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SYNTHESIS AND NMR ANALYSIS OF NEW
NATURAL TRICHOTHECENES!

MARCE. SAVARD* and ROY GREENHALGH

Plant Research Centre, Agriculture Canada, Ottawa, Ontario, Canada, K1A 0C6

The fungal species Fusarium graminearum,
Fusarium moniliforme, and Fusarium
sporotrichioides commonly infest grains,
which can lead to the contamination of
crops with a variety of mycotoxins. The
major metabolite produced on culturing
a Canadian isolate of F. sporotrichioides
was T-2 [4a] (Table 1); in addition,
some 16 minor compounds were isolated
(1). The '*H-nmr and mass spectral data
for three of these minor metabolites (=1

()

mg) suggested that they were analogs of
T-2 toxin {4c, 4d, and 4e], differing
only in substitution at C-8. The produc-
tion of T-2 and other trichothecenesona
large scale for biological assay enabled
their use as templates for chemical mod-
ification and the characterization of 4c,
4d, and 4e.

The synthesis of the three analogs is
shown in Figure 1. Neosolaniol {1} was
acylated with the appropriate acid
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FIGURE 1. (i) RCOCI, pyridine, CH,Cl,, room temperature, overnight; (iiy HCI/MeOH (1: 100), room
temperature, overnighe; (iii) NH4OH/MeOH, room temperature, 4 h; (iv) AcCl, pyridine,

CH,Cl,, room temperature, overnight

'PRC contribution no. 1038.

%For the sake of simplicity, compounds were
numbered in series. For instance, 2d, 3d, 4d,
and 5d all have an isobutyryl substituent at C-8
and are part of the same synthetic sequence. As a
consequence, some numbers are not found in the
data because the corresponding compounds were
not made; e.g., 2a corresponds to 3-isovaleryl-T-
2, which was of no synthetic use.

chloride and pyridine in CH,Cl, (2) to
yield the intermediates 2.° In addition
to the desired propionyl, butyryl, and
isobutyryl groups, three other acyl
groups, i.e., acetyl, wvaleryl, and
trimethylacetyl, were used to comple-
ment the series. For compounds with
straight-chain acyl groups, overnight
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hydrolysis with 1% conc. HCl in MeOH
yielded a mixture (ca. 2:1) of the desired
product 4 and the HT-2 analog 3. For
the branched-chain compounds such as
2d and 2g, this mild acid treatment in-
duced hydrolysis at the 4-position in-
stead of the 3-position due to steric hin-
drance. In this case, hydrolysis was car-
ried through to the diols 3 using equal
volumes of MeOH and 2M NH,OH for
4 h in a modification of a published
method (3). Acetylation of these diols
followed by acid hydrolysis yielded the
desired product mixture of 4 and 3. In
the case of the trimethylacetyl analog
4g, acetylation was incomplete even
after 5 days; however, the product was a
mixture of the di- and mono-acylated
neosolaniols 2g and 6g, respectively,
and the desired 4g, thus eliminating the
need for further reaction.

The 'H-nmr data for the various
trichothecene intermediates and prod-
ucts 2 to 6 are given in Table 1. The
chemical shifts of protons common to
each set of compounds (e.g., 2a to 2i)
are virtually identical, except when the
acyl group at C-8 is branched. The ex-
tent of branching at the carbon atom o
to the carbonyl affects some chemical
shifts. For instance, although the H-8
chemical shifts are constant, the reso-
nances of the H-7 methylene protons
change significantly. The 7a-proton re-
sonance moves upfield (<0.25 ppm)
while that for the 7-proton moves only
slightly downfield (<0.08 ppm). The
H-4 chemical shifts are also affected, by
as much as 0.30 ppm. Both the 'H-nmr
and mass spectral data of 4c, 4d, and 4e
were identical to those of the compounds
isolated from F. sporotrichioides, thus
confirming the assigned structures.

As further structural proof, the
isomer of 4C having an acetyl moiety at
C-8 and a propionyl at C-4 was synthe-
sized by propionylation of 3b followed
by acid hydrolysis to give 4h. The 'H-
nmr data for 4h differed from those of
the naturally occurring 4c, especially
the acetate resonances. The methy! pro-
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ton resonances for the C-15 acetate in 4
occur at 2.00-2.03 ppm, the C-4 acetate
at 2.11-2.14 ppm, and the C-8 acetate
at 2.00-2.02 ppm.

Corley et a/. (4) proposed structure 4i
for 2 new trichothecene isolated from F.
sporotrichioides based on nmr data. Its in-
terest lies in the fact that it has a C-4
propionyl moiety. We synthesized this
compound by NH,OH hydrolysis of T-
2 toxin to yield 3a, propionylation to
yield 2i, and, finally, acid hydrolysis to
yield the proposed compound 4i. The
nmr spectral data indicated that the as-
signed structure was correct.

