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Anti-inflammatory Sesquiterpenoids from a Sponge-Derived Fungus Acremonium sp.
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In the course of our search for bioactive metabolites from a sponge-derived fungus Acremonium sp., new sesquiterpenoids
(1—4) were isolated along with known derivatives by bioactivity-guided fractionation. The unique cyclic skeleton of
compounds 2 and 3 is unprecedented. The absolute configurations were determined by modified Mosher’s method and
CD spectroscopy, along with comparison of "H and '*C NMR spectroscopic data and specific optical rotation values
with those reported. The anti-inflammatory activity of the isolated compounds (1, 5, 7—13) was evaluated by measuring
their inhibitory effects on the production of pro-inflammatory mediators (NO, IL-6, and TNF-o) in RAW 264.7 murine
macrophage cells. Among the compounds tested, compounds 7 and 9 significantly inhibited the production of NO and
TNF-a at the concentration of 100 uM, while compounds 11 and 12 showed selective inhibition of NO production at

the same concentration.

Marine microorganisms increasingly draw attention as an
important source of bioactive secondary metabolites. In our search
for bioactive components from marine microorganisms, the fungal
strain Acremonium sp., which was isolated from a marine sponge
Stelletta sp., displayed significant lethality to brine shrimp larvae.
Diverse secondary metabolites with varied bioactivities have been
reported from the fungal strain of Acremonium sp., such as
polyketides,"? terpenoids,* steroids,* peptides,”” and phenolic
glycosides.® The EtOAc extract of the culture broth was lethal to
the larvae of brine shrimp (Artemia salina) with a LDs, value of
72 ug/mL. The EtOAc extract was partitioned between CH,Cl, and
water. The CH,Cl, layer was further partitioned between 90%
aqueous MeOH and n-hexane. The toxicity to the larvae of brine
shrimp was found concentrated in the 90% MeOH layer. Further
separation and purification of the MeOH layer afforded a series of
sesquiterpenoids (1—13), including members of the ascochlorin
family.

The isolated compounds were characterized as a new chlorinated
merosesquiterpenoid (1), cyclic merosesquiterpenoids (2 and 3),
sesquiterpenoid 4, and known sesquiterpenoids (5—13, and ilicicolin
F). Herein we describe the structure elucidation and the biological
evaluation of these compounds.

Results and Discussion

Chlorocylindrocarpol (1) was obtained as a yellow, amorphous
powder. The FABMS exhibited a characteristic pseudomolecular
ion cluster of a monochloro compound at m/z 447/449 (3:1) [M +
Na]™, and the molecular formula was established as C,3H3;ClOs
on the basis of the HRFABMS data. The exact mass of the [M +
Na]* ion at m/z 447.1884 matched well with the expected formula
of C;3H33ClOsNa (A —3.0 mmu). The molecular formula of 1
suggested that it has seven degrees of unsaturation. The UV
spectrum of 1 gave absorption bands at 231 and 290 nm, indicating
a high degree of conjugation. The infrared spectrum of 1 showed
a broad absorption peak at ¥, 3395 cm ™! due to hydroxyl groups
and an absorption peak at V. 1618 cm™! due to a conjugated
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Table 1. '3C and 'H NMR Data of Compound 1¢

6C 6H
1 113.5
2 162.1
3 114.4
4 156.6
5 113.3
6 137.7
7 14.4 2.61,s
8 193.2 10.14, s
9 21.9 3.40,d (7.0)
10 121.2 5.20,d (7.0)
11 136.4
12 39.5 2.02, m
13 26.4 2.10, m
14 124.9 5.16,t (7.5)
15 134.9
16a 36.7 220, m
16b 2.07, m
17a 29.4 1.60, m
17b 1.40, m
18 78.2 3.36,d (10.0)
19 73.1
20 233 1.17,s
21 26.1 1.21,s
22 16.1 1.60, s
23 159 1.78, s
2-OH 12.70, s

4 13C NMR data were measured at 100 MHz in CDCl;. 'H NMR data
were measured at 500 MHz in CDCl;.

