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Novel fusapyrone analogs, deoxyneofusapyrone and 7-desmethyldeoxyneofusapyrone were isolated
from a pathogenic fungus, Verticillium dahliae, which causes Verticillium wilt disease in Helianthus
annuus. Spectral analyses revealed that these are 2-pyrone type analogs of deoxyfusapyrone and its
7-desmethyl derivative, respectively. Biological assay disclosed that 10 pg of deoxyneofusapyrone inhib-

ited the growth of MRSA clinical isolate 87-7927.
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In the course of our investigation for novel biologically active
compounds from fungi with unique ecologies, we have reported
lambertellols'~ as mycoparasitic substances and cytotoxic spiro-
leptosphols.%” Our continuous investigations led us to discover
novel neofusapyrone derivatives, deoxyneofusapyrone (1) and
7-desmethyldeoxyneofusapyrone (2) from Verticillium dahliae, a
pathogenic fungus that induces Verticillium wilt disease in Helian-
thus annuus.®® The 2-pyrone structure in these compounds was
established by comparison with IR spectral data in the literature
as well as theoretical '>C NMR chemical shifts. Biological assay dis-
closed that 10 pg of 1 inhibited the growth of MRSA clinical isolate
87-7927.

Agar disks containing cultured V. dahliae were found to power-
fully inhibit growth of Cochliobolus miyabeanus'® on potato-su-
crose-agar (PSA) medium. The active substances were purified,
based on observations of this activity, from 3.4 L of the cultured
broth by successive chromatography with XAD-7, silica gel, ODS
Sep-Pak®, and ODS HPLC to give deoxyneofusapyrone (1, 10.4
mg) and 7-desmethyldeoxyneofusapyrone (2, 6.9 mg), both as vis-
cous oil.

Deoxyneofusapyrone (1, Fig. 1) showed a protonated molecular
ion signal at m/z = 591.3925, which suggested a molecular formula
of C34Hs5405 (the calculated mass for [M+H]* is 591.3900). The '3C
NMR spectrum afforded 34 resonance peaks, confirming the num-
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ber of carbons in the molecule. DEPT spectra revealed seven
methyl, eight methylene, twelve methyne, and seven quaternary
carbons; thus suggesting 49 nonexchangeable protons in the mol-
ecule. Accordingly, 1 must possess five OH groups to satisfy the
molecular formula. Detailed spectral analysis involving HMBC
and NOESY, as shown in Table 1, disclosed that the present com-
pound was a 2-pyrone isomer of known deoxyfusapyrone (4).!!
'H and C NMR spectra of 1 were similar, but not identical to
the data of 4 in the literature. Stereochemistries for the C9=C10,
C11=C12, and C14=C15 double bonds were determined to be
(E), (E), and (Z), respectively, by the coupling constants for C9H-
C10H (Jou-10u = 15.6 Hz), and the NOESY correlations for C8H«—
C10H, C9H+~C26H3;, C10H+~C12H, C13H~C16H, C13H-C26Hs3;,
and C14H—C28Hs. The '3C26 resonance signal was observed at a
characteristically low frequency (13.03 ppm) also to support the
E-configuration for the C11=C12 double bond because of steric
compression with the bulky C13 group.'? In addition, these exper-
iments suggested a B-attached 2-deoxyglucopyranosyl group for
the C1’-C6’ unit, which is an identical substructure to that of
deoxyfusapyrone.'> Chemical shift alteration in the '3C NMR was
remarkably localized around the pyrone ring between 1 and 4.
The '3C chemical shifts for the pyrone ring moiety of 1 accorded
more with those for neofusapyrone (3) than with those of 4, as re-
cently reported by Shiono.'* Shiono proposed that Evidente’s fusa-
pyrone, originally proposed as a 4-hydroxy-2-pyrone derivative,
should be revised to be 2-hydroxy-4-pyrone, and that their neofus-
apyrone (3) must possess a 4-hydroxy-2-pyrone ring on the basis
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deoxyfusapyrone (4)

