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Bioactive Natural Products from the Endophytic Fungus Ascochyta sp. from
Meliotus dentatus — Configurational Assignment by Solid-State CD and
TDDFT Calculations!*!
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Two new metabolites, (4S)-(+)-ascochin (1a) and (S,S)-(+)-as-
codiketone (3), together with the known compounds (3R,4R)-
(-)-4-hydroxymellein (2), ent-a-cyperone (4) and (3S,4R)-(-)-
dihydroxy-(6S)-undecyl-o-pyranone (5) were isolated from
cultures of the of the endophytic fungus Ascochyta sp. The
biologically active isocoumarin derivative, (4S)-(+)-ascochin
(1a), has an unusual substitution pattern which was con-
firmed by X-ray diffraction. Its absolute configuration was
determined by our solid-state TDDFT CD methodology using

the X-ray coordinates as input for the calculation. By cata-
lytic hydrogenation, (4S)-(+)-ascochin was converted into the
corresponding (3S,4S)-dihydroisocoumarin derivative 1b.
The measured and TDDFT calculated CD spectra enabled
studies on the correlation between absolute configuration
and n-rn* transition Cotton effect.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Fungal secondary metabolites are an important source
of lead structures for new drugs.>*! In our screening pro-
gram for new biologically active secondary metabolites, we
investigated the metabolites of an endophytic fungus, Asco-
chyta sp., isolated from the plant Meliotus dentatus near
Ahrenshoop on the Baltic Sea coast. Crude extracts of the
fungal fermentation were active in the agar diffusion tests
against the plant pathogenic fungi Microbotryum violaceum,
Phytophtora infestans, and Septoria tritici, as well as against
the algae Chlorella fusca. The fungus was cultivated for 28 d
on biomalt agar; the cultures were subsequently extracted
with ethyl acetate. The ethyl acetate extract was subjected
to column chromatography and two new metabolites, (4.5)-
(+)-ascochin (1a) and (S,S)-(+)-ascodiketone (3), together
with the three known compounds (3R,4R)-(—)-4-hy-
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droxymellein (2),1* ¢ ent-a-cyperone (4)7° and (3S,4R,6S)-
(—)-dihydroxy-6-undecyl-o-pyranone (5)1®! were isolated
(Scheme 1).
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Scheme 1. Structures of compounds 1-5 isolated from Ascochyta sp.

and conversion of 1a to its cis-dihydroisocoumarin derivative 1b.

.. EWILEY S ; i
& interScience 1123



FULL PAPER

K. Krohn et al.

Results and Discussion

The yellow compound 1a is crystalline (m.p. 186187 °C)
and optically active ([a]) = +288); spots of 1a on TLC
plates turn violet after treatment with anisaldehyde/sulfuric
acid and heating. The HRMS spectrum shows a molecular
ion at 234.05253, corresponding to the molecular formula
C,H,(0s, indicating eight sites of unsaturation. The 'H
NMR spectrum reveals the existence of an aldehyde proton
at 0 = 10.15ppm and two signals at 6 = 11.65 and
12.55 ppm attributable to chelated OH.

Analysis of the '3C and DEPT NMR spectra allows the
identification of one methyl, one CH, one sp> CH,, and one
sp> CH group, six quaternary sp> carbon atoms, plus two
carbonyl groups. One carbonyl group is part of a lactone (¢
= 165.9 ppm) and the other resonance (6 = 191.6 ppm) is
typical of an aldehyde C=O. The chemical shift at 6 =
98.3 ppm can be assigned to a CH, group linked to an oxy-
genated double bond (C-3). The signals for olefinic protons
at 0 = 4.75 and 4.96 ppm show a geminal coupling constant
of J = 2.3 Hz, characteristic of methylene protons (C-9).
The chemical shift of the sp> CH group (C-7) of 6 =
103.9 ppm suggests oxygenation at both of its ortho posi-
tions and the coupling of the methyl group (d, J = 7.2 Hz)
implies the presence of a neighboring sp> CH group. From
this information five fragments can be deduced: an alde-
hyde, an ester, a CH5—CH unit, an oxygenated double bond,
and an aromatic ring with two hydroxy groups in meta posi-
tion. Thus, the eight unsaturated sites account for six
double bonds and two rings. Supported by the HMBC (Fig-
ure 1) and COSY spectra, structure 1a could be assigned to
a compound (Scheme 1) that was named ascochin after the
producing fungus. Finally, the assumed structure was un-
ambiguously confirmed by X-ray diffraction analysis of its
single crystal (Figure 2). X-ray crystal analysis also revealed
that the C-4 methyl group is axially oriented, possibly in
order to reduce the peri interaction with the C-5 formyl

group.