carbonyl group. The spectroscopic properties of 1 were reminiscent
of those of cylindrocarpol (6).° The main difference from cylin-
drocarpol (6) was the presence of chlorine substitution in 1. The
13C (Table 1) and DEPT spectra of 1 revealed the presence of five
methyls (C-7, 20 to 23), five methylenes (C-9, 12, 13, 16, and 17),
an oxymethine (C-18), two olefinic/aromatic methines (C-10 and
14), eight olefinic/aromatic quaternary carbons (C-1, 3, 5, 6, 11,
and 15, including two oxygenated quaternary carbons C-2 and 4),
an aldehyde (C-8), and an oxygenated quaternary carbon (C-19).
In the COSY spectrum, three partial structures having structural
fragments C-9—C-10, C-12—C-13—C-14, and C-16—C-17—C-18
were ascertained. The long-range correlations from H-22 (dy 1.60,
3H) to C-14 (d¢ 124.9), C-15 (d¢ 134.9), and C-16 (Oc 36.7); H-23
(0y 1.78, 3H) to C-10 (6¢ 121.2), C-11 (O¢ 136.4), and C-12 (6¢
39.5); and H-18 (Oy 3.37, 1H) to C-19 (d¢ 73.1), C-20 (¢ 23.3),
and C-21 (O¢ 26.1) established the C;5 sesquiterpene skeleton from
C-9 to C-23. Six olefinic/aromatic quaternary carbons (C-1 to 6)
were responsible for the remaining 4 degrees of unsaturation,
indicating the presence of a phenyl ring. The long-range correlations
from the chelated hydroxyl proton 2-OH (dy 12.70) to C-1 (d¢
113.5), C-2 (¢ 162.1), and C-3 (Oc 114.4) and the correlations
from H-7 (0y 2.61, 3H) to C-1, C-5 (d¢ 113.3), and C-6 (¢ 137.7)
and from H-8 (dy 10.14, 1H) to C-1 and C-2, along with comparison
of chemical shift values with those of known sesquiterpenoids (7—9,
12, and 13), allowed us to establish a 5-chloro-2,4-dihydroxy-6-
methylbenzaldehyde-3-yl residue as a partial structure of 1. The
long-range correlations from H-9 (dy 3.40) to C-2, C-3, and C-4
(Oc 156.6) established the connection between the aliphatic chain
and the aromatic ring. The absolute configuration at C-18 was
defined by the modified Mosher’s method. Negative Asz (As —
Ag) values were observed for H-16a (—0.038 ppm) and H-22
(—0.030 ppm), indicating that compound 1 has the 18S configuration
(Figure 1).

Acremofuranone A (2) was obtained as a yellow, amorphous
powder. The FABMS exhibited a characteristic pseudomolecular
ion cluster of a monochloro compound at m/z 419/421 (3:1) [M —
H] ™, and the molecular formula was established as C,3H»9O5Cl on
the basis of the HRFABMS data. The exact mass of the [M — H]™
ion at m/z 419.1704 matched well with the expected formula of
Cx3HysClOs (A +7.9 mmu). The spectroscopic properties of 2 were
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Figure 1. Agz (As — Ag) values (ppm) for the MTPA esters of
compound 1.

Table 2. '3C and 'H NMR Data of Compounds 2 and 3“

2 3

65 6H 6C 6H
1 115.0 115.5
2 155.3 152.1
3 116.7 116.0
4 148.7 150.1
5 1117 113.9
6 127.9 134.6
7 14.2° 2255 17.2 241, s
8 69.4 5.66,d (2.0) 130.3 7.60, m
9a 21.6 3.56,dd (15.0, 6.5) 223 3.82,dd (16.0, 6.5)
9b 2.79, dd (14.0, 8.0) 2.90, dd (16.0, 8.0)
10 125.3 5.82,t(7.5) 125.3 5.76,1(6.5)
11 134.8 134.8
12 38.2 2.11, m 38.2 228, m
13a 26.2 229, m 26.2 2.30, m
13b 1.97, m 2.08, m
14 134.3 5.47,d (10.0) 134.3 5.45,brd (10.0)
15 130.4 130.4
16 79.4 4.90, d (10.0) 79.4 5.20,d (2.0)
17a 54.4 2.68, dd (10.0, 2.0) 54.4
17b
18 217.0 217.0
19 79.1 79.1
20 20.2 1.24,s 20.2 1.34,s
21 229 1.27,s 229 1.38,s
22 9.2 1.16,s 9.2 1.15,s
23 140" 1.38,s 140> 1.29,s
2-OH 5.00,s
4-OH 5.99,s

“13C NMR signals of 2 and 3 were assigned by HSQC (or HMBC)
experiment in CD;0D and CDCl;, respectively. 'H NMR data of 2 were
measured at 500 MHz in CD;0OD, while those for 3 were measured in
CDCl;. ” Assignments with the same superscript in the same column
may be interchanged.

