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From a marine-derived strain of the fungus Emericella variecolor, varitriol (1), varioxirane (2),
dihydroterrein (3), and varixanthone (4), besides the known mold metabolites ergosterol, terrein,
shamixanthone, and tajixanthone hydrate, were identified. The chemical structures of 1-4 were
established by means of spectroscopic techniques and some chemical transformations. In the NCI’s 60-
cell panel, varitriol (1) displayed increased potency toward selected renal, CNS, and breast cancer cell
lines. Varixanthone (4) showed antimicrobial activity.

Recently, increased interest in the chemistry of fungi
isolated from the marine environment has been docu-
mented.1 Marine fungi are interesting organisms from an
ecological point of view, because they are serious pathogens
in the marine environment.2 Furthermore, since many can
be cultured, they represent an important biomedical re-
source. During our studies on the chemistry and biology
of fungi,3,4 we have investigated a marine strain5 (named
M75-2) of the fungus Emericella variecolor, isolated from
a sponge collected in Venezuelan waters of the Caribbean
Sea.6 E. variecolor Berk and Br. is the perfect state of
Aspergillus variecolor (Berk and Br.) Thom and Raper.7
From different terrestrial strains of A. variecolor terrein,8
2-methoxy-6-(3,4-dihydroxyhepta-1,5-dienyl)benzyl alco-
hol,9 4,7-dimethoxy-5-methylcoumarin,10 a dihydroisocou-
marin,11 and two sesterterpenoids (variecolin12 and astel-
latol13), as well as numerous xanthones14 and meroter-
penoids15 of mixed polyketide and terpenoid origins, have
been isolated. Moreover, in a terrestrial strain of E.
variecolor, asteltoxin has been found.16,17 This report deals
with the chemical analysis and biological screening of the
metabolites from the first marine strain of E. variecolor.

Results and Discussion

From a static culture of the fungus the new compounds
1-4 (Chart 1) were identified, in addition to the known
mold metabolites ergosterol,18 terrein,19 shamixanthone,20

and tajixanthone hydrate.21

The HRMS of varitriol (1) indicated a C15H20O5 molecular
formula, corresponding to six elements of unsaturation. The
main feature of the IR spectrum was a very strong
absorption band centered at 3338 cm-1, suggesting the
presence of more than one hydroxyl group. On the other
hand, no carbonyl bands were present. The 1H NMR
spectrum showed signals at δ 7.22 (t, J ) 8 Hz, H-4), 7.13
(dd, J ) 8.0, 1.0 Hz, H-5), and 6.89 ppm (dd, J ) 8.0, 1.0
Hz, H-3), which were assigned to three adjacent aromatic
protons. Additionally, the signals of two olefinic hydrogen
atoms appeared at δ 7.14 (br d, J ) 15.8 Hz, H-1′) and 6.19
(dd, J ) 15.8, 6.7 Hz, H-2′), with chemical shifts and
coupling constant values indicative of a trans-disubstituted

