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ABSTRACT

Due to its toxicity and presence in numerous food products, Ochratoxin A (OTA) has drawn attention for decades. This article summarizes the first
synthesis of a labeled analogue of OchratoxinR (OTR), one of the main products generated by themetabolization of OTA bymicroorganisms. This
synthesis also led to a new labeled analogue of OTA with the deuteration located on the dihydroisocoumarin moiety allowing thus both the
accurate quantification of OTA and OTR and the establishing of a reliable detoxification rate.

The mycotoxin Ochratoxin A (OTA) (1, Figure 1) was
first isolated by van derMerwe et al. in 1965 from a South
African culture ofAspergillus ochraceus grown on a sterile
maize meal.1 In 1992, Marquardt and Frohlich assessed
the general toxicity of this toxin.2 Since, OTA has drawn
the attention of the International Agency for Research on
Cancer and belongs to the group 2B.3

OTA has been consequently classified as a possible
human carcinogenic substance and presents also many

toxic effects on animals such as carcinogenicity in mice
and rats kidneys and livers, hepatotoxicity, teratogenicity,
immunosuppressivity, and nephrotoxicity.4�7

This mycotoxin can contaminate different food pro-
ducts such as coffee, wheat, grapes, and wine.8,9 The
presence of OTA in wine is mainly due to the fungal
contamination of grapes by Aspergillus carbonarius, and
the occurrence depends on its geographic origin and on the
type of wine.10,11
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The synthesis of the four diastereoisomers of OTA has
been described in order to assess the cytotoxicity of each
chiral compound separately.12 Another publication de-
scribes the synthesis of natural and d5-OTA with the
deuteration on the phenylalanine moiety.13

As contamination of crops by Aspergillus sp. is difficult
to avoid, due to the lack of infestation predictive models,
the food industry is looking for curative tools.
In wine, different ways of detoxification have been

described, either by physical, chemical, or microbiological
means.14 The problem remains to determine the structure
and the potential toxicity of the degradation products. For
thermal processes, such as in coffee, OTA was reported
to be transformed into 14-(R)-OTA by isomerization
and 14-decarboxy-OTA by decarboxylation, both less
toxic.15 For microbiological processes, not only some
industrial yeast strains but also lactic acid bacteria or
filamentus fungi are able to degrade OTA into ochratoxin
R (OTR),14,16,17 which is less toxic.18,19 But it cannot be
excluded that other potentially toxic degradation products
could be produced according to amicrobiological process.
Abrunhosa et al. described the two main metabolization
pathways involved for OTA when using microorganisms.
The first is the transformation of OTA into OTR which
represents a detoxification process because OTR is much
less toxic.20 The second main product is the compound
obtained after hydrolysis of the OTA lactone ring, but this
resulting opened-lactone molecule showed a high in vivo
toxicity.18

Thus, labeled OTR together with OTA could be of
interest to establish a precise quantification of the hydro-
lysis rate of the amide bond between phenylalanine and
OTR. By extension, this quantification of both OTA and
OTR after a microbiological process could represent a
reliable method for the determination of a real detoxifica-
tion rate since it is not only the disappearance of OTA
which will be studied but also the formation of the non-
toxic metabolization product, OTR.
In order to perform these quantifications accurately,

Stable Isotope Dilution Assay appears as a good alter-
native, and thus, syntheses of deuterated OTA and OTR
are required for their use as internal standards.

Our study presents the synthesis of natural OTA (1,
Figure 1) and of a new isotope d4-OTA (2, Figure 1),
with the deuteration located on the dihydroisocoumarin
moiety. We also describe the first synthesis of d4-OTR
(3, Figure 1)which couldbe used for degradation studies as
mentioned above.
The synthesis of OTA was previously described using

Covarrubias�Z�u~niga’smethod,21which involves a reaction
between the sodium salt of dimethyl 3-oxopentanedioate
and but-2-ynal. We chose to synthesize the diethyl ester 5
instead of the dimethyl ester via Antus et al.’s method.22

Thus, the potassium salt was prepared by alkali-catalyzed
cleavage of 4,4-dimethoxybutan-2-one 4 which was then
reacted with diethyl 3-oxopentanedioate to afford 5.
Then, following Cramer et al.’s synthesis and as shown in
Scheme 1, the condensation step with acetaldehyde led
to the intermediate 6 as an enantiomeric mixture in high
yields.12 Racemic OTR 7 was prepared by chlorination and
saponification of 6.
To achieve the synthesis of OTA 1 from OTR 7, the next

step was the introduction of a phenylalanine moiety
(Scheme 1). Among all the conditions tested, including
BOPandHATUascouplingagents, theuseofoxalyl chloride
appeared to be the most efficient for coupling OTR 7 with
L-phenylalanine tert-butyl ester.23,24 The tert-butyl groupwas
then removed using TFA.25 This deprotection step led to a
mixture of natural OTA 1 and its diastereoisomer 10.

Figure 1. Natural OTA (1), d4-OTA (2), and d4-OTR (3).

Scheme 1. Synthesis of Natural OTA 1 and Its Diastereoisomer 10
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As shown in Scheme 2, it should be noted that HPLC
and LC/MS monitorings showed that the saponification
step was actually a disaponification, and the lactone 7
was reformed under acidic conditions. Indeed, while the
chlorinated intermediate 8 presents a retention time of
2.01 min, we obtained, after lithium hydroxide addition
and ammonium chloride neutralization, the opened lac-
tone form 9 of OTR with a retention time of 1.19 min
([MHþ] = 275.1), which led to compound 7 ([MHþ] =
257.2) with a retention time of 1.48 min under acidic
conditions. Compound 9 unfortunately could not be pur-
ified by silica column because of its high polarity or by
preparative HPLC because of its instability under acidic
conditions.
Using the appropriate labeled reagent, the same pro-

cedure was used to prepare d4-OTR 3 and d4-OTA 2 as a
mixture of deuterated enantiomers and diastereoisomers
respectively. Those three compounds were fully character-
ized after separation of d4-OTA diastereoisomers.

A separation of the nondeuterated diastereoisomers
on preparative HPLC allowed us to isolate (�)-OTA 1
(natural form).
Since (þ)-OTA does not occur in food products, the

mixture of deuterated diastereoisomers can be directly
used as an internal standard for OTA quantification in
wine samples upon the condition that the same diastereo-
meric mixture be used for calibration. The analysis study
of wine samples was based on LC/MS. Using a mixture of
deuterated diastereoisomers, we observed an overlapping
of (�)-OTA and one of the diastereoisomers of d4-OTAby
liquid chromatography. But since the quantification was
determined bymass spectrometry, the detection was based
on the 4 Da shift in the molecular mass corresponding to
the introduction of four deuteriums.
In conclusion, we designed a synthetic pathway that led to

both d4-OTR and d4-OTA. We achieved the synthesis of a
new labeledanalogueofnaturalOTAbearing thedeuteration
on the dihydroisocoumarin moiety of the molecule, opposite
to phenylalanine. In addition, our strategy allowed us to
produce for the first time a labeled analogue of OTR, which
can be used for establishing a reliable detoxification rate.

Acknowledgment. Raymond Baumes (INRA) is kindly
thanked for helpful discussions at the beginning of the
study. FranceAgriMer andR�egionLanguedocRoussillon
are thanked for their financial support.

Supporting Information Available. Experimental pro-
cedures for the preparation of natural and deutarated
OTAand characterizations. Thismaterial is available free
of charge via the Internet at http://pubs.acs.org.

Scheme 2. Saponification Step
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