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Abrtrdct. Sn neutral aqueous buffer adrtnochrome (l_), the first iSOldblt 
inttrmediatt in the oxidation of udrendlin, undergoes rtarrangmt to give, 
besides adrcnolutin (21, d yellow corpaund which was assigned the dlrric 
structure 6. Under ana&oblc conditions, cwund 6 Is the major reaction 
product ( &out 60 X ylttdl. In the presence of ai; a mrt cocrglex pattern 
of products Is formd including, besides 5, the hitherto unknown S,6-dihy- 
droxy-1-ethyl-2,3-indoledione (10) and a rtldttd compound ldtntlfltd ds - 
the 4,4'-dlrntr 11. - 

Since 1937 It has been known that the enrymic or chemical OXiddtiOn of adrenalin leads in the 

early stages to a red UnStdble compound generally referred to as adrtnochrome (1). Interest in 

the chemistry of luas promptly roused by the wide range of physiological and psychological 

activity dscribtd to this aminochrcnm, which hds continued unabated over the years? As d result 

of these studies it was apparent that the most characteristic feature of 1 is its tendency to 

undergo rearrangement In the presence of alkall'or metal cations (e.g. Zn" 
*t 
1 to give a strongly 

fluortsctnt substance Identified by Lundmar 5,6-dihydroxy-I-mthylindoxyl (adrenolutin, 21. The 

structure elucidation of 2 appear& :o have deflnltlvely settled the question of the fate of I. 

Accordingly, only sporadic dttention uds devoted to the fomdtion of other OxiddtiOII products 

of adrenalin following the adrenochromt stage. In 1945 Cohen*suggesttd that the oxidation of I 

procttds In the early stages to glvt a relatively simple product, i.e. the 5,6-o-quinone of 

1-mtthylindoxyl (31, designated l oxosdrenochrme". Subsqutnt atttinpts by Harley-Mason "I o 

Obtdin oxoadrtnochrme by oxidatlon of 2 were, however, unsuccessful, dnd the only WCOgnisdble 

product formed was a greenlsh-black pignent loosely described as the lndlgo 4_. k)rtovtr, 

Harley-tiasonwfound that, when left in aqueous solution under nltrogtn, 1 slowly changes Into 

dn mrphous dark precipitate referred to ds "adrenalin black". . 
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This was regarded as a polymer arlslng by dehydration and repeated condensation of 1 through the 

3- and I-posltjons of the indolt ring: but new evldenct lndlr.atts that adrenalin bluck js in 

fact a mixture of lndole ollgarrrs of the type 5!* 

In connection ~4th our interest In the oxidation chemistry of catecholumines w$ have now 

txanlned the rtarrangemtnt of 1 anw and have found that at neutral pH the major reaction 

product 1s not 2, as coaonly belltved, but a non-fluorescent, FeCl, -positive cmound which 

tends to separate frw the reaction medium. HPLC analysis showed that this product is forwd 

In higher yields (about 60X) in the absence of oxygen and 1s rtlatlvtly stable to autoxldation 

in neutral or sllghtly acidic media, while at pHs hlghtr than 7 It readily decorposes to 

chr~atoqraphlcally ill defined polymeric species. Hence, the Isolation of the cmund was best 

achieved by careful ion exchange chromatography on Oowtx 50 W X2 (Ii+ fern) of a rearrangement 

mixture of 1 in Hepes buffe:%t pH 6.8. Elation with water afforded the desired cmound as a 

yellow amorphous powder, C,,Hd*O;? homogeneous by TLC and HPLC, ~11th a chdracterlstic 

absorption maxlnra at 339 M; an treatment wlth MaBH, it underrent reduction to give a spectrum 

(h MX 311 and 397 nm) closely siaildr to that of 2 under the same conditions timax 317 and 393 

nml. 

The IH-)CnR spectrum cmristd the tntlre set of resonances of l'zlth the sole txceptfon of the 

H-4 proton signal, which was replaced by a pair of doublets atb2.01 and 2.76 (J . 16 Hz) typical 

of dlastcreotoplc geminal protons adjacent to a carbonyl group. In the 13C-NM spectrum features 

characterlsttc of both 1 and 2 were clearly rtcognisabl$lth the additional presence In the spJ 

region of a doublet at 470.33, in place of the C-2 methylene group of 2, and a singlet ata60,DD. 

attributable to an angular quaternary carbon on the ring skeleton of 1. 