Figure 1.
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1B > CHa
deoxyneofusapyrone (1) : R' = CH3, R =H
7-desmethyldeoxyneofusapyrone (2) : R'=H, R =H
neofusapyrone (3) : R' = CH3, R? = OH
Table 1

NMR spectral data for deoxyneofusapyrone (1) and 7-desmethyldeoxyneofusapyrone (2) in CD;0D

No. Deoxyneofusapyrone (1) 7-Desmethyldeoxyneofusapyrone (2)

3¢ H HMBC NOESY BT 'H HMBC
2 167.06 - 167.21 —
3 100.30 - 100.48 —
4 170.59 — 168.85 -
5 100.86 6.08 (1H, s) 3,4,6,7, 1'(w) 24,25 102.27 6.05 (1H, s) 3,4,6,7, 1'(w)
6 172.15 — 170.84 —
7 45.52 - 46.56 2.61 (1H, dq, 7.0, 8.0) 4,5,8,9, 24
8 78.16 432 (1H, dd, 1.1, 7.4) 6,7,9,10, 24, 25 9, 10, 24, 25 75.88 4.21 (1H, t, 8.0) 4,7,9,10, 24
9 125.97 5.55 (1H, dd, 7.4, 15.6) 8,11 8, 24, 25, 26 127.66 5.51 (1H, dd, 8.0, 15.7) 7,8,11
10 139.20 6.23 (1H, d, 15.6) 8,11, 12,26 8,12 139.04 6.23 (1H, d, 15.7) 8, 11, 12, 26,
11 131.46 — 131.87 —
12 139.56 531 (1H, d, 9.2) 10, 13, 14, 26, 27 10, 27 139.75 5.34 (1H, d, 9.0) 10, 11, 13, 26, 27
13 32.99 3.42, (1H, m) 12, 14, 15, 27 16, 26, 27 32.99 3.42 (1H, m) 11, 12, 14, 15, 27
14 131.93 5.06 (1H, dd, 1.1, 9.4) 12, 13, 16, 27, 28 27,28 131.38 5.06 (1H, dd, 1.0, 9.0) 16, 17, 27, 28
15 134.01 - 134.08 -
16 40.99 1.95 (2H, m) 14, 15,17, 18, 28, 29 13,16 40.98 1.91 (2H, m) 14, 15, 17, 18, 28, 29
17 32.27 1.59 (1H, m) 26, 29 29 32.28 1.59 (1H, m) 16
18 38.31 1.10 (1H, m) 16, 29 38.33 1.13 (1H, m)

1.31(1H, m) 1.34 (1H, m)
19 28.40 1.30 (2H, m) 18 28.39 1.28 (2H, m)
20 30.71 1.28(2H, m) 30.71 1.28 (2H, m)
21 33.07 1.28 (2H, m) 33.06 1.28 (2H, m)
22 23.72 1.28 (2H, m) 23 23 23.72 1.28 (2H, m)
23 14.47 0.89 (3H, t, 6.9) 21,22 22 14.47 0.89 (3H, t, 6.8) 21,22
24 20.39 1.21 (3H, s) 6,7, 8,25 58,9 15.32 1.13 (3H, d, 7.0) 6,7,8
25 23.00 1.15 (3H, s) 6,7, 8,24 58,9 - -
26 13.03 1.75 (3H, d, 1.1) 11, 12 9,13 13.01 1.77 (3H, d, 1.0) 10, 11, 12
27 22.17 0.97 (3H, d, 6.6) 12,13, 14 12,13, 14 22.15 0.98 (3H, d, 6.8) 12,13, 14
28 23.91 1.63 (3H, d, 1.1) 14, 15, 16, 27 14, 23.92 1.63 (3H, d, 1.0) 14, 15, 16
29 20.05 0.85 (3H, d, 6.5) 16,17, 18 16, 17 20.04 0.85 (3H, d, 6.6) 15, 16, 17
1 75.67 448 (1H, d, 9.5) 2,3,4,2,5 5' 75.70 4.48 (1H, d, 9.7) 2,3,6,2,5
2 73.52 3.99 (1H, dd, 9.0, 9.5) 2,1,3 4'HB 73.44 4.00 (1H, dd, 9.2, 9.7) 2,1,3
3 74.07 3.63 (1H, m) 2,4 74.06 3.60 (1H, m)
4 36.58 1.57 (1H, m, 4'HB) 3,5,6 2 36.54 1.58 (1H, m) 2,5,6
1.95 (1H, m, 4'Ho) 1.95 (1H, m) 3