Figure 1. Major HMBC correlations of ascochin (1a).

For the configurational assignment of natural products,
we recently used quantum-mechanical calculation of their
CD spectra, which were then compared with the experimen-
tal ones.”-!-12I Since the X-ray coordinates of 1a were avail-
able, our solid-state TDDFT CD methodology!!! could also
be applied in the present case, significantly simplifying the
procedure by using the X-ray structure as input for the cal-
culation and the experimental solid-state CD spectrum for
comparison. The solution (acetonitrile) and solid-state (KCI
disc) CD spectra of 1a are very similar (Figure 3), implying
a substantial structural rigidity. In fact, DFT geometry op-
1124
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Figure 2. Molecular structure of ascochin (1a) in the crystal. Dis-
placement ellipsoids are drawn at the 50% probability level.

timizations resulted in a distinct minimum very close to the
crystal structure (RMS deviation for heavy atoms ca.
0.05 A); this structure is characterized by two intramolecu-
lar hydrogen bonds (C1=0—HO-8 and C11=0—HO-6)
and an axial disposition of the C-4 methyl group on the
heteroring. Other minima were isolated having DFT energy
greater than +7.5 kcal/mol compared with the preferred
one. The close correspondence between CD spectra shown
in Figure 3 is noteworthy because CD intrinsic to the solid-
state is seemingly negligible. In principle, intermolecular
couplings between electric-dipole allowed m-t* transitions
might instead be expected. This is extremely encouraging
with respect to the scope and applicability of our methodol-
ogy, which requires minimal interference from crystal lattice
contributions to CD.MM

60 T T T T T T T T T
50 |

<<<<<<<<<<<< solution in acrylonitrile

a0l ——solid state (KCl disc)

30|

-30
180 200 220 240 260 280 300 320 340 360 380
A [nm]

Figure 3. Measured CD spectrum of la in acetonitrile solution
(dotted line) and as KCl disc (solid line).

The CD spectra calculated!!] with the TDDFT
method!'* using the DFT-computed geometry and the X-
ray coordinates for (S)-ascochin are also quite similar (Fig-
ure 4), except for a small wavelength shift, and reproduce
the experimental spectra very well. A slightly better agree-
ment is observed between solid-state experimental and com-
puted spectra. All the 16 computed transitions involve vir-
tual orbitals with negative eigenvalues and have energies
well below the estimated ionization potential (7.3 eV).l'4l As
a consequence, the absolute configuration of compound la
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can be unambiguously assigned as (S). Although the solu-
tion and solid-state methods lead to the same result, com-
pound 1a represents a useful test for our new solid-state
TDDFT CD methodology.
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Figure 4. TDDFT-calculated CD spectrum for (S)-ascochin using
the DFT-computed geometry (dotted line) and the solid-state
geometry (solid line; vertical bars represent rotational strengths R).

Analysis of Kohn—Sham orbitals allows us to interpret
the major features in the CD spectra. The negative band at
300-330 nm is allied to the aldehyde n-m* (transition No. 1
at 309 nm, see vertical bars in Figure 4) and to the aromatic
'Ly-type m-m* (transition No. 2 at 307 nm); the positive
band centered at 255 nm is mainly due to a further aromatic
n-it* transition (No. 7 at 246 nm) with a contribution from
charge-transfer type transitions from alkene 7 to aromatic
* (No. 4 and No. 6 at 274 and 249 nm).

