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Abstract-Aflatoxm M 1, a potent carcmogemc metabohte of a!Iatoxm Bl, was synthesized m four steps, from atlatoxm 
Bl This reaction 1s of value because it yields larger quantities of this otherwise difficult to obtain compound for 
chemical studies and toxlcolog& evaluation 

INTRODUCTION 

Ailatoxms are a class of secondary metabohtes of fungal 
ongm, which are very potent carcmogens and mutagens 
They are produced by various molds m foods and feeds 
under specdic condltlons of temperature and hum&y 
matoxms B and G, produced by Aspergrllus species, 
are common contaminants m corn, peanuts, cot- 
tonseed and a range of other grams, nuts and cereals Smce 
the recogmtlon of the disastrous effects these compounds 
have on ammals and humans [l-4], much effort has been 
dlrected mto research for the detectlon and detoxdicatlon 
of these compounds Research is also actwe on the 
toxicology and chemistry of the ailatoxms as well as on the 
eluctdatlon of the mechanism of their carcmogenmty, 

mutagenicity and toxicity Aflatoxm Bl (1) IS the pm 
toxic metabohte of AspergdlusJTavus and A parasmcus, it 
can easily be produced in culture m fairly large quantities 
[S, 63 The same apphes to aflatoxms m the G group (2,3) 
In the case of the M group of toxins (4), however, this 1s 
not the case Aflatoxm M 1 was first detected m the mdk of 
cows fed aflatoxm Bl contammated corn and peanut meal 
[7,8] Although its acute toxlclty has been established [9], 
the most nnportant questions concerning its carcmo- 
gemclty remam unanswered because only mmute quan- 
tlties of this metabohte have been avadable for study This 
fact, coupled wth the expense of purchasmg even minute 
amounts of a!Iatoxm Ml, and our desne to develop an 
assay for the detection of aflatoxm Ml m mdk and milk 
products, prompted us to investigate the feaslblhty of the 
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Fig 1 Converston of aibtoxtn Bl to aflatoxtn Ml 
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1. R,d=H, 2 
4a R=OH, R’=H 3 NO A” 
4b R= OH, R1=H, No A” ‘) 

7 R=H, R’=OH 

Fig 2 Aflatoxm structures 1, Bl, 2, Gl, 3, G2, 4a, Ml, 4b, M2, 7, Q 

chemical conversion of allatoxm Bl to aflatoxm Ml 
Buchl and Wemreb [lo] described an elegant but very 
long synthesis of aflatoxm Ml, starting from 4,6- 
dlhydroxycoumaran-3-one The most common source of 
the toxin IS Aspergrllus~auus, this strain IS one of the best 
producers of the compound, yielding 28-30 mg/lOO ml of 
medium [l l] 

RESULTS AND DISCUSSION 

Our mltlal attempts focused on the direct conversion of 
afiatoxm Bl to ailatoxm Ml using selenium dioxide 
oxldatlon because of the specticrty of this reagent m 
allyhc oxldatlons This oxldatlon, however, afforded a 
complex nuxture of products when camed out m acetic 
acid-acetic anhydnde, ethanol, dloxane or tetrahydro- 
furan, the usual selenium dloxlde oxldatlon solvents 
None of these products corresponded to either ailatoxm 
M 1 or a&toxin M 1 acetate, prepared by direct acetylatlon 
of a standard We attnbuted this complexity to the fact 
that aflatoxm Bl possesses a number of reactive sites 
which would be prone to oxldatlon 

We decided therefore to include a protectlon/deprotec- 
tlon sequence m our reaction sequence m order to 
overcome the problem of multiple reactive sites The 
cyclopentenone moiety m allatoxin Bl was protected as 
the ketal (5), using standard conditions (ethylene 
glycol-p-toluenesulphomc acid, with azeotroplc removal of 
water) The ketal was purified by column chromatography 
and characterized by mass spectroscopy Aflatoxm Bl 
ketal was subjected to selenium dioxide oxldatlon under a 
variety of condrtlons (solvents, concentration and tem- 
perature) We found that when the reaction was per- 
formed m acetic acid-acetic anhydride, we obtained a 
mixture of three compounds, two of which were later 
characterized as atlatoxms Ml, and Q (7) acetates, after 
deketahzatlon, the ratio of these compounds was 3 1 We 
notlced that the purity of the reagent was extremely 
important for this conversion Use of selenium dioxide 
which had not been resubhmed prior to the reaction 
afforded an extremely low yield of the desired product and 
the complexity of the products increased dramatically 
Deketahzatlon and deacetylatlon of the above com- 
pounds followed by preparative TLC afforded pure, 
crystalline aflatoxm Ml, the identity of which was con- 
firmed by TLC comparison with a standard usmg three 
different solvent systems and a reaction with aflatoxm M 1 
antibodies (to be reported) 