double bond conjugated with the aromatic ring. The pres-
ence of the vinyl benzene conjugated system was confirmed
by the UV spectrum (absorption bands at 260 and 296 nm).
Moreover, apart from a methyl doublet (δ 1.27, J ) 6.2 Hz,
H-7′), the 1H NMR spectrum also exhibited signals assigned
to an oxygenated benzylic methylene (δ 4.72, br s) and four
oxygenated methines (δ 4.32, br t, H-3′; δ 3.94, br q, H-4′;
δ 3.74, br q, H-5′; δ 3.84, quintuplet, H-6′). A signal for a
methoxy group appeared at δ 3.82 (s), suggesting the
methoxy was directly attached to the aromatic ring. Three
broad signals, roughly centered at δ 4.62, 4.41, and 3.75,
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Chart 1. Chemical Structures of the Metabolites 1-4 from E.
variecolor and the Derivatives 5-7, 9, and 10
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were assigned to three hydroxyl groups since they ex-
changed with D2O. The 13C NMR spectrum showed 15
signals, eight of which corresponded to the vinyl benzene
system, which is responsible for five of the six unsaturation
elements demanded by the molecular formula. Since no
other double bond was observed, compound 1 must have a
second ring, presumably a cyclic ether according to the
number of oxygen atoms and oxygenated carbons (apart
from those of the CH3O-C-2 system, four methines and a
benzylic methylene). At this point, 2D NMR experiments
(Table 1) served to establish the connections between the
different structural elements of 1. Thus, diagnostic HMBC
correlations were observed between the resonance for the
hydrogens of the methoxy group and that for the aromatic
C-2, between the resonance for the olefinic H-2′ and that
for the aromatic C-6, and between the resonance for the
hydrogens of the benzylic methylene and those for the
aromatic carbon atoms C-1, C-2, and C-6, indicating that
the benzylic methylene was located on the aromatic ring
between the vinyl and the methoxy groups. In the COSY
spectrum, 1H-1H couplings were observed between H-2′
and H-3′, between H-3′ and H-4′, between H-4′ and H-5′,
between H-5′ and H-6′, and between H-6′ and H3-7′;
establishing the structure of the backbone of the side chain
of 1, from C-1′ to C-7′. Additionally, cross-peaks between
the resonances for the OH groups and those for H-4′, H-5′,
and the protons of the methylene group indicated that the
hydroxyl groups were attached to C-4′, to C-5′, and to the
benzylic methylene. Thus, the position of the oxygenated
bridge between C-3′ and C-6′ could be deduced. Peracety-
lation of 1 gave the triacetate 5, confirming the number
and localization of the OH groups of varitriol. Once the
planar structure of 1 was established, the determination
of the relative configuration of the four stereogenic centers
of the tetrahydrofuran ring unit was attempted. The
triacetate 5 was subject to NOE experiments (Table 1),
because the differences among the chemical shifts of
protons H-3′, H-4′, H-5′, and H-6′ (higher than in the
natural compound 1) warranted more accurate measure-
ments. The NOEs observed between H-2′ and H-4′, between
H-4′ and H-5′, between H-5′ and H3-7′, and between H-3′
and H-6′ indicated that while C-2′, H-4′, H-5′, and C-7′ were
located at one side of the tetrahydrofuran ring, H-3′, H-6′,
and two hydroxyl groups were located on the opposite side.
Subsequently, acetonide 6 was prepared and additional
NOE difference measurements were performed (Table 1),
confirming the relative stereochemistry of the tetrahydro-

furan moiety. Therefore, the structure (3′R*,4′R*,5′S*,6′S*)-
2-methoxy-6-(3′,6′-epoxy-4′,5′-dihydroxyheptenyl)benzyl al-
cohol (1) is assigned to varitriol.

Varioxirane (2) could be isolated as its peracetylated
derivative 7. The HRMS of 7 indicated a C21H26O8 molec-
ular formula, isomeric with that of triacetylvaritriol (5).
The 1H NMR spectrum of 7 showed several signals (H-3,
H-4, H-5, H-1′, H-2′, H-4′, H3-7′, and three acetate groups)
closely related to those of 5, but in the case of 7, the
chemical shift and coupling constant values of the signals
at δ 3.02 (dq, J ) 5.2, 2.1 Hz, H-6′) and 2.85 (dd, J ) 6.0,
2.1 Hz, H-5′) revealed a trans-disubstituted oxirane ring
involving the C-5 and C-6 carbon atoms. As in 5, two
acetate groups were connected to the benzylic methylene
and C-4′, but in 7, the third acetate group was attached to
C-3′, as indicated by the chemical shift of H-3′ (5.70 ppm).
The 13C NMR spectrum of derivative 7 confirmed the
chemical structure, and thus, the structure of natural
metabolite 2 (Chart 1) could be inferred. We have no direct
evidence of the stereochemistry around C-3′ and C-4′ of 2,
but based on a hypothetical biogenetic relationship between
2 and 1, the 3′R*,4′R*,5′S*,6′R* relative configuration is
proposed. It is noteworthy that a structurally related
metabolite, 2-methoxy-6-(3,4-dihydroxyhepta-1,5-dienyl)-
benzyl alcohol (8), has previously been found in Aspergillus
variecolor (the imperfect state of Emericella variecolor).9
Although the relative configuration at C-3′ and C-4′ of 8
was not established by Dunn and Johnstone,9 the biosyn-
thesis of varitriol (1) from 8, via varioxirane (2), in E.
variecolor cannot be ruled out. Enzymatic epoxidation of
the 5′, 6′ double bond of 8 would yield 2 and enzyme-
catalyzed SN2 reaction at C-6′ in 2 by the 3′-OH would yield
1.

