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Abstract—Aflatoxin M1, a potent carcinogenic metabolite of aflatoxin B1, was synthesized in four steps, from aflatoxm
B1 This reaction 1s of value because 1t yields larger quantities of this otherwise difficult to obtain compound for

chemical studies and toxicological evaluation

INTRODUCTION

Aflatoxins are a class of secondary metabolites of fungal
ongin, which are very potent carcinogens and mutagens
They are produced by various molds 1n foods and feeds
under specific conditions of temperature and humidity
Aflatoxins B and G, produced by Aspergillus species,
are common contaminants 1n corn, peanuts, cot-
tonseed and a range of other grains, nuts and cereals Since
the recognition of the disastrous effects these compounds
have on animals and humans [[1-4], much effort has been
directed 1nto research for the detection and detoxification
of these compounds Research is also active on the
toxicology and chemistry of the aflatoxins as well as on the
elucidation of the mechanism of their carciogenicity,

mutagenicity and toxicity Aflatoxin B1 (1) 1s the primary
toxic metabolite of Aspergillus flavus and A parasiticus, 1t
can easily be produced 1n culture in fairly large quantities
[S, 6] The same applies to aflatoxins in the G group (2, 3)

In the case of the M group of toxins (4), however, this 1s
not the case Aflatoxin M1 was first detected 1n the milk of
cows fed affatoxin B1 contaminated corn and peanut meal
[7,8] Although 1ts acute toxicity has been established [9],
the most important questions concerning its carcino-
genicity remain unanswered because only minute quan-
tities of this metabolite have been available for study This
fact, coupled with the expense of purchasing even minute
amounts of aflatoxin M1, and our desire to develop an
assay for the detection of aflatoxin M1 1n milk and milk
products, prompted us to investigate the feasibility of the
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Fig 1 Conversion of aflatoxin Bl to aflatoxin M1
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Fig 2 Aflatoxin structures 1, B, 2, G1, 3, G2, 4a, M1, 4b, M2, 7, Q

chemical conversion of affatoxmn Bl to aflatoxin M1
Buchi and Weinreb [10] described an elegant but very
long synthesis of aflatoxin M1, starting from 4,6-
dihydroxycoumaran-3-one The most common source of
the toxin 1s Aspergillus flavus, this strain 1s one of the best
producers of the compound, yielding 28-30 mg/100 ml of
medium [11]

RESULTS AND DISCUSSION

Our mniti1al attempts focused on the direct conversion of
aflatoxin Bl to aflatoxin M1 using selentum dioxide
oxidation because of the specificity of this reagent in
allylic oxidations This oxidation, however, afforded a
complex mixture of products when carried out 1n acetic
acid-acetic anhydnide, ethanol, dioxane or tetrahydro-
furan, the usual selemum dioxide oxidation solvents
None of these products corresponded to either aflatoxin
M1 or aflatoxin M1 acetate, prepared by direct acetylation
of a standard We attributed this complexity to the fact
that aflatoxin Bl possesses a number of reactive sites
which would be prone to oxidation

We decided therefore to include a protection/deprotec-
tion sequence in our reaction sequence in order to
overcome the problem of multiple reactive sites The
cyclopentenone moiety in aflatoxin Bl was protected as
the ketal (5), using standard conditions (ethylene
glycol-p-toluenesulphonic acid, with azeotropic removal of
water) The ketal was purified by column chromatography
and characterized by mass spectroscopy Aflatoxin Bl
ketal was subjected to selenium dioxide oxidation under a
variety of conditions (solvents, concentration and tem-
perature) We found that when the reaction was per-
formed 1n acetic acid—acetic anhydnide, we obtained a
muxture of three compounds, two of which were later
characterized as aflatoxins M1, and Q (7) acetates, after
deketalization, the ratio of these compounds was 3 1 We
noticed that the punty of the reagent was extremely
mmportant for this conversion Use of selentum dioxide
which had not been resublimed prior to the reaction
afforded an extremely low yield of the desired product and
the complexity of the products increased dramatically
Deketalization and deacetylation of the above com-
pounds followed by preparative TLC afforded pure,
crystalline aflatoxin M1, the identity of which was con-
firmed by TLC comparison with a standard using three
different solvent systems and a reaction with aflatoxin M1
antibodies (to be reported)

A significant amount of material was lost during the
deketalization and deacetylation steps and the overall
yield of pure aflatoxin M1 from aflatoxin Bl was only
0039 Serious problems were encountered 1n the purifi-
cation of aflatoxin M1 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 neffective in removing traces of selenium and
organoselentum compounds, we managed to overcome
this problem, however, by performing three successive
preparative TLC purifications Safety considerations and
limitations did not allow the use of sophisticated tech-
mques such as HPLC for the purification of our reaction
intermediates and products

EXPERIMENTAL

To a solution of aflatoxin B1 (01788 g, 0 573 mmol) in dry
CsHg (5 ml) was added ethylene glycol (0 354 g, 5 71 mmol) and
p-toluenesulphonic acid (0038 g, 02 mmol), the mixture was
heated under reflux for 12 hr with azeotropic removal of H,0,
cooled to room temp and diluted with Et,O (10 ml) The organic
phase was washed with 59 bicarbonate (Sml) and dned
(Na;SO,), evapn of the solvent under red pres, purification of
the residue by CC (silica gel-60, CHCl,—MeOH, 19 1) and
crystallization afforded the ketal in 809 yield The structure was
confirmed by MS

A soln of SeO, i HOAc-Ac,O (1 1) (0016 g in 2 mi) was
added dropwise to a rapidly stirred soln of the ketal in the same
solvent (0 05 g in 5 ml) The soln became increasingly coloured as
Se precipitated After the imtial reaction, the mixture was heated
at reflux for 12 hr, cooled and filtered with the addition of
diatomaceous earth in order to remove coiloidal Se The mixture
was diluted with CHCl; (10 ml), washed (H;0), dried and evapd
under red pres to yield an oil, which was punfied by prep TLC
(silica gel-60, 1sopropanol-Me,CO—CHCl,, 1 1 8) Three major
products were obtamned, two of which were later characterized as
the acetates of the ketals of aflatoxins M1 and Q, three successive
purifications by prep TLC were required 1n order to obtain pure
samples of the three compounds, because of this, the yelds of
these compounds were small

The ketal of aflatoxin M1 acetate (1 mmol) was dissolved n a
mixture of Ac,O-THF-H,0 (3 2 2, 10 ml) and stirred at 45°
under N, 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 o1, which was
purified by prep TLC (silica gel-60, isopropanol-Me,CO-
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CHCl;, 1 1 8) The major product was found to be affatoxin
M1 acetate, characterized by co-chromatography with authentic
materal prepared via a different route Aflatoxin Q was also
characterized by comparison with a standard

The acetate was dissolved in dioxane (5 ml), the soln made
alkaline (pH 8-9) with a saturated aq soln of Ba(OH),, and
heated at reflux for 2 hr After cooling, the product was taken up
in CHCl;, washed with 2 M HCI, 59, NaHCO; and H,O The
organic phase was dried, evapd under red pres and the residue
purified by prep TLC as above to afford pure, crystalline
aflatoxin M1, the identity of which was confirmed by co-
chromatography with authentic matermal and reaction with
aflatoxin M1 antibodies
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