Taken together, these data can only be accommodated by the gross structure 6 in which an -' 

adrtnolutln Irolety Is linked through the 2 position to the angular g-position of I. Structure 6 

has three asyuaetrfc ctntres at posltlons 3, 9 and 2'. of which the first derives frtnn adrenalin 

and Is therefore configurationally estdbl Ished. Thus, four dlastereoisonrs can In principle be 

described for 6. By HPLC andlysls and careful lnspectlon of the 1%and 13C-N)IR spectra, however, 

no indication was obtained of a mlxturt of compounds, which suggests that one diasttreoisomr 

Is preponderant. Nuclear Overhaustr enhancement difference (NOED) l xperlnents falltd to provide 

conclusive lnfomatlon on the sttrtMhemlstry of 6, and attempts to grow suitable crystals for 

X-ray analysis utrt defeated under a varlety of conditions. 



As far as the origin of ,6 is concerned, a most obvious cxplanatlon would be a direct 

nucleophilic addltlon of 2 to the electtophillc 9 position of 1. tlo~!ver, this possiblljty Is 

not supported by sepwatt omrlrtrrts rhowlng that under the usual reaction conditions 1 does 

not react with 2. Thus, the possjbllity remains that In the course of the rearrangent of 1 to 

2 a highly reactive fntcrwdlate is transiently generated. which Is cfflclcntly trapped by the 

unchanged anlnochro*e present in the reaction mixture. A most llkcly candidate Is 

3,5,6-trihydroxy-l-nethylindolc (71, the enolic tautmcr of 2, which apparently rmzcts the 

requirements for high nuclcophilicity at the 2-posltlon owing to the concurrent electron 

releasing effectsof the hydroxyl groups at the 3- and 6-posItions. 

The observed reactivity of the angular 9-position of Is not unprecedented. Adducts at C-9 

such as 8 and 9 have long been known to form by reactlon of 1 wfth sodium bisulphlte or thiols 

*am 
at neutral pti values, and have been sdcquatcly characterfsed by lH-MI spectroscopy. 

When a solution 

slow oxidation r 

of 1 in 
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Hepes buffer at pH 6.8 was left in air for a prolonged period of time. a 

took ~lacc. Hplc and tic (celluloseI laonltoring provided evidence that 

under these condltlons 2 Is transiently formed and progrcsslvcly changes into a red cmpound 

withlnax 363, 509 nm which is subsequently oxidlsed to a closely related conQound with 

sbsorption naxlma at 352, 512 nn. These two products were then fSOlbU!d by gel filtration on 

Scphadex G-l0 

freeze drylng 

or LH- 20 of an autoxidatlon mixture of 2 In Mcpes buffer at pH 6.8, fol lowedby 

of the appropriate fractions. 

The first forrn?d compound was readily identiflcd as 5,6-dihydroxy-1-methyl-2,3-indoledfone (IO) 
- 

mainly on the basis of the mass spectrum, exhlblting the molecular Ion peak at m/z 193 and 

fragment peaks at n/z 165 (I++ = CO) and 136 ( base pedk, ck - PC0 - HI. The 1H- and 13C-MM4 

spectra displayed features consistent with the above structural assignment. 

The mass swtrur (EI 1 of the second compound showed a weak molecular Ion peak at m/z 384, 

suggestlng a dfmer of 10. The lti-NHR spectrum consisted only of two resonances for a shielded - 
arornatlc proton and the N-methyl group, suggesting that the two monwr Isatln units are linked 

syann!!trlcally through the $-position. Consistent with t.hfs Interpretation, the 13C-WR spectrum 

displayed only 9 signals, of which that ata96.42 (C-7) appeared as a doublet. The cmound was 

therefore assigned structure 11. 



In subsquent experiments It was found that the yields of IO and 11 formed by autoxidation of 2 - - 

vary significantly with the nature of the buffer system used. being higher In Hepes and lower In 

phosphate and Trls. We have at present no explanation of this effect, although we surmise that 

trace metal Inpurities nay play a role. 

and hydrogen peroxide. All these observations would point to the occurrence of an oxidative 

pathway of 2 involving the initial generation of a radical at C-2 (121. This readily Interacts - 

with oxygen to give an intermediate peroxy radical (131 which is eventually converted to 10. - - 

Such a Rltchanism closely parallels that cmmonly thought to be operative In the autoxiddtive 
al m 

to carbonyl groups (as for anthrones, tWiZOx8ZlneS, conversion of activated ethylene groups 

etc.), 

It is noteworthy that the autoxldstion of 2 Is characterised by the lack of formation of 

indlgofd species, which markedly contrasts with the usual behavlour of lndoxyls. This 

dlvtrgence can be &SCFlbed to the presence on the benzene rlng of the electron releasing 

hydroxyl groups, which apparently exert a dtstabillsing effect on the initially formed radical 

12, thereby fsvourlng its rapid lnteractlon with oxygen over dirrerisatfon. - 

The fate of the lsatln 10 under oxldatlve conditions 1s clearly dlctated by the reactivity of the - 

catechol hydroxyls. Whether the diser 11 arlsts froa coupling of a phenoxyl radical from 10 or - - 

from an Ionic process rqulring the intemedfacy of the hypothetical 5,6-qulnone Is difficult 

to test owing to the discouraging features of the chemistry involved. 