Dihydroterrein (3) was isolated as the diacetyl derivative
9 (Chart 1). The HRMS of 9 indicated a C12H16O5 molecular
formula. The 1H NMR spectrum of 9 showed signals (H-2,
H-4, H-5, and two acetate groups) closely related to those
of diacetylterrein (10) obtained from terrein by conven-
tional acetylation using acetic anhydride and pyridine.
However, in the 1H NMR spectrum of 9, the signals
corresponding to the propenyl moiety of 10 were replaced
by two multiplets, centered at 2.34 (2H, H-1′) and 1.62 ppm
(2H, H-2′), as well as a triplet at 0.98 ppm (3H, J ) 6.4
Hz, H-3′), which were assigned to a saturated n-propyl side
chain. In the 13C NMR spectrum of 9, the signals at 31.8
(t, C-1′), 20.0 (t, C-2′), and 13.8 ppm (q, C-3′) confirmed
the presence of the saturated side chain of derivative 9,
and thus, the structure of natural metabolite 3 could be
inferred. Presumably, 3 is synthesized by the enzymatic
hydrogenation of terrein in E. variecolor.

The HRMS of varixanthone (4) indicated a C26H28O8

molecular formula. Its 1H and 13C NMR spectra were
closely related to those of tajixanthone hydrate.21,22 How-
ever, the 1H NMR spectrum of 4 showed significant
differences; the signal corresponding to H-15 was displaced
to 5.18 ppm and a new signal appeared at 7.87 ppm, which
were assigned to the presence of a formate group connected
to C-15. Despite the different chemical shifts, the multiplic-
ity and coupling constant values for H-14a, H-14b, and
H-15 of 4 were very similar to those of tajixanthone
hydrate, suggesting the same relative stereochemistry for
both compounds. Subsequent hydrolysis of 4 gave tajixan-
thone hydrate with spectroscopic properties, including
optical rotation, in agreement with those previously de-
scribed.21,22 Thus, the structure and relative stereochem-
istry of 4 were confirmed. Furthermore, the absolute
configuration (depicted in Chart 1) could be established,

Table 1. 2D NMR Data for Varitriol (1) (400 MHz,
CD3COCD3) and NOEs Observed for Derivatives 5 and 6
(400 MHz, CD3Cl)

proton COSYa (1) HMBCb (1) NOEc (5) NOEc (6)

H-3 4 1, 5
H-4 3, 5 2, 6
H-5 4 1, 3
H-1′ 2′ 5, 3′
H-2′ 1′, 3′ 6, 3′ 5, 3′, 4′ 3′, 4′
H-3′ 2′, 4′ 1′, 2′, 6′ 1′, 2′, 6′, 2′′
H-4′ 3′, 5′, OH 2′, 5′ 2′, 5′, 3′′
H-5′ 4′, 6′, OH 4′, 7′ 4′, 7′, 3′′
H-6′ 5′, 7′ 3′, 7′ 3′, 7′, 2′′
H3-7′ 6′ 5′, 6′
OCH3 2
OCH2-C-1 OH 1, 2, 6
H3-2′′ 3′, 6′