For the configurational assignment of dihydroisocouma-
rins, a semiempirical rule was forwarded which correlates
P-helicity of the heteroring with a positive n—n* Cotton
effect (CE) at around 260 nm.['3] This rule was then used
for the determination of configuration in both syntheticl'®
and natural derivatives.[°! In order to check the applicability
of this rule for 3,4-disubstituted dihydroisocoumarins to the
current case, the 3,4-cis-dimethyldihydroisocoumarin deriv-
ative 1b was prepared by catalytic (Pd/C) hydrogenation of
1a (Scheme 1), and its chiroptical data were measured and
computed. The hydrogen addition occurs with cis diastereo-
selectivity due to the inherent 4 stereogenic center (the for-
myl group was also reduced during the hydrogenation). The
assignment of the cis configuration of the C-3 and C-4
methyl groups in 1b is not only based on chemical consider-
ations, assuming addition of the hydrogen from the less hin-
dered side,l'”! but also on the small coupling constant for
J3.4 = 2.3 Hz for the relevant protons in the "TH NMR spec-
trum of 1b. Thus, the absolute configuration of 1b is 35,4S.
The CD spectrum shows a negative CE at 307 nm and a
positive one at 267 nm (Figure 5). According to the litera-
ture,® the ester n—n* CD band can be assigned to the
latter. Interestingly, the (3S)-3-methyldihydroisocoumarin
derivative 6, obtained by the oxidation of the corresponding
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(3S)-3-methylisochroman derivative,['81 has positive CEs at
both 300 and 268 nm, and except for the latter transition,
its CD curve is nearly a mirror image of that of 1b (Fig-
ure 5). In order to confirm the position of the ester n—m*
CD transition and hence the semiempirical rule of dihy-
droisocoumarins, a TDDFT calculation was carried out on
the absolute minimum energy structure computed for 1b.
The conformational analysis of 1b resulted in a hydrogen-
bonded (O-11—-HO-7) conformer as the most stable struc-
ture (1.7 kcal/mol lower DFT-energy than the second mini-
mum), as shown in Figure 6.
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Figure 5. Measured CD spectra of 1b (solid line) and (S)-6 (dotted
line), and TDDFT-computed rotational strengths R (vertical bars)
for the absolute minimum of (35,4S5)-1b found by DFT (Figure 6).
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Figure 6. P-helicity (left) of (35,45)-6,8-dihydroxy-5-(hydroxy-
methyl)-3,4-dimethyl-3,4-dihydro-1 H-isochromen-1-one (1b) and
DFT-calculated most stable conformation (right).

The TDDFT CD calculation on this conformer demon-
strates that the ester n—»n* CD transition of 1b appears
with positive CE as the third computed transition from the
red at 246 nm, namely as part of the 250-270 nm CD band,
overlapped with aromatic n—n* transitions (see Figure 5).
In particular, the most red-shifted transition computed at
288 nm is of the 'Ly-type and it is apparently responsible
for the weak CD signal above 280 nm. Since 1b has (35,4.5)
absolute configuration and P-helicity of the heteroring
(Figure 6), its computed positive n—n* transition is in ac-
cordance with the semiempirical rule. (S)-6 also has P-helic-
ity, also resulting in positive n—n* at 268, although all the
other corresponding transitions have opposite signs to
those of 1b, due to the different substitution pattern of the
1125
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aromatic ring.'¥! Since the ester n—n* transition is only
one of the contributors to the 267 nm CD band among sev-
eral m—n* transitions, its application for a safe configura-
tional assignment is endangered in the current case by the
overlapping transitions.

The second new compound was obtained as a colorless,
optically active oil ([a]f) = +20). From the 'H and '*C
NMR spectra, two methyl and six methylene signals, plus
one keto and one methine signal were identified. The coup-
ling pattern of the methyl signal (d, J = 6.9 Hz) at 6 =
1.05 ppm is indicative of its connection to a methine group,
while the downfield-shifted signal of another methyl group
and a methine group at d = 2.11 and 2.47 ppm, respectively,
verify their proximity to a carbonyl group. The coupling
pattern of the CH signal (tq, J = 6.9 Hz) points to an ad-
ditional neighboring CH, group. This information shows
that the methylene groups form a linear chain CH3;-CO-
CHCH;-CH,-CH,-CH,-CH,-CH,-CH, fragment. How-
ever, the molecular ion of 324 in the mass spectrum together
with the single set of NMR signals suggests a symmetric
structure in which the two linear fragments are connected
by a central methylene group. The HRMS spectrum
confirms the molecular formula C, H4,O, for 3,17-di-
methylnonadecan-2,18-dione, named ascodiketone (3)
(Scheme 1). Since ascodiketone (3) is optically active ([a]®
= +19.8), the (S,R) meso absolute configuration can be ex-
cluded; 3 must have either the absolute configuration (S,S)
or (R,R); differentiation was possible on the basis of its CD
spectrum. As the two identical remote chromophores have
the same configuration and equivalent contributions to the
CD spectra, the CD of 3 can be compared with those of
synthetic compounds (R)-7"'°! and (R)-81*"! (Figure 7). They
contain the ketone chromophore within a similar chiral
pattern CH;COCH(Me)R, where R is a long alkyl chain.
Both (R)-7 and (R)-8 exhibit a negative CE around 280 nm
for the n-n* transition; since ascodiketone 3 has a positive
CE with maximum at 286 nm, its absolute configuration is
assigned as (S,9).