In conclusion, the structure characterlsation of products 6, 10 and 11 provides for the first -- - 

tlnu! some fnslght fnto the later stages of the oxidative pathway of adFtnalin, throwing light on 

some basic aspects of the chccllstry of 1 that hawr escaped the attention of previous studlts. 



EXPERICTHTK 

IJV spectra were recorded on a Ptrkln Elnr Clod. 550s specttophotwtcr. III-MI q%Ctr& (210 Ml) 
and 13C-ItN spectra (67.9 Miz) were recorded on a Bruker AC 270 spcctrmeter ( dvalues are 
referred to TMS as an Internal standard). Electron iqsct mass spcctrr were dctcmlncd with a 
Kratos MS-80 sass $pectKmter. Elemental analyres were perforrd by Analytlsche Laboratorlen, 
GumcrsbKh 1 Elbach, F.R.G. All sol vents mre reagent grade from Carlo Lrbr. Inorganic salts 
and all other chemicals were of the highest purity aval lable. R-(-I-rdrenrlln and Hcpes uere 

from Fluka. All enzyns wCre frm Signs. Douex 50 W X2 resin (200-400 nosh) was from Bio Rad. 
HPLC analyses uere carried out with a Beckmann aodel 330 Instrrmcnt using a 4 m x 25 cm RP-18 
Lichrosorb colum (Merck). The mobile phase ~1s 0.25 H HaeB,O,-MeOH 96.5:3-S v/v. pH 6 and the 
flow rate was maintained at 3 ml/nin. Detection was carried out wfth a Knauer UV absorbme 
detector ( A q 300 nm). Sephadex LH-20 and G-10 used for colvnn crorratography were purchased from 
Phamacia Fine Chemicals (Uppsala, Sueden). Analytical thin layer chrcnmatography was carried out 
on cellulose plates (0.25 rm, Merck) using water as the eluent. The chrmatograms were 
vlsuallsed by UV irrddidtlon st 254 and 366 nn dnd by spraying ulth an ethanollc solution of 
FeCl,, Adrenochrome has an Rf of 0.8 and adrenolutin of cd. 0.45. Glass dlstllled water and 
buffers were csrefully freed from heavy metal impurities by passapc through a colum of Chelex 
100 resin (Ha+ form). Glassrare was wdshed with 1M MCI, 0.01 H EOTA dnd lo-15 rinses of 
delonised water. 
Adrtnochrm was prepared by silver oxide OxiddtlOn of ddrendlin according to Sobotka dnd Austr 
and ras stored dry at -80 "C. Adrenolutin was prepared by a literature procedure? 

Isoldtion of the dlmer 6. 
Adrenochrome (500 mg) was dissolved In 0.05 M Hepes buffer at pH 6.8 (200 ml) and left at 27 *C 
in d rdttr bdth under a nitrogen atmosphere. After about 4 h, when the dark red colourrtion frad 
turntd to broun, the mixture was rapidly flltertd. acidified to pH about 2 dnd filtered again. 
The yellowish solutlon thus obtalned was chramatogrdphed on a Dowx 50 Y X2 ( H+ fom) colum 
(3.5 x 15 cm) using water as the tluent, dnd fractions of 10 ml were collected. After sau? 
brownish products,the yellow diwr 6 was eluted In fiactlons 80-125, which were c&ined and 
carefully concentrated at 30°C uncl= vacuum. Yhen the volu~ was reduced to dbout 15 ml, 6 
separated frm the cooled mixture as an amorphous precipitate which was flltered, washed wltF 
cold nsthanol and dried over phosphorus pentoxldc. The yield was about 80 IMJ, provided that the 
work up was sufficiently rapid. In sane preparations the compound was obtained in the form of 
yellow nlcrocrystals datienlng wfthout melting at about 170 "C, Rf q 0.9,r nax (H,O) 339(1ogc 
4,08), (H,O, H+I 293, 351 nm 1 log ~4.14 and 4.13 ), C&&C+ (found: C, 60.16; H, 5.07; I, 
7.70. Calc.: C. 60.3; H, 5.0; H, 7.8); lH-HHR (OHSO-d&d 2.01 (lH,,3=16 Hr,H-lb), 2.52 (3H,s, 
CH,), 2.76 (lH,d,J=l6 Hz. H-da), 2.99 (3H,s,CH,I), 3.32 (lH,s,H-2'1, 3.39 (lH,d,J=ll Hr. H-2b), 
4.22 (lH,dd,J=ll,t Hr,H-Zal, Se12 (lH,d,Jm2 Hz,H-31, 5.46 (lH,s,H-7). 6,12 (lH,s,H-7'), 6.68 
(lH,s,H-4'1; 13C-NHR tOMSO-de):6 33.51 (q,CH,), 38.37 (q,CH, ), 60.08 (s,C-9), 62.45 (t,C-2), 
66.62 (d,C-3). 70.33 (d,C-2'). %.74 (d,C-7'). 99.13 (d,C-7), 106.89 (d,C-4'). 115.12 (s,C-9'1, 
141.66 (s,C-8'1, 156.61 (s,C-5'). 160.79 (s,C-6'). 168.91 (s,C-8), 176.01 (s,C-6), 192.86 
(s,C-5). 197.29 (s,C-3'). It should be noted that the signal corresponding to the C-4 methylene 
group wds not detected, probably owing to masking of the pertinent chemical shift range by the 
intense DMSO-de slgnal. 