a Numbers represent hydrogen atoms that were observed to
couple with the proton(s) associated with this row. b Numbers refer
to carbon atoms that were observed to long-range CH couple with
the proton(s) corresponding with this row. c Enhanced proton
signals observed by NOE difference experiments.
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because that of tajixanthone hydrate is known.21 Since the
extraction was performed with a solvent mixture contain-
ing formic acid (1%), the possibility of varixanthone (4)
representing an artifact from tajixanthone hydrate was
considered. However, tajixanthone hydrate, subject to the
extraction conditions, was stable and no formation of
varixanthone was detected. Accordingly we believe that 4
is a true natural product.

Varitriol (1) was tested in the National Cancer Institute
(NCI) 60-cell-line in vitro panel. It showed a more than 100-
fold increased potency (over the mean toxicity) toward the
RXF 393 (renal cancer, GI50 ) 1.63 × 10-7 M), T-47D
(breast cancer, GI50 ) 2.10 × 10-7 M), and SNB-75 (CNS
cancer, GI50 ) 2.44 × 10-7 M) cell lines and lower potency
against the DU-145 (prostate cancer, GI50 ) 1.10 × 10-6

M), HL-60 (TB) (leukemia, GI50 ) 2.52 × 10-5 M), CCRF-
CEM (leukemia, GI50 ) 2.60 × 10-5 M), OVCAR-5 (ovarian
cancer, GI50 ) 6.82 × 10-5 M), SNB-19 (CNS cancer,
GI50 ) 9.13 × 10-5 M), and COLO 205 (colon cancer,
GI50 ) 9.59 × 10-5 M) cell lines. Varitriol was inactive
against the remaining cell lines at a concentration of 10-4

M. When tested in an antimicrobial assay,23 varitriol (1)
did not inhibit growth of bacteria and yeast at 100 µg/mL.

Varixanthone (4), tested against three cell lines (see
Experimental Section) did not show any cytotoxic activity
at 1 µg/mL. However, varixanthone displayed antimicrobial
potency, against Gram positive and Gram negative bacte-
ria, higher than terrein, shamixanthone, and tajixanthone
hydrate.

Experimental Section

General Experimental Procedures. NMR spectra were
recorded in CDCl3 or acetone-d6 on a Bruker AMX 300 or a
Bruker ARX 400. UV spectra were recorded in EtOH on a
Hewlett-Packard 8453 diode array spectrophotometer. IR
spectra were recorded on a Nicolet 20SXB spectrometer.
Optical rotations were measured on a Perkin-Elmer model 124
polarimeter. Melting points were measured on a Reichert
instrument and are uncorrected.

Collection, Isolation, and Fermentation. Emericella
variecolor (strain M75-2) was isolated from a sponge (Porifera)
collected in the Caribbean waters of the Mochima Bay (Mo-
chima National Park, Sucre State, Venezuela) in January
1997.6 A voucher specimen of the fungal strain is kept at the
Department of Biotechnology, The Technical University of
Denmark. For metabolite production, the fungus was grown
on 200 Petri dishes containing solid YES medium for a period
of 14 days at 25 °C.

Extraction and Isolation. Mycelium and agar were
harvested and extracted with a mixture of ethyl acetate/
chloroform/methanol (3:2:1) containing 1% formic acid in a
stomacher bag. The dried extract (10.6 g) was split in two
fractions by partition between methanol/water (80:20) and
hexane. From the less polar fraction, shamixanthone20 (hexane/
t-BuOMe, 8:2) and ergosterol18 (hexane/t-BuOMe, 1:1) were
isolated by column chromatography on Si gel. From the most
polar fraction, varixanthone (4) (methylene chloride/acetone,
95:5), tajixanthone hydrate21 (methylene chloride/acetone, 8:2),
terrein19 (methylene chloride/acetone, 7:3), varitriol (1) (meth-
ylene chloride/acetone, 6:4), a mixture of 1 plus varioxirane
(2) (methylene chloride/acetone, 6:4), and a mixture of dihy-
droterrein (3), terrein, and 1 (EtOH) were isolated by the same
way. To the mixture of 1 plus 2, were added pyridine and Ac2O.
The solution was stirred for 3 h, and after usual workup, the
crude residue was chromatographed by semipreparative TLC
(methylene chloride/t-BuOMe, 95:5) to give triacetylvaritriol
(5) and triacetylvarioxirane (7). To the mixture of dihydro-
terrein, terrein, and 1 were added pyridine and Ac2O. The
solution was stirred for 3 h, and the crude residue was
chromatographed by semipreparative TLC (6:4 hexane/t-