0 O
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(R-7 (R)-8

Figure 7. Structures of synthetic a-methyl ketones (R)-7 and (R)-8.
The optically active ([a]g = —37) compound 5 was iden-
tified as (3S,4R)-dihydroxy-(6S)-undecyl-a-pyranone, re-
cently published by Li et al.l®l The compound exhibits bio-
logical activity against Microbotryum violaceum, Bacillus
megaterium and Septoria tritici (Table 1). The relative con-
figuration of the substituents on the tetrahydropyranone
ring was deduced from the coupling constants of the rel-
evant protons as shown in Figure 8. The coupling constant
of J34 = 9.7 Hz indicates an axial orientation between H-3
and H-4, and thus a bisequatorial position of the two hy-
droxy groups at C-3 and C-4. In addition, the axial-equato-
rial relationship follows from the couplings J4, se = Js5c.6a =
1126
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3.6 Hz. Thus, the C;; side chain also adopts an equatorial
position. On the basis of the optical rotation and CD data,
compound 5 has the same absolute configuration as
(3S,4R)-dihydroxy-(6S)-undecyl-a-pyranone reported by Li
et al.l®

Figure 8. The relative configuration of (35,4 R)-dihydroxy-(6.5)-un-
decyl-a-pyranone (5) as deduced from the coupling constants.

The known compound 4 was identified as ent-a-cyp-
erone: the '3C NMR spectroscopic data match those of a-
cyperonel?!l and the negative optical rotation is in contrast
to the positive value of a-cyperone.l’#l The second isocoum-
arin isolated from Ascochyta sp. is identical with (3R,4R)-4-
hydroxymellein (2) (Scheme 1) on the basis of the published
data.™]

Bioactivity

The crude culture extract shows antifungal activity
against Microbotryum violaceum, Septoria tritici and Phy-
tophtora infestans as well as antibacterial activity against
Bacillus megaterium and algicidal activity against Chlorella
fusca. The pure compounds were tested against the Gram-
positive bacterium (Bacillus megaterium), the fungus Micro-
botryum violaceum, and the algae Chlorella fusca (Table 1).
As shown in Table 1, hydroxymellein (2) was particularly
antibacterially active. Holler et al.!¥] previously reported on
the activity of 2 against the fungus Eurotium repens.
(3S,4R)-Dihydroxy-(6S)-undecyl-o-pyranone (5) shows the
highest activity against the fungus Microbotryum violaceum.
Toshima et al.?? reported on the abscisic effects of the Co
analogue of 5 on the leaves of Chamaecyparis obtuse.

Table 1. Activity of compounds 1a, 2 and 5 against the Gram-posi-
tive bacterium Bacillus megaterium, the fungus Microbotryum
violaceum, and the algae Chlorella fusca.*)

Compound Baczllus‘ Mzcrobotry UM Chiorella fusca
megaterium violaceum

la 7 gi* 10** 10

2 25 12 12

5 7 13 5gi

[a] Application of 0.5 mg (50 uL of 10 mg/mL) in an agar diffusion
test. *gi = indicates that some growth occurred in the zone of inhi-
bition. **Radius of zone of inhibition in mm.

Experimental Section

General Experimental Procedures: For microbiological methods
and culture conditions see ref.[>3! and for instrumentation see ref.[>¥]
Melting points were determined in open capillaries on a Biichi
melting point apparatus and are uncorrected. Optical rotations
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were measured on a Perkin—Elmer 241 MC polarimeter and IR
spectra on a Perkin-Elmer 16PC FT-IR instrument. Silica gel (230—
400 mesh) was used for column chromatography (CC). The X-ray
data were generated on a Bruker Smart 1000 CCD system dif-
fractometer. The CD spectra were recorded on a J-810 spectropola-
rimeter and the concentrations are given in mol/dm?. For the solid-
state CD protocol, see ref.l! ESI-TOF MS measurement was per-
formed on a MicroTOF-Q instrument (Bruker Daltonik GmbH,
Bremen, Germany). Spots on TLC were detected under UV and by
heating after spraying with 0.5 mL anisaldehyde (0.5 mL) in HOAc
(50 mL)/H,SO, (1 mL).

