @I+, C26H24N208:found 
492.1533, requires 492.1533). 450. 408, 366. 3 24,162 (base peak);lH-BKR (CDC13): 62.33 ( 3Rx2, s, 
acetyl groups),b2.34 (3Hx2.s.acetyl groups),63.62 (3Bx2,s,N-CH3).d6.60 (lHx2,s,H-3,H-3’),67.21 
(lHx2,s,H-7.H-7’). 67.42 (lRx2.s.H-4.H-4’); 13C-NKR (CDCl ): 620.58 (9). 6 20.65 (q), d 30.96 

(q). 6104.12 (d). 6104.83 (d).b114.18 (d), b 125.05 (s?. d 132.53 (s), b135.34 (0). b 136.60 
(8). 6138.43 (s),b169.07 (I). d169.22 (8); 1 (Rf 0.59, 30 mg) as needles from Me08 m.p. 203eCi 
-10 (log& 4.38); m/e 737 CR+), 695, 653, 611, 569. 527, 485; ‘H-RWR (CDcl3): d 2.04 (3H,a, 

acetyl group), b2.09 (3H,e,acetyl groups), 62.33 (3Rx3,s,acetyl groups), 62.36 (3H,a,acatyl 
group), 63.55 (3H,s,N-CH3 (C)), 63.61 (3H,a.N-(X3(A)), b3.71 (3H,s,W-Cti3 (B)), b6.39 (lH,s,H-3), 
6 6.59 (lBx2,srH-3’). 67.19 (lHx2.s.H-7’). 67.34 (lH.s,H-7). 67.39 (lH.s.H-4’).d 7.41 (lll,a, 
B-4’);13C-NIIR(CDC13): 620.26 (q), d20.53 (q), 631.19 (q), 6103.44 (d), 6103.93 (d).b104.20 (d), 
b 104.38 (d).b 104.96 (d), dlO5.01 (d), 6114.00 (d), 6114.23 (d), 6118.27 (a). 6125.11 (s),&25.73 
(8). 6 126.27 (s),6132.16 (a), 6133.33 (a), 6134.95 (s), 6135.49 (s),b135.63 (a). b136.40 (s), 
d 136.84 (a), 6137.96 (6). 6138.73 (s), b 139.13 (a), dl68.71 (a), 6168.99 (8). d 169.07 (a), 
b 169.25 (a). 
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