COSY "Hemm'H
HMBC 'H-- > 3¢

Figure 2. Key COSY and HMBC correlations of 2.

reminiscent of those of ascofuranone (7).> The main difference from
ascofuranone was the replacement of the aldehyde group by a
hydroxymethine group, which was connected to C-17 and hence
constituted the third ring in 2. The '*C NMR data (Table 2) of 2
indicated the presence of 23 carbons. In the COSY spectrum, two
partial structures having structural fragments C9—C10 and C-12—C-
13—C-14 were ascertained (Figure 2). An oxymethine carbon at
Oc 79.4 (C-16), another methine carbon at d¢c 54.4 (C-17), a ketone
carbonyl carbon at d¢ 217.0 (C-18), an oxygenated quaternary
carbon at d¢ 79.1 (C-19), and the geminal dimethyl carbons at d¢
20.2 and 22.9 (C-20 and 21) indicated the presence of a dihydro-
2,2-dimethylfuran-3(2H)-one-4,5-yl moiety. The long-range cor-
relations from H-22 (dy 1.16, 3H) to C-14 (¢ 134.3), C-15 (O¢
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Figure 3. Key NOESY correlations of 2 on the energy-minimized
structure.

Scheme 1. Plausible Biogenesis of 2 and 3 by Aldol-Type
Condensation

130.4), and C-16 (O¢ 79.4) and from H-23 (dy 1.38, 3H) to C-10
(Oc 125.3), C-11 (Oc 134.8), and C-12 (Oc 38.2) (Figure 2)
established the linker between C-3 and C-16 and the connection
between the aliphatic chain and the furanone moiety. The long-
range correlations from H-9a (dy 3.56) and H-9b (dy 2.79) to C-2
(Oc 155.3), C-3 (Oc 116.7), and C-4 (Oc 148.7) (Figure 2) established
the connection between the aliphatic chain and the aromatic ring.
The long-range correlations from H-8 (dy 5.66) to C-2 (d¢ 155.3),
C-16 (Oc 79.4), and C-17 (Oc 54.4) (Figure 2) established the
connection between the aromatic ring and the furanone moiety.
Therefore, compound 2 was assigned as a cyclic derivative of
ascofuranone (7). The coupling constant between H-16 and H-17
(10.0 Hz) suggested a trans configuration at positions C-16 and
C-17,"° which was corroborated by the NOESY correlation between
H-17 (0y 2.68) and H-22 (dy 1.16) (Figure 3). Compound 2 is
suspected to be an artifact derived from 7. However, compound 7
was stable at room temperature in neutral pH. Even after treatment
with NaOMe (1 mg/mL) for 18 h at room temperature, no
transformation into 2 was observed in the 'H NMR spectrum (data
not shown), arguing against the possibility that 2 would be an
artifact. Biogenetically, compound 2 may be derived from 7 by
cyclization via an aldol-type condensation (Scheme 1). Accordingly,
the same S-configuration at C-16 was assumed for 2 and 7. As the
relative configuration at positions C-16 and C-17 was trans, the
absolute configuration of 2 at C-17 was proposed to be R. Due to
its cyclic skeleton and bulky substituents, there would not be much
freedom for the conformation of the hydroxymethine moiety (C-
8). In addition, a strong NOESY correlation between H-7 (0 2.25)
and H-8 was observed, and the estimated dihedral angle between
H-8 and H-17 was around 60°, which matched with the small
coupling constant (2.0 Hz). Therefore, of the energy-minimized
structures, H-8 can be located in the proximity of H-7 only in the
case of the 8S-isomer. However, the absolute configuration at C-8

Zhang et al.

