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Tritium-labeled T-2 toxin [43,15-diacetoxy,8a-(3-methylbutyryloxy)-3a-hydroxy-12,13-epoxytricho-
thec-9-ene] was synthesized using a two-step process. First, the C-3 hydroxyl was oxidized to a ketone
using either chromium trioxide—pyridine or dimethyl sulfide-N-chlorosuccinimide complex. In step
two, the ketone was reduced with either tritiated sodium cyanoborohydride or tritiated sodium bo-
rohydride to a mixture of epimers which were separable by thin-layer chromatography. The « epimer
(naturally occurring T-2 toxin) was formed predominantly, i.e., a to 8 ratio was 4 to 1. Final reduction
with tritiated sodium borohydride yielded [3-*H]T-2 toxin in 23% yield with a specific activity of 790
mCi/mmol. The labeled product, when equilibrated with 0.01 N HCI, did not lose the tritium, indicating
that no labile tritium was incorporated into T-2 toxin. Further, the oxidation of [3-*H]T-2 toxin resulted

in total loss of activity in the corresponding ketone.

The metabolites of species of Fusarium are commonly
found in foodstuff and are prominent because of their
association with cases of mycotoxicoses of humans and
animals. One such metabolite, T-2 toxin (1) [48,15-di-
acetoxy,8a-(3-methylbutyryloxy)-3a-hydroxy-12,13-ep-
oxytrichothec-9-ene] has been implicated as a mycotoxin
responsible for the hemorrhagic syndrome and death of
dairy cattle (Hsu et al., 1972). T-2 toxin causes an extreme
dermal necrosis in most animals and is also one of the most
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potent inhibitors of protein synthesis in eucaryotic cells
(Wei et al., 1974).

Our primary intesest was to prepare radiolabeled T-2
toxin with sufficient specific activity to enable us to study
its metabolism in various animal species. We considered
two basic methods of incorporating radicactive elements
into T-2. One route was biosynthesis of 1 by feeding
labeled precursors such as mevalonic acid (Jones and Lowe,
1960; Achilladelis and Hanson, 1972), farnasyl pyro-
phosphate (Evans et al., 1973), and trichodiene (Machida
and Nozoe, 1972) to actively metabolizing cultures of
Fusarium. Although the biosynthesis of radiolabeled T-2
toxin appears simple, it is time consuming, expensive, and
results in a product with a relatively low specific activity.



SYNTHESIS OF RADIOLABELED T-2 TOXIN

Table I. Chemical Shifts® of Protons (ppm) in '"H NMR Spectra of T-2 Toxin and Diacetoxyscirpenol and Their

Dehydro Derivatives

Positions
Compound 2 3 4 13
T-2 toxin® 3.48, D (5) 1M 5.47, D (2.5) 2.70, 2.97, AB (4)
Diacetoxyscirpenol® 3.690 (5) .1 5.20, D (3) 2.78, 3.06, AB (4)
3-Dehydro-T-2 toxin 3.41, S 6.01, S 2.89, 3.07, AB (4)
3-Dehydrodiacetoxyscirpenol 3.54, S 6.00, S 2.97, 3.18, AB (4)

¢ Chemical shifts are relative to tetramethylsilane as an internal standard. Coupling constants are in the parentheses.
b Data from Bamburg and Strong (1971). ¢ Data from Sigg et al. (1965).

This prompted us to examine an alternative method,
namely, oxidation of the secondary hydroxyl of 1 to a
ketone 3 which could then be reduced to an epimeric
mixture of 1 and 2 by a tritiated metal hydride. The latter
transformations are often simple and result in high yields
and specific activity.
RESULTS AND DISCUSSION

Oxidation of secondary alcohols of 12,13-epoxytricho-
thecenes by Jones reagent (Bowers et al., 1953) in acetone
has been reported earlier (Sigg et al., 1965; Bamburg and
Strong, 1971); however, this reagent was not satisfactory
in our tests because it caused extensive rearrangement and
hydrolysis of the T-2 toxin. The treatment of 1 with a