The *C-nmr spectra of all new T-2
analogs 4b-4f had chemical shifts vircu-
ally identical to those of T-2 except for
the 8-acyl moieties which were: 4b:
20.9, 170.7 (C=0); 4c: 9.0, 27.7,
174.1 (C=0); 4d: 18.5, 19.0, 34.1,
176.7 (C=0); 4e: 13.6, 18.4, 36.3,
173.4 (C=0); 4f: 13.5, 22.2, 26.9,
34.2, 173.5 (C=0); 4g: 26.9, 38.8,
178.1(C=0).

The compounds 3c¢-3e, which are
analogs of HT-2 {3a] and correspond to
compounds 4¢, 4d, and 4e, were also
synthesized. Although these compounds
are potential metabolites of F. sporo-
trichioides a search of the gc/ms spectra of
crude fungal extracts of liquid cultures
failed to detect them. This could be at-
tributed to the predominant formation
of acetylated products such at T-2 and its
analogs in liquid culture,

EXPERIMENTAL

GENERAL TECHNIQUES.—'H-nmr spectra
were recorded at 250 MHz on a Bruker WM250
spectrometer. Spectra were acquired with 16 K
data points, 2 2200 Hz spectral window, 60°
pulses, and an 8s repetition rate. Chemical shifts
are referenced to residual CHCI; at 7.24 ppm and
reported (ppm) relative to TMS. All 'H-nmr data
are shown in Table 1. Mass spectra were obtained
on either a Finnigan MAT 312 mass spectrometer
or a Finnigan MAT 4500 gc/ms system. Accurate
mass measurements were determined by peak
matching with an ion in the spectrum of per-
fluorokerosene.

PREPARATION OF DIACYL-NEOSOLANIOLS
[2].—A solution of neosolaniol {1} (20 mg, 52
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pmmol), pyridine (34 w1, 8 eq.), and the appropri-
ate acid chloride (10 eq.) in CH,Cl, (2 ml) was
stirred overnight under N, at room temperature.
The solution was then washed with saturated
aqueous NaHCO; followed by brine, dried over
Na,SO,, and concentrated. The product was
chromatographed on Si gel (3 g) with EtOAc-
hexane (1:1 or 1:3, depending on the size of the
acyl groups). Yields were quantitative.

ACID HYDROLYSIS TO 4.—Compounds 2 or 5
were treated in the same manner. For instance, 2C
(13 mg, 26 pwmol) was stirred overnight at room
temperature in a 100:1 solution (1 ml) of MeOH
and conc. HCI. The solution was then neutralized
with NaOMe (8 mg) and concentrated. The re-
sidue was partitioned between H,O and EtOAc.
The organic phase was washed with brine, dried
over Na,SOy, concentrated, and chromarog-
raphed on Si gel (3 g) with EtOAc-hexane (1:1)
followed by EtOAc. Some starting marerial was
recovered (4.5 mg) followed by the desired prod-
uct 4¢ (4.5 mg) and the further deacetylated 3¢
(3 mg).

Ms data for compounds 4: 4b caled for
C,H, 40y 424.1733, found: 424.1749; 4¢
caled for C,H;,04: 438.1889, found:
438.1926; 4d caled for Cy3H;3,0,: 452.2046,
found: 452.2064; 4e caled for C,3H;,04:
452.2046, found: 452.2051; 4f caled for
C,4H340,: 466.2202, found: 466.2203; 4g
caled for C,4H;40,: 466.2202, found:
466.2220; 4h caled for C,,H;,0,: 438.1889,
found : 438. 1830.
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BASE HYDROLYSIS TO 3.—Example: A solu-
tion of 2d (19 mg) in MeOH (2 ml) and aqueous
NH4OH (2M, 2 ml) was stirred at room tempera-
ture for 4 h, concentrated to V2 volume, and ex-
tracted with EtOAc (3 X2 ml). The organic phase
was washed with brine, dried over Na,SO;, and
concentrated. Chromatography on Si gel (3 g)
with EtOAc yielded 3d (7.5 mg).

ACKNOWLEDGMENTS

The authors are grateful for the helpful discus-
sions provided by Dr. B.A. Blackwell, PRC, and
wish also to thank NSERC for the awarding of a
visiting fellowship in a Canadian laboratory (to
M.E.S).

LITERATURE CITED

1. R. Greenhalgh, B.A. Blackwell, M. Savard,
J.D. Miller, and A. Taylor, J. Agric. Food
Chem.. accepted for publication.

2. T. Kaneko, H. Schmitz, J.M. Essery, W.
Rose, H.G. Howell, F.A. O'Herron, S.
Nachfolger, J. Huftalen, W.T. Bradner,
R.A. Partyka, T.W. Doyle, J. Davies, and
E. Cundliffe, J. Med. Chem.. 25, 579
(1982).

3. H.P. Sigg, R. Mauli, E. Flury, and D.
Hauser, Hely. Chim. Acta. 48, 962 (1965).

4. D.G. Corley, G.E. Rorttinghaus, J.K.
Tracy, and M.S. Tempesta, Tetrabedron
Lett.. 27,4133 (1986).

Received 12 February 1987