Table 3. '3C and 'H NMR Data of Compound 4“
6C aH

1 43.5 2.41,ddd, (10.0, 7.0, 1.5)
2 149.7

3a 26.2 2.62, m

3b 2.33,dd (18.5,9.5)
4a 322 1.94, m

4b 1.76, dt (12.0, 1.5)
5 774

6 532

Ta 36.6 2.46,d (7.0)

7b 1.85,d (10.0)

8 75.9 4.32,dd (6.5,5.5)
9 32.1 2.11, brt (6.5)

10 123.1 5.29,td (8.0, 1.0)
11 133.7

12 26.0 1.72,brs

13 18.0 1.64,brs

14 11.0 0.82,s

15a 107.9 4.66, dd (1.5, 1.0)
15b 4.59,d (1.5)

“1H and *C NMR data were measured in CDCl; at 500 and 100
MHz, respectively.

could not be independently confirmed by Mosher’s method due to
the paucity of material.

Acremofuranone B (3) was obtained as a yellow, amorphous
powder. The FABMS exhibited a characteristic pseudomolecular
ion cluster with one chlorine atom at m/z 401/403 (3:1) [M — H]",
and the molecular formula was established as C,3H,,ClO4 on the
basis of the HRFABMS data. The exact mass of the [M — H] ™ ion
at m/z 401.1598 matched well with the expected formula of
Cy3H604Cl (A +7.8 mmu). The NMR spectra of 3 were similar to
those of acremofuranone A (2). The main difference from 2 was
observed for the carbons C-8 and C-17. The aliphatic methine (C-
17) and oxymethine (C-8) carbons were replaced by vinylic carbons.
Therefore, compound 3 was defined as a dehydrated derivative of
2, and the absolute configuration at C-16 was assumed to be the
same as that of 2. The geometry of the C-8—C-17 double bond
remains to be determined, though it is expected to be E because
the steric energy of the E-isomer was much lower than that of the
Z-isomer in energy minimization using Chemdraw 3D (10 and 28
kcal/mol, respectively).

Dihydroxybergamotene (4) was obtained as a colorless, amor-
phous powder. The FABMS exhibited a pseudomolecular ion at
mlz 259 [M + Na]*, and the molecular formula was established as
C,5H,40, on the basis of the HRFABMS data. The exact mass of
the [M + Na]* ion at m/z 259.1661 matched well with the expected
formula of C;5H,40,Na (A —1.3 mmu). The spectroscopic proper-
ties of 4 were reminiscent of those of 3-trans-bergamotene (14)'' 4
(Table 3). The main difference from S-bergamotene (14) was the
presence of two additional hydroxyl groups in 4. '*C and DEPT
NMR data revealed the presence of three methyl carbons (C-12,
13, and 14), five methylene carbons (C-3, 4, 7, 9, and 15), three
sp’ methine carbons (C-1, 8, and 10), and four quaternary carbons
(C-2, 5, 6, and 11). These results, together with the molecular
formula of 4, indicated the presence of two exchangeable protons
and that 4 should be bicyclic. In the COSY spectrum, structural
fragment C-8—C-9—C-10 was ascertained. The long-range cor-
relations from H-9 (g 2.11) to C-11 (d¢ 133.7) and from H-10
(Ou 5.29) to C-11, C-12 (d¢ 26.0), and C-13 (¢ 18.0) indicated
the presence of a 4-methylpent-3-en-1-ol moiety. The long-range
correlations from H-7b (0y 1.85) and H-1 (O 2.41) to the vinylic
carbon C-2 (d¢ 149.7) and the oxygenated carbon C-5 (d¢ 77.4)
and an additional correlation from H-15 (dy 4.66 and oy 4.59) to
C-1 (O¢c 43.5) linked C-1 with C-2 to form a 4-methylene
cyclohexanol ring. HMBC correlations of H-1 (0y 2.41), H-7b (0y
1.85), and H-4b (O 1.76) to the quaternary carbon C-6 (d¢ 53.2),
along with an unusually strong four-bond C—H correlation from
H-7b (O 1.85) to methyl C-14 (¢ 11.0), suggested the presence
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Figure 4. Agz (As — Ag) values for the MTPA esters of compound
4.
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Figure 5. Effects of the compounds (1, 5, and 7—13) on the
production of nitric oxide (NO) in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were stimulated with LPS (1 ug/mL) alone or in
the presence of test samples (100 uM) for 24 h. NO production
was determined by Griess reagent methods. Cell viability was
determined using the MTT method. The data represent the mean
4 SD of duplicate experiments. PAR, parthenolide (10 uM); BL,
blank control.

of a [3,1,1] bicyclic substructure. The long-range correlations from
H-8 (01 4.32) and H-9 (Oy 2.11) to C-6 established the connectivity
between the 4-methylpent-3-en-1-ol moiety and the bicyclic
substructure. Therefore, compound 4 was defined as a 5,8-dihydroxy
derivative of -bergamotene (14).