Isolation of 5,6-dihydroxy-1-methyl-2,3-indoledjone (10). 
To a solution of 2 (100 rq) In methanol (20 a?), 0.1 M HepeS buffer dt pH 7.0 (30 ml) ras added 
dnd the mixture was stirred at room temperature. The rtactlon course was monitored by TLC on 
cellulose. When most of the adrenolutin had dlsdppedred (about 4 h), the red solu;ion was 
csrcfully cDnctntrsted at 3(PC under reduced pressure and chrcmstographtd on a colum (2,2 x 100 
cm) of Sephadex G-10, eluent water. The frsctlons containing the isatin were pooled and freeze 
dried. About 60 ~KJ (551) of 10 were thus obtained 8s a dark red powder, Rfa0.73,1 max (HaO) 363, 
509 nm (log c 3.91 and 3.42x EIWS m/r 193 (H+, found: 193.0382, 
165, 136, 122; 

hH,N 0, requires 193.0375), 
IH-RKft (CO,OO): 6 3.14 (3H, s, H-CR,), 6.47 (lH, s, H-7), 6.96 (IH, s, H-4); 

13c-RCIR conso- 
(s, C-8), 149. Y 0 

: 6 25.40 (q. N-CH,), 98.12 (d, C-7). 104.24 (s, C-9), 107.40 Id, C-4), 142.73 
(s, C-5), 161.22 (s, C-6). 163.57 (s, C-2). 177.21 (s, C-3). 

Isolation of 5,5',6,6'-tetrahydroxy-l,l'-di~thyl-4,4'-bllndolyl- 2,2',3,3'-tetrone (11). 
A solution of 2 (100 mg) in Hepes buffer-methanol at pH 7.0 (50 ml) was left to autoxidlsr as 
above. After about 30 h , when sII the initldlly fomcd Isatin 10 had disappeared, the dark red 
Solution wds CdrefUlly COnCentrdted dt 30°C under rtduCtd prtSsure and chromatographed on d 



colurrn (2.5 x 80 cm) of Scphadcx LH-20 , elucnt 95% ethanol-water 80 : 20 v/v. The fractions 
contblnlng the red dimer were pooled and freeze dried. About 50 ~KJ (45%) of 11 were thus Obtblntd 

1s b dbrk red powder spbringly soluble in ubter, Rfm0.9S.a nex (HI01 3527 5t2 na (lag ~4.07 
and 3.58) ; EIHS m/z 384 (M+,, found: 384.0581 , Cd&O, requlrcs 384.0594 1, 369, 356, 340, 
328, 3t4;1H-HICR K~OD): 63.13 (3M x 2, s, N-C%, W-W,), 6.38 (1H x 2, I, II-7,H-7'); t3C-rcC1R 
CDMSO-d,): 625.11 (q, N-C)5, W-CH,), 96.42 td, c-7, C-7'). 100.21 (s, c-9, C-9'). 114.88 (1, 
C-4, C-4'). 141.54 (s, C-8, C-8'), 150.80 (s, C-5, C-5'). 163.24 (s, C-6, C-6'). 169.44 (J, 
C-2, C-2'). 173.24 (s. C-3, C-3'). 
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