H H

A2
1 L o —OCOCHZCH(CH3)2
/OH
2 <o —OCOCHZCH(CH3) )
3 =0 -OCOCHZCH(CHB) )
4 s H
" OH
5 =0 H
2
6 - on ~0COCH,CH(CH,) ,
7 <3

chromium trioxide-pyridine complex (Poos et al., 1953)
in methylene chloride gave the desired ketone 3 in 80%
yield; however, the reaction was rather sluggish, requiring
72 h for completion at room temperature and isolation of
the product was tedious. Oxidation with pyridinium
chlorochromate (C;H;NCrO;Cl) as reported by Corey and
Suggs (1975) was attempted. The reaction was carried out
in methylene chloride in the presence of sodium acetate
for 30 min and produced 3 in 50% yield as determined by
GLC; a longer reaction time did not improve the yield.
The reaction in the absence of sodium acetate was too
sluggish to be synthetically useful. Finally, the complex
of dimethyl sulfide-N—chlorosuccinimide (Corey and Kim,
1972) was found to be a suitable oxidant for T-2 toxin. The
complex oxidized 1 to 3 (3-dehydro-T-2 toxin) in 94% yield
in 2 h,

3-Dehydro-T-2 Toxin. The mass spectrum of the
isolated product (presumably 8-dehydro-T-2 toxin) showed
a weak molecular ion at m/e* 464, a significant loss of
acetoxyl, acetic acid, and isovaleric acid similar to that of
T-2 toxin. The product yielded O-methyloxime when

reacted with methoxyamine hydrochloride, the mass
spectrum of which displayed a strong molecular ion at
m/e* 493 and significant fragments at m/e* 462, 433, and
391 due to loss of OCH;, CH;COOH, and (CH,),CHC-
H,COOH, respectively. The comparison of 'H NMR
spectra (Table I) of 3 with that of 1 indicated that the
doublets due to C-2 and C-4 protons at 3.48 and 5.47 ppm
of 1 had collapsed to singlets at 3.41 and 6.01 ppm, re-
spectively, in the oxidized product. Also, the signals due
to C-3 proton of 1 disappeared upon oxidation to 3. The
other '"H NMR spectral features in 1 and 3 were almost
identical, indicating 3 is 8-dehydro-T-2 toxin. Similar
observations were noted when diacetoxyscirpenol 4 was
oxidized to 3-dehydrodiacetoxyscirpenol 5 (Sigg et al.,
1965).

The ketone 3 also reacted quantitatively with N,O-
bis(trimethylsilyl)acetamide, a trimethylsilyl (Me,Si)
donor, and with N-methylbis(trifluoroacetamide) to form
Me;Si—enol ether and enol trifluoroacetate, respectively.
These observations coupled with the fact that the isolated
ketone 3 exhibited an extensive tailing effect on TLC
indicated that the ketone 3 is highly enolizable; however,
we were unable to observe the enolized form of 3 in CDCl,
by 'H NMR.

Reduction with NaBH;CN. Preliminary results in-
dicated that the ketone 3 can be reduced in fair yields
(60%) to the epimeric mixture of T-2 toxin (1 and 2). The
gas chromatographic analysis of the mixture indicated that
the o epimer (identical with naturally occurring T-2 toxin)
was formed predominantly and that the epimeric distri-
bution of o to 8 was 4 to 1. The mixture was then resolved
on TLC. Reduction of the ketone 3 with NaB*H,CN (sp
act. 22 uCi/mM) gave the desired epimer 1 with a specific
activity of 21.3 uCi/mM.

Reduction with NaB°H,. Attempts to prepare
NaB®*H,;CN with a higher specific activity (~10 Ci/mM)
according to the procedure of Borch et al. (1971) were
unsuccessful. Therefore, the reduction with sodium bo-
rohydride was evaluated in the hope that NaB*H, (sp act.
10 Ci/mM) available from the commercial source would
vield the labeled toxin 6 in sufficiently higher yields and
greater specific activity. The reduction of 3 occurred in
fair yields, but it was noted that the rate of hydrolysis of
NaBH, in methanol was too high and tended to decrease
the net incorporation of tritium into the molecule 1.
Reduction under alkaline conditions was avoided since the
starting material 3 and the product 1 are easily hydrolyzed
in base. The use of ethanol did not increase the specific
activity of the T-2 toxin but reduction in isopropanol
seemed a suitable alternative. The reaction in isopropanol
at 38 °C yielded the desired epimer in 23% yield with a
sp act. of 790 mCi/mmol.