Extraction und Isolation: The endophytic fungus, Ascochyta sp., in-
ternal strain number 6651, was isolated following surface steriliza-
tion from the plant Meliotus dentatus from the shores of the Baltic
Sea, near Ahrenshoop, Germany. The fungus was cultured for 28 d
at room temperature on 12 L of biomalt (5% w/v) solid agar me-
dium on 480 petri dishes. The cultures were frozen for 3 d, warmed
to room temperature and the liquid and solid phases separated by
filtration. Liquid and solid phases were extracted separately with
ethyl acetate. The TLCs of both extracts were identical and there-
fore combined to afford 29.00 g of crude extract after removal of
solvent under reduced pressure. The extract was then separated into
7 fractions by column chromatography on silica gel, using gradients
of dichloromethane/methanol (0-10% methanol in 1%-steps of
500 mL each). Fraction 1 gave ascochin (1a, 1.600 g) after crystalli-
zation from dichloromethane. Fractions 2 and 3 each contained a
mixture of fatty acids as well as ascodiketone (3, 89 mg) and ent-
a-cyperone (4, 9 mg), which were purified by column chromatog-
raphy on Sephadex LH 20 with dichloromethane/methanol (3:2)
and preparative TLC on silica gel with dichloromethane. Fraction
4 contained (3R,4R)-4-hydroxymellein which was further purified
by column chromatography on Sephadex LH 20 with dichloro-
methane/methanol (3:2) to yield 527 mg of (2). Fraction 5 gave
(35,4 R)-dihydroxy-(6S)-undecyl-a-pyranone (5) (413 mg) after
crystallization from diethyl ether.

(3R,4R)-6,8-Dihydroxy-5-(hydroxymethyl)-3,4-dimethyl-3,4-dihy-
dro-1H-isochromen-1-one  (Ascochin, 1a): Colorless crystals
(CH,Cl,), m.p. 186-187 °C. [a]® = +287.9 (¢ = 0.28, CH,Cl,). UV:
Amax» N (loge, CH3CN) = 186 (4.46), 253 (4.64), 277 (4.12), 318
(3.62). CD (CH;CN, ¢ = 6.0-10%) . (Ae) = 188 (-3.45), 204
(-10.38), 211 (-10.21), 222 (-14.87), 253 (52.70), 317 (-5.83). CD
(KCl, ¢ =7.16:10%) 4 (Ag) = 201 (-11.65), 221 (~16.94), 254 (52.37),
317 (-5.79). IR (KBr): V. = 3126, 2981, 2931, 1703, 1664, 1626,
1597, 1452, 1419, 1365, 1338, 1288, 1271, 1227, 1107, 1063, 1024
(cm™). 'TH NMR (200 MHz, CDCls): 6 = 1.63 (d, J194 = 7.2 Hz, 3
H, 10-H), 4.36 (q, J4,10 = 7.2 Hz, 1 H, 4-H), 4.75 (d, Jgem = 2.3 Hz,
1 H, 9-H?), 4.96 (d, Jeem = 2.3 Hz, 1 H, 9-H), 6.44 (s, 1 H, 7-H),
10.15 (s, 1 H, 11-H), 11.65 (s, 1 H, 6-OH), 12.55 (s, 1 H, 8-OH).
13C NMR (50 MHz, CDCls): § = 25.4 (CH3, C-10), 33.2 (CH, C-
4), 98.3 (CH,, C-9), 100.7 (C4, C-8a), 103.9 (CH, C-7), 109.9 (C,,
C-5), 152.1 (Cg, C-4a), 155.0 (C,, C-3), 165.9 (Cy, C-1), 168.8 (C,,
C-8), 170.3 (Cg, C-6), 191.6 (CH, C-11). EIMS (70 eV, 175 °C): m/z
(%) = 234 [M*] (100), 217 (13.8), 191 (9.1), 174 (31.9), 164 (39.7),
69 (10.1). HRMS (EI): caled. for C;,HoO5 234.05282; found
234.05253.