5 78.46 3.60 (1H, m) 6,4, 1 1 78.44 3.60 (1H, m) 1,4,6
6 65.70 3.56 (2H, m) 4,5 65.66 3.56 (2H, m) 4,5

of empirical discussions of the C=0 vibration signals in the IR spec-
tra. They assigned a 2-pyrone structure for 3 by observing
v=1675 cm! in the IR spectrum, because this wave number was
close to those of previously reported 2-pyrones.’>!® On the other
hand, that for fusapyrone, revised to 4-pyrone by Shiono, was re-
ported to be 1652cm .!*'7 The present sample showed
v=1678 cm™!, which closely accorded more with 3. UV adsorption
of 1 was observed at 288 nm, which also supported the same struc-
ture for the chromophore as that of 3 (inax 289 nm). The wave-
length for 4 (being revised to 4-pyrone) was 10 nm lower (Amax,
280 nm) in the same solvent.'!

However, the above discussion disagrees with the data in
published textbooks.!®9 It is mentioned that C=0 adsorption of

2-pyrone appears at 1720-1740 cm™!, while that for 4-pyrone is

observed at 1650-1680 cm~!. The wave number for the C=0
adsorption of 1 (1678 cm™!) suggests 4-pyrone structure rather
than 2-pyrone when these tables are considered. To clarify this
situation, we compared the theoretical >C NMR chemical shifts
obtained by molecular orbital calculations with the experimental
data.>?°

Model compounds X (2-pyrone) and Y (4-pyrone) were em-
ployed* for the calculations. After structural optimization with HF
6-31G , theoretical chemical shifts were calculated with the same
basis set.?! Although achiral models were chosen to minimize the
number of conformers to be considered, conformers still existed
around the hydroxyl group. Accordingly, the theoretical chemical
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shifts were discussed after estimating their weighted average
based on the Boltzmann distributions. The experimental shifts
were plotted against the calculated shifts, and then the slope and
intercept values were obtained by a linear least-squares fitting.??
Employing these values, the calculated shifts were corrected to
give the corrected '>C chemical shifts. The difference A values
were obtained by subtracting the corrected '3C shifts from the
experimental data, yielding the chart shown in Figure 2. The exper-
imental '3C chemical shifts for 1 clearly showed better agreement
with the theoretical shifts for model X than those for model Y. The
average |SA| value for model X was 1.65 ppm, whereas that for
model Y was 7.56 ppm. The root mean square (RMS) value be-
tween 1 and model X was 0.997, while that between model Y
was lower (0.958). These results indicated that the chromophore
part of 1 should be 4-hydroxy-2-pyrone, not 2-hydroxy-4-pyrone.
Furthermore, because model X (2-pyrone) was 7.7 kcal/mol more
stable than model Y (4-pyrone) in those calculations, the 2-pyrone
form should abound even if tautomerization exists between
them.!® 4-Pyrone isomers have not so far been detected by our
investigations of minor components by LC-MS.2