The configuration of 4 was proposed on the basis of NOESY
and '"H NMR data.

A strong NOESY correlation between H-4a (dy 1.94) and H-14
(0y 0.82) indicated that they are on the same face, placing H-14 at
an axial position of the cyclohexane ring. In addition, the chemical
shift of the upfield shifted methyl proton H-14 (dy 0.82) is similar
to those of S-trans-bergamotene (dy 0.70), but different from those
of fB-cis-bergamotene, with the methyl at the equatorial position
(Oy 1.20)."'~'* Therefore, the 6-methyl-endo configuration was
assigned. The absolute configuration at C-8 was defined by
Mosher’s method. Positive Agz (Ag — Ag) values were observed
for H-9 (+0.13 ppm) and H-10 (+0.21 ppm), indicating the 8R
configuration (Figure 4). However, the absolute configuration of
the bicyclic ring remains to be defined.

The structures, including configurations, of the additional ses-
quiterpenoid derivatives were identified as lignoren (5),"° cylin-
drocarpol (6),° ascofuranone (7),'® ascofuranol (8),'® ascochlorin
(9),"” cylindrol B (10),"” ilicicolin F,° LL-Z 1272 ¢ (11),” ilicicolin
C (12),'® and deacetylchloronectrin (13)'° on the basis of NMR,
CD, and optical activity data.

Compounds 1, 5, and 7—13 were evaluated for their anti-
inflammatory activity gauged by their inhibitory effects on the
production of major pro-inflammatory mediators (NO, IL-6, and
TNF-a) in murine macrophage cells (Figures 5—7). Compounds 7
and 9 showed significant suppressive effects on the production of
NO and TNF-a at the concentration of 100 #M, while compounds
11 and 12 were more selective to inhibit NO production.

Experimental Section

General Experimental Procedures. Optical rotations were measured
using a JASCO DIP-370 digital polarimeter. CD spectra were recorded
using a JASCO J-715 spectropolarimeter (sensitivity 50 mdeg, resolu-
tion 0.2 nm). The IR spectrum was recorded using a JASCO FT/IR-
410 spectrometer. The UV spectrum was recorded using a Shimadzu
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Figure 6. Effects of the compounds (1, 5, and 7—13) on the
production of TNF-o in LPS-stimulated RAW264.7 cells. RAW264.7
cells were stimulated with LPS (1 ug/mL) alone or in the presence
of test samples (100 uM) for 24 h. TNF-o. was determined by
ELISA methods. Cell viability was determined using the MTT
method. The data represent the mean + SD of duplicate experi-
ments. PAR, parthenolide (10 4«M); BL, blank control.
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Figure 7. Effects of the compounds (1, 5, and 7—13) on the
production of IL-6 in LPS-stimulated RAW264.7 cells. RAW264.7
cells were stimulated with LPS (1 ug/mL) alone or in the presence
of test samples (100 M) for 24 h. IL-6 was determined by ELISA
methods. Cell viability was determined using the MTT method.
The data represent the mean £ SD of duplicate experiments. PAR,
parthenolide (10 uM); BL, blank control.

UV-1601 UV/visible spectrophotometer. 'H and '3C NMR spectra were
recorded on UNITY 400 and Varian INOVA 500 instruments. Chemical
shifts were reported with reference to the respective residual solvent
or deuterated solvent peaks (dy 7.28 and d¢ 77.0 for CDCls; Oy 3.3
and O¢ 49.0 for CD;0D). FABMS data were obtained on a JEOL JMS
SX-102A; HPLC was performed with a YMC ODS-H80 column (250
x 10 mm i.d., 4 um, 80 A) and a Shodex C18 M10E column (250 x
10 mm i.d., 5 um, 100 A) using a Shodex RI-71 detector.