Crystal Structure Determination of Ascochin (1a):1>%! C|,H,,05, Mr
= 234.2, monoclinic, space group P2,, a = 6.4068(4), b =
25.7674(15), ¢ = 12.8166(8) A, f = 91.563(1)°, V = 2115.1(2) A3, Z
=8, Dy = 1.471 g/lem3, F(000) = 976, T = 120(2) K. Bruker-AXS
SMART APEX,?® graphite monochromator, A(Mo-K,) =
0.71073A, x = 0.116mm", colorless crystal, size
0.50 X 0.24 X 0.16 mm?, 26761 intensities collected 1.6 < 0 < 28.3°,
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-8 < h<8,-34 < k<34,-17 << 16. Structure solved by direct
methods,? full-matrix least-squares refinement(®® based on F? and
625 parameters, all but H atoms refined anisotropically, H atoms
refined with riding model on idealized positions with U =
1.5 Uiso(methyl-C and OH) or 1.2 Uj,,(C). There are four indepen-
dent but geometrically identical molecules A, B, C and D per asym-
metric unit with numbering schemes 1xx, 2xx, 3xx and 4xx, respec-
tively. 1a crystallizes in the non-centrosymmetric space group P2;;
however, in the absence of significant anomalous scattering effects,
the Flackl?”l parameter is essentially meaningless. Accordingly,
Friedel pairs were merged. Refinement converged at R [F > 4c(F)]
= 0.040, wR,(F?, all data) = 0.103, S = 1.064, max(d/c) < 0.001,
min./max. height in the final AF map: —0.21/0.37 eA 3. Figure 2
shows the molecular structure.

(3R,4R)-6,8-Dihydroxy-5-(hydroxymethyl)-3,4-dimethyl-3,4-dihy-
dro-1H-isochromen-1-one (Tetrahydroascochin, 1b): A solution of
ascochin (1a) (40 mg, 0.17 mmol) in dry THF (10 mL) was treated
with 10 mg of 5%Pd/C and the suspension was stirred under an
atmosphere of hydrogen for 2 h. The progress of the reaction was
monitored by TLC. The reaction mixture was filtered over celite
and the solvent was removed under reduced pressure. The resulting
crude product was purified by preparative TLC with CH,Cl,/meth-
anol (95:5) to yield (3R,4R)-6,8-dihydroxy-5-(hydroxymethyl)-3,4-
dimethyl-3,4-dihydro-1H-isochromen-1-one (1b, 32 mg, 0.13 mmol,
80%) as a white, amorphous powder, m.p. 200 °C (decomp.). UV:
Amax (loge, CH3CN) = 218 nm (4.45), 231 sh (4.16), 265 (4.03), 305
(3.70). CD (CH3CN, ¢ = 6.0-10%): 4 (Ag) = 197 (3.09), 218 (-6.9),
236 (6.0), 247 (1.8), 267 (7.71), 307 (-0.75). IR (KBr): V., = 3442,
2980, 1738, 1650, 1470, 1454, 1380, 1260, 1180, 1154, 1114, 1012.
'"H NMR (200 MHz, CD;OH): § = 1.19 (d, Jjo4 = 7.1 Hz, 3 H,
10-H), 1.49 (d, Jy3 = 6.5Hz, 3 H, 9-H), 3.26 (dq, J4 10 = 7.1 Hz,
Js3=2.5Hz, 1 H, 4-H), 4.61 (d, Jger, = 11.8 Hz, 1 H, 11-H*), 4.70
(m, 1 H, 3-H), 4.69 (d, Jeem = 11.8 Hz, 1 H, 11-H"), 6.32 (s, 1 H,
7-H). 13C NMR (50 MHz, CD;OH): § = 12.7 (CH;, C-10), 16.9
(CHs;, C-9), 33.6 (CH, C-4), 54.3 (CH,, C-11), 77.9 (CH, C-3), 99.3
(Cq, C-8a), 101.0 (CH, C-7), 116.2 (C,, C-5), 148.8 (C,, C-4a),
164.2 (Cq, C-8)*, 164.3 (Cy, C-6)*, 171.1 (Cy, C-1). For signals
marked with an asterisk * the assignments are interchangeable.
ESI-TOF MS: Calcd. mass for C;,H405 [M + Na]* 261.0733,
found 261.0739, [2M + Na]* 499.1575, found 499.1543.