EXPERIMENTAL SECTION

Oxidation of T-2 Toxin to 3-Dehydro-T-2 Toxin.
Dipyridine—Chromium(VI) Complex. A solution of T-2
toxin (3.1 mg) in 1 mL of dry methylene chloride was
added, with stirring, to a 5% suspension of dipyridine-
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chromium(VI) complex in 2 mL of dry methylene chloride
at room temperature. The mixture was stirred for 66 h,
diluted with 5 mL of methylene chloride, and washed with
water, followed by 0.1 N hydrochloric acid. The methylene
chloride layer was dried over anhydrous sodium sulfate.
Gas chromatographic analysis of this layer indicated a
single product. Evaporation of the solvent yielded 2.5 mg
(80%) of the ketone 3. Caled for CoiH3,04; mass spectrum,
m/e* 464,

Dimethyl Sulfide—-N-Chlorosuccinimide. Dimethyl
sulfide (0.14 mL, 1.4 mmol) was added to a stirred sus-
pension of 133 mg (1.0 mmol) of N-chlorosuccinimide in
10 mL of dry toluene at 0 °C under dry nitrogen. A white
precipitate appeared immediately after the addition of
dimethyl sulfide. The mixture was cooled to —25 °C
(CCly—dry ice) and a solution of 300 mg (0.64 mmol) of T-2
toxin in 8 mL of toluene was added dropwise. The stirring
was continued for 2 h and then a solution of 101 mg (1.4
mmol) of Et;N in 0.5 mL of toluene was added dropwise.
The cooling bath was removed and after 5 min, 20 mL of
diethyl ether was added. The organic layer was washed
with 10 mL of 0.1 N HCI and twice with 15 mL of water.
Evaporation of the dried organic layer yielded 285 mg of
gum (96% yield). Analysis by GLC and mass spectra and
NMR indicated the product was 3-dehydro-T-2 toxin.
Attempts to crystallize the ketone were unsuccessful. The
compound deteriorated slowly during storage.

O-Methyloxime. The methyloxime of 3 was prepared
as described by Mirocha et al. (1974) for zearalenone. The
GLC analysis indicated almost quantitative conversion to
the oxime. Caled for Cy5H;;04N; mass spectrum, m/e*
493.

Reduction of 3-Dehydro-T-2 Toxin. A. NaB*H;CN.
The tritiated sodium cyanoborohydride was prepared from
*H,0 as described by Borch et al. (1971). The sp act. was
0.35 uCi/mg. Reduction of 15.3 mg (33.6 mol) of 3 with
2.17 mg (34.4 umol) of NaB*H;CN gave tritiated T-2 toxin
6 (a epimer) in 11% yield with a sp act. of 21 pCi/mmol
(0.046 uCi/mg). The product had a mass spectrum and
R; value by TLC identical with those of an authentic
sample of T-2 toxin.

B. NaB’H,. Tritiated sodium borohydride (14 umol,
100 mCi) was weighed into a one dram vial containing a

stirring bar and 27 mg (58 umol) of the ketone 3 in 1.2 mL
of isopropanol. The reaction mixture was diluted with 4
mL of chloroform and washed with 3 mL of 0.3 N HCL
The aqueous layer was extracted with 3 X 4 mL of
chloroform, and the chloroform layers were dried and
evaporated to dryness. The naturally occurring « epimer
was separated from the 8 epimer by successive thin-layer
chromatography in 95:5 CHCl;—ethanol. Nonradioactive
T-2 toxin (13.1 mg) was added after the initial chroma-
tographic step to aid in complete recovery of the tritiated
T-2 toxin. The 3-[°*H]T-2 toxin was obtained in 23% yield
with a specific activity of 790 mCi/mmol.
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Metabolites of Alternaria alternata: Ergosterol and

Ergosta-4,6,8(14),22-tetraen-3-one

Larry M. Seitz’ and Joseph V. Paukstelis

Ergosterol and ergosta-4,6,8(14),22-tetraen-3-one (ETQ) were identified as metabolites of Alternaria
alternata isolates from sorghum grain and wheat. Ergosterol contents ranged from 40 to 330 ug/g and
ETO from 1.8 to 6.6 ug/g in 21-day cultures from 4 isolates of A. alternata as determined by high pressure
liquid chromatography. The compounds were identified by thin-layer chromatography, and by ultraviolet,
infrared, mass, and nuclear magnetic resonance (proton and carbon-13) spectroscopy. Carbon-13 magnetic
resonance spectra of these metabolites are presented.

Although ergosterol is considered to be a metabolite
common to all fungi (Weete, 1974), its production by
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Alternaria brassicicola, A. kikuchiana, and A. alternata
(Fries) Keissler (formerly A. tenuis Auct.) was reported
only recently (Aizina et al., 1974; Starratt, 1976). We add
further evidence for production of ergosterol by Alternaria,
specifically A. alternata isolated from sorghum grain and
wheat.

We also report the first evidence for production of
ergosta-4,6,8(14),22-tetraen-3-one (ETO) by Alternaria