Fungal Material. The fungal strain Acremonium sp. (JO5B-1-F-3)
was isolated from a sponge Stelletta sp. (JO5B-1) collected off the coast
of Jeju Island, Korea, in October 2005 and was identified by Dr. K. S.
Bae. The culture collection is deposited at the Marine Natural Product
Laboratory, PNU. The fungus was cultured in malt extract/glucose/
peptone (MGP, 20 g of malt extract, 20 g of glucose, and 1 g of peptone
in 1 L of artificial seawater at pH 5.5). The fungus was cultured at 24
°C on a shaker platform at 150 rpm for 25 days, in a total of 20 L.

Extraction and Isolation. Culture medium and mycelia were
separated by filtration, and then the mycelia were extracted with EtOAc
and MeOH, successively. The combined crude extract showed signifi-
cant toxicity to brine shrimp larvae (LDsy 72.0 ug/mL). The combined
crude extract (3.56 g) was partitioned between CH,Cl, and water. The
toxicity to brine shrimp larvae was concentrated in the CH,Cl, layer
(LDsy 17.0 ug/mL). The CH,Cl, layer was further partitioned between
aqueous MeOH and n-hexane. The MeOH layer showed significant
toxicity to brine shrimp larvae (LDsy 8.0 ug/mL). The MeOH layer
residue was subjected to reversed-phase flash column chromatography
(YMC gel ODS-A, 60 A, 230 mesh) using stepwise elution with a
solvent system of 30—100% MeOH/H,O to afford 10 fractions. Fraction
7 (101.0 mg), one of the bioactive fractions (LDs, 26.0 ug/mL, brine
shrimp assay), was subjected to RP HPLC eluting with 75% MeOH to
afford compounds 1 (2.7 mg), 4 (3.2 mg), 7 (8.0 mg), 8 (4.0 mg), 9 (57.8
mg), 10 (3.8 mg), ilicicolin F (3.6 mg), and 11 (13.9 mg). Compounds 2
(0.7 mg), 3 (0.8 mg), and 6 (1.2 mg) were obtained by separation of the
bioactive fraction 6 (210 mg, LDs, 100 x«g/mL) on a reversed-phase HPLC
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eluting with 70% MeOH. Compounds 5 (10 mg) and 13 (12.5 mg) were
obtained by separation of another bioactive fraction, 5 (124.0 mg, LDs,
150 ug/mL), on a reversed-phase HPLC eluting with 65% MeOH. Fraction
8 (323 mg), the most toxic fraction (LDsy 2 ug/mL, brine shrimp assay),
was subjected to reversed-phase HPLC eluting with 85% MeOH to afford
compounds 11 (13.9 mg) and 12 (2.2 mg).

Chlorocylindrocarpol (1): yellow, amorphous powder; [a]*p +5.0
(¢ 0.27, MeOH); UV (MeOH) Anax (log €) 231 (4.36), 290 (4.32), 339
(4.02) nm; IR vy, 3395, 2924, 1619, 1456, 1419, 1375, 1283, 1249,
1159, 1109, 1076 cm™'; '"H NMR data (CDCls, 500 MHz), see Table
1; 3C NMR data (CDCl3;, 125 MHz), see Table 1; HRFABMS m/z
447.1884 [M + Na]* (calcd for C,3H33ClOsNa, 447.1914).

Acremofuranone A (2): yellow, amorphous powder; [0]*p +5.0
(c 0.06, MeOH); UV (MeOH) A (log &) 223.5 (3.81), 288 (3.29),
339 (2.77) nm; IR vy, 3275, 2925, 2855, 1753, 1614, 1583, 1448,
1422, 1377, 1281, 1247, 1171, 1089, 1063, 1029, 982 cm™!; 'H NMR
data (CD;0D, 500 MHz), see Table 2; '*C NMR data (assigned by
HSQC or HMBC experiment in CD3;0D), see Table 2; HRFABMS
mlz 419.1704 [M — H]~ (calcd for C,3HpsClOs, 419.1625).

Acremofuranone B (3): yellow, amorphous powder; [o]*p +5.0
(c 0.08, MeOH); UV (MeOH) Ay (log €) 219 (3.74), 263 (3.48), 327
(3.47) nm; IR vy, 3421, 2925, 2855, 1719, 1624, 1590, 1455, 1375,
1263, 1167, 1139, 1094, 1026, 988 cm™!; 'H NMR data (CDCls, 500
MHz), see Table 2; 3*C NMR data (assigned by HSQC or HMBC
experiment in CDCly), see Table 2; HRFABMS m/z 401.1598 [M —
H]™ (calcd for Cy3HyClOy, 401.1520).