BuOMe, four developments), obtaining diacetyldihydroterrein
(9), diacetylterrein (10), and 5.

Varitriol (1): 30 mg; colorless oil; [R]25
D +18.5° (c 2.30,

MeOH); UV (EtOH) λmax (log ε) 204 (4.64) 260 (4.05) 296 (3.49)
nm; IR (film) νmax 3338, 1597, 1578, 1470, 1264, 1092 cm-1;
1H NMR (CD3COCD3, 300 MHz) δ 7.22 (1H, t, J ) 8.0 Hz,
H-4), 7.14 (1H, br d, J ) 15.8 Hz, H-1′), 7.13 (1H, dd, J ) 8.0,
1.0 Hz, H-5), 6.89 (1H, dd, J ) 8.0, 1.0 Hz, H-3), 6.19 (1H, dd,
J ) 15.8, 6.7 Hz, H-2′), 4.72 (2H, br s, OCH2-C-1), 4.62 (1H,
br s, HO-C-4′, changed with D2O), 4.41 (1H, br s, HO-C-5′,
changed with D2O), 4.32 (1H, br t, J ) 6.4 Hz, H-3′), 3.94 (1H,
br q, J ) 5.3 Hz, H-4′), 3.84 (1H, quintuplet, J ) 6.0 Hz, H-6′),
3.82 (3H, s, OCH3), 3.80-3.70 (1H, br, HOCH2-C-1, changed
with D2O) 3.74 (1H, br q, J ) 5.4 Hz, H-5′), 1.27 (3H, d, J )
6.2 Hz, H-7′); 13C NMR (CD3COCD3, 100 MHz) δ 158.9 (s, C-2),
139.0 (s, C-6), 132.3 (d, C-2′), 129.4 (d, C-1′), 129.3 (d, C-4),
127.9 (s, C-1), 119.3 (d, C-5), 110.7 (d, C-3), 85.2 (d, C-3′), 80.1
(d, C-6′), 77.2 (d, C-5′), 76.5 (d, C-4′), 56.0 (q, OCH3), 55.5 (t,
OCH2-C-1), 19.5 (q, C-7′); NMR assignments have been made
with the aid of 2D NMR experiments (COSY, HMQC, HMBC);
HRCIMS m/z 281.1390 (calcd for C15H21O5, 281.1388).

Varixanthone (4): 190 mg; yellow needless (95:5 methyl-
ene chloride/acetone); mp 125-127 °C; [R]25