3,17-Dimethylnonadecan-2,18-dione (Ascodiketone, 3): Colorless oil.
[a]f = +19.8 (¢ = 0.44, CH,Cly). UV: /.. (loge, CH3CN) =
216 nm (2.98), 256 (2.58), 314 (2.03). CD (CH;CN, ¢ = 7.2:107%):
A (Ae) = 213 (-0.14), 236 sh (0.11), 286 (0.56), 305 sh (0.19), 321
(-0.02). IR (film): Vpnay = 3460, 2925, 2854, 1712, 1460, 1356 cm™!.
'H NMR (CDCl;, 500 MHz): 6 = 1.05 (d, J503 = 6.9 Hz, 6 H, 20-
H, 21-H), 1.23 (s, 22 H, 5-H, 6-H, 7-H, 8-H, 9-H, 10-H, 11-H, 12-
H, 13-H, 14-H, 15-H), 1.32 (m, 2 H, 4-H%, 16-H?), 1.62 (m, 2 H,
4-H®,16-HP®), 2.11 (s, 6 H, 1-H, 19-H), 2.47 (tq, J320 = J34 = 6.9,
2 H, 3-H, 17-H). 3C NMR (CDCl;, 125 MHz): § = 16.1 (CH3, 2
C, C-20, C-21"), 27.2 (CH,, 2 C, C-5, C-15), 27.9 (CH3, 2 C, C-1,
C-19), 29.4 (CH,, 2 C, C-7, C-13)*, 29.5 (CH,, 3 C, C-9, C-10, C-
11)*, 29.5 (CH,, 2 C, C-8, C-12)*, 29.6 (CH,, 2 C, C-6, C-14)*,
32.9 (CH,, 2 C, C4, C-16), 47.2 (CH, 2 C, C-3, C-17), 212.7 (C,,
2 C, C-2, C-18). For signals marked with an asterisk * the assign-
ments are interchangeable. EIMS (70 eV, 175 °C): m/z (%) = 324
[M™] (7), 253 (21), 85 (14), 72 (100), 43 (56). HRMS (EI): calcd.
for C,;H400, 324.30283; found 324.30268.

ent-a-Cyperone (4): Colorless oil. [a] = -36.6 (¢ = 0.9, CH,Cl,),
ref73 -92.2 (¢ = 2.04). '"H NMR (CDCls, 500 MHz): § = 1.25 (s,
3 H, 9-H), 1.46 (m, 1 H, 5-H?), 1.65 (m, 1 H, 6-H?*), 1.73 (m, 2 H,
6-Hb 5-HP), 1.78 (m, 2 H, 4-H), 1.80 (s, 3 H, 10-H), 1.81 (d, J;31»
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= 1.1 Hz, 3H, 13-H), 2.07 (m, 2 H, 8-H?, 7-H), 2.42 (ddd, Jyem =
16.9 Hz, J3, 4, = 4.5 Hz, J3,45 = 3.5 Hz, 1 H, 3-H*), 2.54 (ddd, Jgerm
=169 Hz, Jap 4, = 13.8 Hz, J3p4p = 5.8 Hz, 1 H, 3-H®), 2.76 (m, 1
H, 8-H"), 4.80 (d, J12,;3 = 1.1 Hz, 2 H, 12-H). '3C NMR (CDCl;,
125 MHz): 6 = 10.9 (CH3, C-10), 20.7 (CH3, C-13), 22.5 (CH;, C-
9), 26.9 (CH,, C-6), 32.9 (CH,, C-8), 33.8 (CH,, C-3), 35.8 (C,, C-
4a), 37.5 (CH,, C-4), 41.9 (CH,, C-5), 45.9 (CH, C-7), 109.2 (CH,,
C-12), 128.8 (Cg4, C-1), 149.2 (Cy, C-11), 162.1 (Cy, C-8a), 199.1
(Cq. C-2).