Dihydroxybergamotene (4): colorless, amorphous powder; [o]*p
—14.4 (¢ 0.30, MeOH); UV (MeOH) A,,,,x (log €) 216 (2.87), 292 (2.49),
336 (2.40) nm; IR v, 3347, 2929, 1644, 1452, 1434, 1377, 1329,
1285, 1239, 1186, 1126, 1062, 875 cm™'; 'H NMR data (CDCls, 500
MHz), and *C NMR data (CDCls, 125 MHz), see Table 3; HRFABMS
mlz 259.1661 [M + Na]™ (calcd for C;sH,0,Na, 259.1674).

Lignoren (5): [a]*, —20.4 (¢ 0.57, MeOH). In the NOESY
spectrum of 5, the correlation from H-8 (dy 1.04) to H-4a (dy 1.85)
and H-5a (0y 1.61) and from H-10 to H-4 (dy 1.55) corroborated the
depicted relative configuration of 5, which was not defined in the
original reference.'”

Ascofuranone (7): [a]*p —28.8 (¢ 0.80, MeOH), natural ascofura-
none (—50.0, ¢ 1.0, MeOH),'® synthetic (S)-ascofuranone (—37.0, ¢
0.13, MeOH).?°

Ascofuranol (8): [0]*, —5.7 (¢ 0.40, MeOH), natural ascofuranol
(7.0, ¢ 1.0, MeOH),'® synthetic (14S,165)-ascofuranol (—3.1, ¢ 0.37,
MeOH), synthetic (14R,16R)-ascofuranol (+3.2, ¢ 0.54, MeOH).?°

Ascochlorin (9):'7 [a]*p —35.8 (¢ 0.50, MeOH); CD (c 3.5 x
1073 M) Ae (nm) —5.95 (291.8).

Cylindrol B (10):° [a]*, —27.8 (¢ 0.38, MeOH); CD (c 3.4 x
1073 M) Ae (nm) —3.83 (289.8).

Ticicolin F:° [a]* +5.4 (¢ 0.35, MeOH); CD (c 3.5 x 107> M)
Ae (nm) —2.83 (291.2).

LL-Z1272 £ (11):° [0]®p +3.86 (¢ 0.50, MeOH); CD (c 3.6 x
1073 M) Ae (nm) —2.24 (287.8).

Ilicicolin C (12):'® [0]®p +5.24 (¢ 0.20, MeOH); CD (c 3.5 x
1073 M) Ae (nm) —2.47 (286.8).

Deacetylchloronectrin (13):"° [0]®p +15.6 (¢ 0.50, MeOH); CD
(¢ 2.7 x 1073 M) Ae (nm) —1.30 (288.2), +1.84 (242.8 nm).

Preparation of the (R)- and (S)-MTPA Esters of 1. Two portions
(0.4 and 0.7 mg, respectively) of compound 1 were treated overnight
with (S)-(+)- and (R)-(—)-a-methoxy- a-(trifluoromethyl)phenylacetyl
chloride (1 uL) in CDCl; (0.5 mL)/CsDsN (4 L) at room temperature
to afford the (R)- and (S)-MTPA esters, respectively (Ir and 1s,
respectively).

(R)-MTPA esters (1r): '"H NMR (CD;OD, 500 MHz) 10.40 (1H, s,
H-8), 5.22 (1H, m, H-10), 5.19 (1H, m, H-14), 3.57 (2H, m, H-9),
4.24 (1H, m, H-18), 2.72 (3H, s, H-7), 2.35 (2H, m, 13), 2.257 (1H,
m, H-16a), 2.173 (1H, m, H-16b), 2.14 (2H, m, 12), 1.968 (3H, s, H-22),
1.63—1.59 (1H, m, H-17a), 1.58 (3H, s, H-23), 1.47—1.43 (1H, m,
H-17b), 1.15 (3H, s, H-21), 1.12 (3H, s, H-20).