7-Desmethyldeoxyfusapyrone (2) was eluted slightly earlier
than 1 in ODS HPLC. ESIMS (m/z = 577.3750) suggested a molecular
formula of C33Hs,0s, which is one CH, unit less than 1. The '3C
NMR spectrum confirmed the number of carbons in the molecule.
The 'H NMR spectrum of 2 was quite similar to that of 1, but lacked
germinal methyl signals attached to C7. Doublet methyl (J = 7.0 Hz)
and double-quartet methyne (J = 8.0, 7.0 Hz) signals were newly
observed at 1.13 and 2.61 ppm, respectively. The methyne reso-
nance due to C8H of 2 was observed as a triplet (J = 8.0 Hz), while
that in 1 was a broad doublet (J = 7.4 Hz). Detailed analysis, includ-
ing HMQC and HMBC spectra, disclosed that 2 was a 7-desmethyl
derivative of 1 with the same stereochemistry, as shown in Figure
1. A similar desmethyl derivative but different side chain has been
isolated as YM-202204 from Phoma sp. 60596.242°

Finally, the biological properties of 1 and 2 were investigated.
Both inhibited the growth of C. miyabeanus'® in 100 ng/mL concen-
tration. Assays employing clinical germs disclosed that 10 pg of 1
induced a clear inhibition circle against MRSA clinical isolate 87-
7927 on a soybean—-casein digest agar medium (Difco).2® Because
neither of them showed cytotoxicity against HeLa (human cervix

model X model Y
OH
HsC 3/4 s
A CH3
HsC CHs
15 -
® model X
10 4 RMS=0.9971
® model Y
5 4 RMS=0.9577

Chemical shift deviations (A5)

-10 4

number of position

Figure 2. Structures of models X and Y, and |A| values between experimental and
calculated '3C chemical shifts.

carcinoma) and HepG2 (human hepatocellular carcinoma), 1 might
have potential as a safe anti-MRSA agent.

As described, we disclosed deoxyneofusapyrone (1) and 7-
desmethyldeoxyneofusapyrone (2) from V. dahliae. Notably, these
compounds were produced by an onshore fungus isolated from
H. annuus, although other fusapyrone derivatives, and the related
YM-202204%* were isolated from marine fungi. Further biological
properties of these compounds are now under investigation in
our laboratories.

Isolation and physical data for 1 and 2: V. dahliae isolated from
H. annuus at Aomori prefecture in Japan in 1988 was cultured in
potato (680 g)-sucrose (68 g) media (200 mL x 17) employing baf-
fled flasks at 25 °C for 23 days under stirring conditions (130 rpm).
Each culture medium was diluted with MeOH (200 mL), combined,
and filtered through a Celite® pad. The filtrate was concentrated by
a rotary evaporator below 35 °C until the whole volume became ca.
1.0 L. The resulting aqueous solution was loaded on an XAD-7
(800 g). After washing successively with 20% and 40% MeOH/H0,
the fractions eluted with 60% MeOH/H,0 were collected and con-
centrated to give a crude solid (300 mg), which was further frac-
tionized by silica gel column chromatography (50% MeOH/AcOEt)
and ODS Sep-Pak® (10 g, 90% MeOH/H,0), yielding a crude sample.
HPLC purification (Waters p-bondasphere €18, 150 x 19 mm LD.
70:30 CH3CN/H,0 containing 0.1% TFA, 10 mL/min flow) yielded
1(10.4 mg, tg = 24 min) and 2 (6.9 mg, tg = 20 min), both as viscous
oil.

Deoxy-neofusapyrone (1): [¢)3 —16 (c 0.23, MeOH), UV (8.4 x
107> mol/L in MeOH) imax 205 (& 17,000), 237 (& 12,000), 288 (&
5000) nm, IR (neat) 3379, 2924, 1678, 1385 cm ™.

7-Desmethyldeoxyneofusapyrone (2): [¢]2 —29 (c 0.38, MeOH),
UV (8.6 x 107> mol/L in MeOH) A, 205 (& 15,000), 238 (& 16,000),
288 (¢ 5000) nm, IR (neat), 3382, 2927, 1682, 1435 cm ™.
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