(3R,4R)-4-Hydroxymellein (2): Orange crystals, m.p. 108-110 °C
(ref® 112-117 °C). [a]¥) = -39.2 (¢ = 0.25, MeOH), ref.?8] = 31
(MeOH). '"H NMR (CDCl;, 200 MHz): 6 = 1.58 (d, Jo 3 = 6.6 Hz,
3 H,9-H),4.57 (d, J,5 = 2.1 Hz, | H, 4-H), 4.70 (dq, J5 = 6.6 Hz,
Js4 = 2.1 Hz, 1 H, 3-H), 6.93 (d, J;5 = 7.4 Hz, 1 H, 7-H)*, 6.99
(dd, Js6=8.4Hz, Js; =09 Hz, | H, 5-H)*, 7.52 (dd, Js s = 8.4 Hz,
Js7 = 74 Hz, 1 H, 6-H), 10.93 (br. s, 1 H, 8-OH). 3C NMR
(CDCls, 50 MHz): 6 = 16.4 (CH;, C-9), 67.5 (CH, C-3), 78.8 (CH,
C-4), 107.2 (C,, C-8a), 118.7 (C,, C-7)*, 118.9 (C,, C-5)*, 137.2
(CH, C-6), 141.0 (Cg, C-4a), 162.3 (C,, C-8), 169.7 (Cgy, C-1). For
signals marked with an asterisk * the assignments are interchange-
able.

(35,4R,65)-3,4-Dihydroxy-6-undecyl-o-pyranone (5): Amorphous
powder, m.p. 101-102 °C. ref.®1 105-107 °C. [a]¥ = -37 (¢ = 0.8,
CH,Cl,). ref® 42 (¢ = 0.13, MeOH). UV: /.., nm (loge,
CH;CN) = 224 (1.99). CD (CH;CN, ¢ = 9.0-107%): 4 (Ae) = 224
(1.73), negative below 199 nm. ref.®! positive maximum at 222 nm.
IR (KBr): V. = 3440, 2954, 2920, 2850, 1755, 1722, 1469, 1385,
1227, 1122, 1092, 1070 (cm™"). '"H NMR (CDCls, 500 MHz): § =
0.90 (t, J17.16 = 6.9 Hz, 3 H, 17-H), 1.28 (s, 16 H, 8X CH,), 1.39
(m, 1 H, 8-H*), 1.48 (m, 1 H, 8-HP), 1.64 (m, 1 H, 7-H?®), 1.77 (m,
1 H, 7-H®), 1.83 (dt, Joem = 13.6 Hz, Js,4 = Js,s = 11.7Hz, 1 H,
5-H?), 2.28 (dt, Jyem = 13.6 Hz, Jsp4 = Jsp 6 = 3.6 Hz, 1 H, 5-HP),
3.27 (br. s, 1 H, OH), 3.88 (br. s, 1 H, OH), 4.01 (d, J54 = 9.7 Hz,
1 H, 3-H), 4.06 (m, 1 H, 4-H), 4.34 (m, 1 H, 6-H). 3C NMR
(CDCls, 125 MHz): 6 = 14.1 (CH3, C-17), 22.7 (CH,, C-16), 24.8
(CH,, C-8), 29.3 (CH,), 29.3 (CH,), 29.4 (CH,), 29.5 (CH.,), 29.6
(CH,), 29.7 (CH,), 31.9 (CH,, C-15), 35.7 (CH,, C-7)*, 35.9 (CH,,
C-5)*, 69.1 (C,, C-4), 74.4 (C,, C-3), 78.6 (Cq, C-6), 173.2 (C,,
C-2). For signals marked with an asterisk * the assignments are
interchangeable. EIMS (70 eV, 200 °C): m/z (%) = 286 (3), 223 (7),
211 (9), 193 (5), 180 (4), 166 (4), 137 (5), 123 (7), 111 (9), 95 (17),
69 (17), 60 (100), 43 (23). HRMS (EI): caled. for C;¢H3,0,4
286.21442; found 286.21405.

Computations: DFT and TDDFT calculations were run with the
Gaussian’03 program (Gaussian, Inc., Pittsburgh PA, 2003). Ge-
ometry optimization was executed with the DFT method at
B3LYP/6-31G(d) level starting from MM structures obtained
through conformational searches. For the solid-state geometry, the
positions of the hydrogen atoms were re-optimized with the DFT
method. TDDFT calculations were executed with the hybrid func-
tional B3LYP and Ahlrich’s TZVP basis set. (See Gaussian03 doc-
umentation at http://www.gaussian.com/g_ur/g03mantop.htm for
details on basis sets and DFT functionals.) CD spectra were gener-
ated by using dipole length-computed rotational strengths to which
a Gaussian band-shape was applied with 4,000 cm ! half-height
width (corresponding to 24.2 nm at 245 nm). Rotational strenghts
calculated with the dipole-velocity formulation differed from di-
pole-length ones by less than 10% for most computed transitions.
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