(S)-MTPA esters (1s): 'H NMR (CD;0D, 500 MHz) 10.40 (1H, s,
H-8), 5.35 (1H, m, H-10), 5.19 (1H, m, H-14), 3.57 (2H, m, H-9),
4.24 (1H, m, H-18), 2.72 (3H, s, H-7), 2.35 (2H, m, 13), 2.219 (1H,
m, H-16a), 2.172 (1H, m, H-16b), 2.14 (2H, m, 12), 1.938 (3H, s, H-22),
1.63—1.59 (1H, m, H-17a), 1.58 (3H, s, H-23), 1.47—1.43 (1H, m,
H-17b), 1.15 (3H, s, H-21), 1.12 (3H, s, H-20).

Preparation of the (R)- and (S)-bisMTPA Esters of 4. Two
portions (0.4 and 0.5 mg, respectively) of compound 1 were treated
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overnight with (S)-(—)- and (R)-(+)-a-methoxy-o-(trifluoromethyl)phe-
nylacetyl chloride (1 uL) in CDCl; (0.5 mL)/CsDsN (4 uL) at room
temperature to afford the (R)- and (S)-bisMTPA esters, respectively
(4r and 4s, respectively).

(R)-MTPA esters (4r): 'H NMR (CDCl;, 500 MHz) 5.03 (1H, t,
H-10), 4.73 (1H, s, H-15a), 4.64 (1H, s, H-15b), 3.69 (1H, dd, H-8),
2.72 (1H, m, H-3a), 2.48 (1H, d, H-7a), 2.53 (1H, d, H-1), 2.44 (1H,
m, H-4a), 2.42 (1H, m, H-7b), 2.40 (1H, m, H-3b), 2.04 (1H, t, H-4b),
1.97 (2H, br t, H-9), 1.71 (1H, s, H-12), 1.57 (1H, s, H-13), 0.85 (1H,
s, H-14).

(S)-MTPA esters (4s): EIMS m/z 640 [M]"; '"H NMR (CDCls, 500
MHz) 5.24 (1H, t, H-10), 4.74 (1H, s, H-15a), 4.66 (1H, s, H-15b),
4.17 (1H, t, H-8), 2.72 (1H, m, H-3a), 2.62 (1H, t, H-1), 2.65 (1H, d,
H-7a), 2.47 (1H, d, H-7b), 2.38 (1H, m, H-3b), 2.42 (1H, m, H-4a),
2.10 (2H, br t, H-9), 1.92 (1H, m, H-4b), 1.73 (1H, s, H-12), 1.62 (1H,
s, H-13), 0.85 (1H, s, H-14).

Cytotoxicity Assay. Cytotoxic effects were evaluated in cells
cultured for 24 h using the MTT (3-[4,5-dimethylthiazol-2yl]-2,5-
diphenyl tetrazolium bromide) assay. MTT was added to cells, and
after 4 h, cultures were removed from the incubator and the formazan
crystals were dissolved by adding DMSO. Metabolic activity was
quantified by measuring light absorbance at 540 nm.

Nitrite Assay. The production of nitric oxide (NO) was measured,
as previously described by Ryu et al.,>* by using the Griess reagent
(Sigma, MO). Briefly, the RAW 264.7 cells were stimulated with LPS
(1 ug/mL), and 100 uL of the supernatant was mixed with 100 uL of
the Griess reagent (0.1% naphthlyene diamine dihydrochloride, 1%
sulfanilamide, 2.5% H;PO,). This mixture was incubated for 10 min
at room temperature (light protected). Absorbance at 540 nm was
measured using an ELISA reader (Amersham Pharmacia Biotech, UK),
and the results were compared against a calibration curve using sodium
nitrite as the standard.

Measurement of the Production of Pro-inflammatory Cytokines
(IL-6 and TNF-a). The inhibitory effects of the isolated compounds
on IL-6 and TNF-o. production were determined by the method
previously described.>® The samples were dissolved with EtOH and
diluted with DMEM. The final concentration of chemical solvents did
not exceed 0.1% in the culture medium. At these conditions, none of
the solubilized solvents altered IL-6 and TNF-a production in RAW
264.7 cells. Before stimulation with LPS (1 ug/mL) and test materials,
RAW 264.7 cells were incubated for 18 h in 24-well plates under the
same conditions. Lipopolysaccharide (LPS) and the test materials were
then added to the cultured cells. The medium was used for IL-6 and
TNF-a assay using mouse ELISA kits (R & D Systems Inc., MN).
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