D +62.1° (c 1.13,
CHCl3); UV (EtOH) λmax (log ε) 392.5 (3.68) nm; IR (film) νmax

3458; 1722 cm-1; 1H NMR (CDCl3, 300 MHz) δ 12.56 (1H, s,
OH), 7.87 (1H, s, HCO2), 7.35 (1H, d, J ) 8.4 Hz, H-3), 7.18
(1H, s, H-5), 6.65 (1H, d, J ) 8.4 Hz, H-2), 5.38 (1H, br d, J )
2.0 Hz, H-25), 5.18 (1H, dd, J ) 10.5, 1.8 Hz, H-15), 5.10 (1H,
br s, OH), 4.80 (1H, s, H-22a), 4.60 (1H, s, H-22b), 4.43 (1H,
br dd, J ) 10.8, 2.5 Hz, H-19a), 4.34 (1H, dd, J ) 10.9, 3.0 Hz,
H-19b), 3.32 (1H, dd, J ) 14.3, 2.2 Hz, H-14a), 2.81 (1H, dd,
J ) 14.3, 10.6 Hz, H-14b), 2.73 (1H, br s, H-20), 2.33 (3H, s,
H-24), 1.84 (3H, s, H-23), 1.38 (3H, s, H-17), 1.35 (3H, s, H-18);
13C NMR (CDCl3, 100 MHz) δ 184.3 (s, C-13), 160.6 (s, C-10),
160.4 (d, HCOO), 153.1 (s, C-1), 151.9 (s, C-11), 149.6 (s, C-7),
142.4 (s, C-21), 138.6 (s, C-6), 138.0 (d, C-3), 121.0 (s, C-8),
119.2 (d, C-5), 116.9 (s, C-12), 114.6 (s, C-4), 112.5 (t, C-22),
109.9 (d, C-2), 109.1 (s, C-9), 78.9 (d, C-15), 72.1 (s, C-16), 64.6
(t, C-19), 63.3 (d, C-25), 44.9 (d, C-20), 29.7 (t, C-14), 25.6 (q,
C-18), 25.4 (q, C-17), 22.5 (q, C-23), 17.4 (q, C-24); HRFABMS
m/z 491.1679 (calcd for C26H28O8Na, 491.1681).

Hydrolysis of varixanthone (4) was carried out as follows:
DBU (0.035 mL) was added to a solution of 4 (50 mg) in 2 mL
of wet THF. The solution was stirred for 42 h, and then
tBuOMe (10 mL) was added. The ethereal solution was washed
with 1 N HCl and water. The organic layer was dried with
anhydrous Na2SO4 and the solvent was removed. Flash
chromatography (methylene chloride/acetone, 8:2) of the resi-
due gave tajixanthone hydrate (20 mg) as a yellow oil, [R]25

D

-97.3° (c 1.66, CHCl3), (lit.22 [R]25
D -71.5°, c 2.3, CHCl3); 1H

and 13C NMR spectra matched those previously described.21,22

Triacetylvaritriol (5): 4 mg; colorless oil; [R]25
D +16.9° (c

0.33, CHCl3); IR (film) νmax 1741, 1246 cm-1; 1H NMR (CDCl3,
300 MHz) δ 7.30 (1H, t, J ) 8.0 Hz, H-4), 7.13 (1H, br d, J )
7.9 Hz, H-5), 6.98 (1H, br d, J ) 15.7 Hz, H-1′), 6.85 (1H, br d,
J ) 8.2 Hz, H-3), 6.13 (1H, dd, J ) 15.7, 6.8 Hz, H-2′), 5.25
(2H, d, J ) 1.9 Hz, OCH2-C-1), 5.08 (1H, t, J ) 5.8 Hz, H-4′),
4.93 (1H, t, J ) 5.5 Hz, H-5′), 4.53 (1H, br t, J ) 6 Hz, H-3′),
4.13 (1H, quintuplet, J ) 6.2 Hz, H-6′), 3.84 (3H, s, OCH3),
2.10 (3H, s, CH3CO2), 2.08 (3H, s, CH3CO2), 2.06 (3H, s, CH3-
CO2), 1.38 (3H, d, J ) 6.4 Hz, H-7′); 13C NMR (CDCl3, 100
MHz) δ 171.2 (s, CH3CO2), 169.9 (s, CH3CO2), 169.8 (s,
CH3CO2), 158.9 (s, C-2), 138.5 (s, C-6), 130.5 (s, C-1), 130.2 (d,
C-2′), 130.0 (d, C-1′), 129.9 (d, C-4), 118.9 (d, C-5), 110.4 (d,
C-3), 81.5 (d, C-3′), 77.7 (d, C-6′), 75.7 (d, C-5′), 74.9 (d, C-4′),
57.7 (t, OCH2-C-1), 55.9 (q, OCH3), 21.1 (q, CH3CO2), 20.8 (q,
CH3CO2), 20.7 (q, CH3CO2), 19.2 (q, C-7′).

