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ABSTRACT.—Treatment of deoxynivalenol {3} in MeOH with hypochlorite bleach con-
taining added NaOH gave rise to a single major product, the 9a,10a, 123, 13B-diepoxy-8,15-
hemiketal 4. Thus, the reaction followed a very different course from that observed for ver-
rucarol {2}, where rearrangement involving opening of the starting 12,13-epoxide and a
haloform-like oxidation took place.

Naturally occurring trichothecenes have attracted widespread actention due to their
biological and physiological properties, most notably toxicity and antileukemic activ-
ity, in man and animals (1-4). Our previous investigations of chemical transformations
of trichothecenes (5,6) were prompted by an observation that solutions resulting from
treatment of T-2 toxin with hypochlorite bleach containing added NaOH no longer
exhibited the characteristic properties of T-2 in a variety of biological assays (7). Thus,
alkaline hypochlorite was recommended as a decontamination reagent for T-2 and for
other trichothecenes, but the nature of the possible transformation products was not ad-
dressed. Our first product study (5) reported the isolation of two unusual pentacyclic
dichlorohemiketals {1a, 1b} formed in neatly quantitative yield from verrucarol {2],
which we had chosen as a similar but simpler Type A (8) prototype for T-2. The overall
reaction evidently involved several different processes: attack of solvent at C-9 resulting
in opening of the epoxide and formation of the C-10, C-13 bond (9), preferential oxida-
tion at C-4 (10) followed by a-chlorination in the manner of a haloform reaction, and
cyclization to the hemiketal. These transformation products were stable to the condi-
tions of their formation at room temperature, but, on heating with alkali, the major
product 1a underwent cleavage with rearrangement to a mixture of three C, 4 products
(6).

Deoxynivalenol {3} (DON, vomitoxin), recognized as perhaps the single most
economically significant trichothecene due to its frequent occurrence in infected corn
and cereal grains and its subsequent deleterious effects on livestock, has recently been
extensively investigated chemically (11-15) and biologically (16,17). The presence of
the C-8 carbonyl! function was found to promote facile rearrangement of 3 on mild

"Portions of this material were presented at the 193rd American Chemical Society National Meeting,
Denver, CO, April 1987; paper ORGN 182.
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treatment with alkali to a C, 5 lactone (13, 14) and a mixture of three C 4 products (14).
In this paper we have extended our investigation of hypochlorite-promoted transforma-
tions to 3 and report that the reaction follows a very different course from that observed

for 2 (5).
RESULTS AND DISCUSSION

In contrast to 2, which reacted slowly and required at least 20 h for conversion to
1a, 1b, only 2 h were required for complete consumption of the starting 3 in the pres-
ence of hypochlorite. Again in contrast to 2, the products obtained from 3 appeared un-
stable to the reaction conditions, and longer standing gave lower yields of more com-
plex mixtures. Unlike 1a, 1b, these products required derivatization for characteriza-
tion by gc/ms, and the predominant product, C,sH,,0-, was observed as a mixture of
trimethylsilyl and tetracrimethylsilyl ethers. Attempted purification by column
chromatography on Si gel resulted in complex mixtures of secondary transformation
products. A pure sample of the predominant product was obtained by virtue of its rela-
tive insolubility and facile crystallization from Me,CO.

The '>C- and 'H-nmr spectra observed for the predominant product (in MeOH) are
summarized in Table 1. Carbon multiplicities were determined from an APT experi-
ment (18) and a DEPT experiment (19); proton-proton coupling information was ob-
tained from a two-dimensional (2D) homonuclear chemical shift correlation experi-
ment (COSY) (20); and assignments of carbons with attached protons were facilitated
by a 2D heteronuclear chemical shift correlation experiment (21).

TABLE 1. '’C- and 'H-nmr Spectra of Major Transformation Product 4
13C Chemical Shift 'H Chemical Shift
Carbon No. (ppm)** (ppm)** J,Hz*
(Multiplicity) (Multiplicity)
14 14.8(q) 1.08(s) —
16 17.3(qQ) 1.35(s) —
5 44.3(s) — —
1.66 (dd) 4.8,14.4
4 45.5() 1.92 (dd) 10.9, 14.4
3.00(d) 4.4
13 4770 3.12(d) 4.4
6 53.9(s) — —
10 58.7 (d¥ 2.88(s)" —
12 65.5(s) — —
9 67.2(s) — —
3.39(d) 8.2
15 69.0(9 4.06(d) 8.2
3 69.9(d) 4.36(m) —
11 75.9(d) 4.48 (s) —_
7 77.0(d) 3.73(s) —
2 82.7(d) 3.51(d) 4.4
8 105.2(s) — —

*7.6 mg in CD;0D, sweep width 12 KHz, pulse width 4 psec (~43°), repetition

rate 3.79 sec.

th,lppm.

“Sweep width 2,600 Hz, pulse width 13.3 psec (~65%), repetition rate 6.5 sec.