A significant amount of materml was lost during the 
deketalvatlon and deacetylatlon steps and the overall 
yield of pure aflatoxm Ml from atlatoxm Bl was only 
0 03 % Serious problems were encountered m the punfi- 
cation of aflatoxm M 1 ketal acetate (6) as we were not able 
to convert all the colloidal red selenium to the black 
allotrope, for this reason, column chromatography 
proved meffectlve m removing traces of selenium and 
organoselemum compounds, we managed to overcome 
this problem, however, by performing three successwe 
preparative TLC punficatlons Safety conslderahons and 
hmltatlons did not allow the use of sophisticated tech- 
niques such as HPLC for the purdicatlon of our reaction 
intermediates and products 

EXPERIMENTAL 

To a solution of aflatoxin Bl (0 1788g, 0 573mmol) in dry 
C6H, (5 ml) was added ethylene glycol (0 354g,5 71 mmol) and 
p-toluenesulphons acid (0 038 g, 0 2 mmol), the mixture was 
heated under reflux for 12 hr with azeotroplc removal of H20, 
cooled to room temp and diluted with Et,0 (10 ml) The organic 
phase was washed with 5% bicarbonate (5 ml) and dned 
(Na,SO,), evapn of the solvent under red pres , purlficatlon of 
the residue by CC (slhca gel-60, CHCl,-MeOH, 19 1) and 
crystallvatlon afforded the ketal m 80% yield The structure was 
confirmed by MS 

A soln of Se02 m HOAc-Ac10 (1 1) (0016 g m 2 ml) was 
added dropwlse to a rapldly stirred soln of the ketal m the same 
solvent (0 05 g m 5 ml) The soln became mcreasmgly coloured as 
Se precipitated After the mmal reaction, the mature was heated 
at reflux for 12 hr, cooled and filtered with the addition of 
dlatomaceous earth m order to remove colloidal Se The mixture 
was dduted with CHCl, (10 ml), washed (H,O), dried and evapd 
under red pres to yield an oil, which was punfied by prep TLC 
(slhca gel-6O,lsopropanol-Me&C&CHCI,, 1 1 8) Three major 
products were obtamed, two of which were later characterized as 
the acetates of the ketals of atlatoxms Ml and Q, three successive 
pur&zatlons by prep TLC were reqmred m order to obtain pure 
samples of the three compounds, because of this, the yields of 
these compounds were small 

The ketal of &toxin Ml acetate (1 mmol) was dissolved m a 
murture of Ac,&THF-H,O (3 2 2, 10 ml) and stnred at 45” 
under N2 for 12 hr The mixture was cooled to room temperature, 
diluted with CHCl, (10 ml), washed (H,O) and dried Evapn of 
the solvent under red pres afforded a VISCOUS 011, which was 
putied by prep TLC (slhca gel-60, Isopropanol-Me2CCS 
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CHCI,, 1 1 8) The maJor product was found to be aflatoxrn 
Ml acetate, characterized by cochromatography with authentic 
matenal prepared via a different route Ailatoxm Q was also 
characterized by comparison with a standard 

The acetate was dissolved m dloxane (5 ml), the soln made 
alkahne (pH 8-9) with a saturated aq soln of Ba(OH)2, and 
heated at reflux for 2 hr After cooling, the product was taken up 
m CHCIJ, washed with 2 M HCI, 5 % NaHC03 and Hz0 The 
organic phase was dried, evapd under red pres and the residue 
purdied by prep TLC as above to afford pure, crystalhne 
aflatoxm Ml, the IdentIty of which was confirmed by co- 
chromatography with authentic materml and reactlon with 
afla:oxm Ml antIbodIes 
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