Isopropilidenevaritriol (6). PPTS (5 mg) and anhydrous
CuSO4 (10 mg) were added to a solution of 20 mg of 1 in 5 mL
of dry acetone. The solution was stirred for 24 h and filtered,
and the solvent was removed in vacuo. Flash chromatography
(methylene chloride/acetone, 92:8) of the residue gave 6 (8 mg)
as a colorless oil; 1H NMR (CDCl3, 300 MHz) δ 7.23 (1H, t,
J ) 8.1 Hz, H-4), 7.08 (1H, br d, J ) 8.0 Hz, H-5), 7.06 (1H, br
d, J ) 15.7 Hz, H-1′), 6.82 (1H, br d, J ) 8.2 Hz, H-3), 6.14
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(1H, dd, J ) 15.7, 6.6 Hz, H-2′), 4.78 (2H, s, OCH2-C-1), 4.53
(1H, dd, J ) 7.0, 5.0 Hz, H-4′), 4.44 (1H, ddd, J ) 6.6, 5.0, 1.2
Hz, H-3′), 4.33 (1H, dd, J ) 7.0, 4.7 Hz, H-5′), 4.03 (1H, dq,
J ) 6.4, 4.7 Hz, H-6′), 3.85 (3H, s, OCH3), 1.57 (3H, s, H-2′′),
1.35 (3H, d, J ) 6.4 Hz, H-7′), 1.34 (3H, s, H-3′′); 13C NMR
(CDCl3, 100 MHz) δ 158.2 (s, C-2), 137.4 (s, C-6), 130.9 (d, C-2′),
129.5 (d, C-1′), 128.9 (d, C-4), 126.5 (s, C-1), 119.4 (d, C-5),
115.2 (s, C-1′′), 109.8 (d, C-3), 86.4 (d, C-3′), 85.7 (d, C-5′), 84.9
(d, C-4′), 80.4 (d, C-6′), 57.0 (t, OCH2-C-1), 55.7 (q, OCH3),
27.5 (q, C-2′′), 25.6 (q, C-3′′), 19.2 (q, C-7′).

Triacetylvarioxirane (7): 4 mg; colorless oil; [R]25
D -28.0°

(c 0.31, CHCl3); UV (EtOH) λmax (log ε) 212 (5.5), 294 (4.4) nm;
IR (film) νmax 1739, 1236 cm-1; 1H NMR (CDCl3, 300 MHz) δ
7.31 (1H, t, J ) 8.0 Hz, H-4), 7.11 (1H, br d, J ) 8 Hz, H-5),
6.98 (1H, br d, J ) 15.8 Hz, H-1′), 6.86 (1H, dd, J ) 8.0, 1.0
Hz, H-3), 6.14 (1H, dd, J ) 15.8, 7.5 Hz, H-2′), 5.70 (1H, ddd,
J ) 7.5, 3.7, 1.2 Hz, H-3′), 5.26 (2H, d, J ) 1.2 Hz, OCH2-C-1),
4.89 (1H, dd, J ) 6.0, 3.7 Hz, H-4′), 3.84 (3H, s, OCH3), 3.02
(1H, dq, J ) 5.2, 2.1 Hz, H-6′), 2.85 (1H, dd, J ) 6.0, 2.1 Hz,
H-5′), 2.12 (3H, s, CH3CO2), 2.09 (3H, s, CH3CO2), 2.06 (3H, s,
CH3CO2), 1.29 (3H, d, J ) 5.2 Hz, H-7′); 13C NMR (CDCl3, 100
MHz) δ 171.1 (s, CH3CO2), 169.9 (s, CH3CO2), 169.8 (s,
CH3CO2), 158.6 (s, C-2), 138.4 (s, C-6), 132.0 (d, C-1′), 131.9
(s, C-1), 130.0 (d, C-4), 126.0 (d, C-2′), 119.0 (d, C-5), 110.6 (d,
C-3), 73.8 (d, C-3′), 73.2 (d, C-4′), 57.6 (t, OCH2-C-1), 56.0 (q,
OCH3), 53.0 (d, C-5′), 27.1 (d, C-6′), 21.1 (q, CH3CO2), 21.0 (q,
CH3CO2), 20.9 (q, CH3CO2), 17.2 (q, C-7′); HRCIMS m/z
407.1708 (calcd for C21H27O8, 407.1706).