4+0.01 ppm.

€+0.2 Hz.

fObserved at 1.88 for 3.
E0bserved at 138.6 for 3.
"Observed at 6.61 for 3.
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Comparison of these data with the published '*C and 'H assignments for 3 (22) re-
vealed some significant differences. Notably, the absence of >C resonances downfield of
105.2 ppm indicated transformation of both the C-8 carbonyl group and the C-9, C-10
double bond. Significantly, however, the presence of the two "H doublets at § 3.00 and
3.12 attached to C-13 demonstrated an intact 12, 13-epoxide. The upfield chemical
shift changes observed for C-10 and its attached proton (from 8 138.6and 86.61in 3 to
3 58.7 and 3 2.88, respectively, in the product) as well as for the C-16 protons (from &
1.881in3t0d 1.35 in the product) were consistent with the presence of a9, 10-epoxide.
In the one-dimensional (1D) "H spectrum coupling between H-10 and H-11 was too
small to measure, and the resonances at 8 2.88 and 8 4.48 were observed as singlets.
The COSY experiment, however, showed a small (<1 Hz) but reproducible coupling
between H-10 and H-11, in addition to the obvious geminal proton couplings at posi-
tions 13 and 15, and the H-3, H-4, H-4’ couplings. Thus, the 9a, 10a configuration
followed.

The new high frequency resonance at 8 105.2 and the substantial changes in chemi-
cal shifts and coupling constants observed for the C-15 protons (from 8 3.73 and &
3.89,J=11.61in 3 t0 d 3.39 and 8 4.06, J=8.2 in the product) were attributed to the
presence of a C-8, C-15 hemiketal. Thus, the predominant product can be assigned the
unique stereostructure 4.

In addition to confirming the assignment of carbons with attached protons, the
heteronuclear chemical shift correlation experiment revealed the resonance at & 47.7
due to C-13 which in the 1D '*C spectrum was obscured by the MeOH solvent. Assign-
ments of the two quaternary carbons bound to oxygen, C-9 and C-12, were made on the
basis of a selective decoupling experiment in which irradiation of the C-16 methyl pro-
tons resulted in sharpening of the resonance at 8 67.2, substantiating its assignment to
C-9.

While epoxidation of a,B-unsaturated ketones by hypochlorite is not exceptional
(23), this epoxidation of 3 is noteworthy for several reasons. 9, 10B-Epoxides of
trichothecenes ate the norm, as molecular models predict. They have been isolated from
plant sources (24,25), and, in one recent case, from a fungal source (26).2 They are the
major products of perbenzoic or m-chloroperbenzoic acid oxidation of naturally occur-
ring Type A (9,27) and macrocyclic (28-31) trichothecenes. In three cases, those of ver-
rucarin A (29), verrucarin J (31), and roridin H (31), 9, 10a-diepoxides were isolated
as minor products. For the latter two cases, ] 1, values of 2 Hz were reported, while
values for the 93, 10f3 compounds generally fell within the expected 5-6 Hz range.

%It is now generally believed that plants acquire trichothecenes from a fungal source; for a discussion
see B.B. Jarvis, S.N. Comezoglu, M.M. Rao, N.B. Pena, F.E. Boettner, T.M. Williams, G. Forsyth,
and B. Epling, J. Org. Chem., 52, 45 (1987).
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In addition to the unusual 9a, 10a configuration, diepoxide 4 is unique in two re-
spects. To our knowledge, it represents the first report of 9, 10 epoxidation of a Type B
(8) trichothecene, and to our knowledge 8,15 hemiketal formation is also without pre-
cedent.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURE.— '*C- and 'H-nmr and low resolution mass spectral in-
strumentation and parameters ate given in Burrows and Szafraniec (5). High resolution eims were deter-
mined with a VG Model 7070-EQHF instrument. Samples were treated 2 h at room temperature with
CHCI,-Tri-Sil TBT (1:1) (Pierce Chemical Co.) for derivatization prior to gc/ms analysis.

HYPOCHLORITE TREATMENT OF DEOXYNIVALENOL.—To0 a stirred, ice-cooled solution of 3 (50
mg, 0.17 mmol) (Research Foods, Ltd., Downsview, Ontario, Canada) in MeOH (5 ml) was added a 109
solution of NaOCl (50 ml, Robinson Chemical Co., Cambridge, MD) in which 1 g of NaOH had been
freshly dissolved. The mixture was stirred 2 hat room temperature, then cooled during neutralization with
6N HCI (4 ml), saturated with NaCl, and extracted with 3 portions of EtOAc (combined volume 120-150
ml). Evaporation of the dried (MgSO,) extracts yielded crude 4 (28.5 mg, 549 ) as a white solid” that was
purified by recrystallization from Me,CO. Characteristics of 4: dec. without melting 165-167°; hreims,
caled for CsH 005, m/z 312.1209, found 312.1231.
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