Diacetyldihydroterrein (9): 15 mg; colorless oil; [R]25
D

+6.4° (c 1.15, CHCl3); UV (EtOH) λmax (log ε) 216.0 (4.67) nm;
IR (film) νmax 1746, 1730, 1223, 1038 cm-1; 1H NMR (CDCl3,
300 MHz) δ 6.14 (1H, q, J ) 1.3 Hz, H-2), 5.91 (1H, dd, J )
2.9, 1.1 Hz, H-4), 5.19 (1H, d, J ) 2.9 Hz, H-5), 2.34 (2H, m,
H-1′), 2.15 (6H, s, 2 CH3CO2), 1.62 (2H, m, H-2′), 0.98 (3H, t,
J ) 6.4 Hz, H-3′); 13C NMR (CDCl3, 100 MHz) δ 196.7 (s, C-1),
174.3 (s, C-3), 170.32 (s, CH3CO2), 170.28 (s, CH3CO2), 129.9
(d, C-2), 78.3 (d, C-5), 76.1 (d, C-4), 31.8 (t, C-1′), 20.0 (t, C-2′),
13.8 (q, C-3′); HRFABMS m/z 263.0897 (calcd for C12H16O5-
Na, 263.0895).

Diacetylterrein (10): 9 mg; oil; 1H NMR (CDCl3, 300 MHz)
δ 6.37 (1H, dq, J ) 15.5, 6.5 Hz, H-2′), 6.29 (1H, d, J ) 15.5
Hz, H-1′), 6.18 (1H, br s, H-2), 6.06 (1H, br d, J ) 2.9 Hz, H-4),
5.20 (1H, d, J ) 2.9 Hz, H-5), 2.15 (3H, s, CH3CO2), 2.13 (3H,
s, CH3CO2), 1.92 (3H, d, J ) 6.5 Hz, H-3′).

Cytotoxicity Assays. Varitriol (1) was tested in the NCI
60-cell screen, using the standard NCI protocol. The NCI’s
mean graphs of 1 are included in the Supporting Information.
Varixanthone (4) was tested toward P388 (mouse lymphoma),
A549 (human lung carcinoma), and HT29 (human colon
carcinoma) cell lines, following a previously reported proce-
dure,24 by the Biomar Institute.

Antimicrobial Tests. The antimicrobial activities of 1, 4,
shamixantone, tajixanthone hydrate, and terrein were tested
against Gram positive (Enterococcus faecalis, Bacillus subtilis,
Staphylococus aureus) and Gram negative bacteria (Salmo-
nella tiphymurium, Escherichia coli, Proteus sp.) as well as
against the yeast Candida albicans, following a previously
established procedure.23 Varitriol (1) did not show antimicro-
bial activity at concentrations of 100 µg/mL. Varixanthone (4)
was active against E. coli, Proteus sp., B. subtillis, and S.
aureus, showing a minimal inhibitory concentration (MIC) of
12.5 µg/mL in all these cases. Varixanthone showed lower
potency against E. faecalis (MIC ) 50 µg/mL). Shamixanthone,
tajixanthone hydrate, and terrein showed activity against E.
coli, E. faecalis, B. subtillis, and S. aureus, with MIC ) 50
µg/mL in all cases.
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