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The novel antifungal agent ascosteroside (1) was isolated from cultured broth of Ascotricha
amphitricha (ATCC74237). The structure based on spectroscopic data was determined to be an
a-linked glycoside of a lanostane-type triterpenoid.

In the course of screening for novel antifungal agents
from microorganisms, a strain of Ascotricha amphitricha
(Ascomycetes) was selected for further study. Whole
broth extracts of the culture were active against
Saccharomyces cerevisiae as described in the preceding
paper1}. This investigation led to the discovery of the

new antifungal agent ascosteroside (1). In the preceding
paper, we reported the taxonomy of the producing
organism, fermentation and biological activity of this

compound. Described herein is the isolation and struc-
tural elucidation of ascosteroside.

Isolation and Purification
The isolation of ascosteroside was guided by the use

of S. cerevisiae as the test organism in an antifungal

screen. Fermentation broth (pH 8.6, 20 liters), prepared
as described in the preceding paper, was extracted with
EtOAc (10 liters). Upon filtration and phase separation,
the organic layer upon evaporation yielded 2 g of crude
solids. This extract was dissolved in 10ml of 10% aq
MeOHand the solution was washedthree times with
equal volumes of rc-hexane. The «-hexane extract was

found by XHand 13C NMRto contain large amounts
of ergosterol, a commonfungal sterol2). The remaining
aqueous methanol phase was diluted to 35% aq MeOH
and extracted three times with equal volumes pre-

saturated chloroform. The chloroform fraction (0.56 g)
was dissolved in 2ml chloroform-methanol 1 : 1 and

applied to a column of Sephadex LH-20 (100g) packed
in chloroform-methanol 1 : 1. Fractions measuring 8 ml
each were collected at an elution flowrate of 2~3ml/
minute, using the above solvent composition, and were
consolidated on the basis of silica gel TLC (CHC13-
MeOH 9: 1, eerie sulfate spray plus heating for de-

tection). Final purification of the active fraction was
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accomplished by reverse phase preparative HPLC

(Dynamax C18 column, 21.4mm inner diameter x 25 cm
length, 8/mi particle size, 60A pore size). The mobile
phase was acetonitrile-water 1 : 1 with a linear gradient
to acetonitrile over 30 minutes at a flowrate of 10ml/
minute. UVdetection (230 nm) was used. The major peak
(22 minutes) was collected and the solvent evaporated
to yield 19mg of pure ascosteroside (1).

Characterization and
Structure Elucidation

Ascosteroside was isolated as a colorless amorphous
solid. It is soluble in DMSO, methanol, ethanol,
chloroform, acetone, slightly soluble in ethyl acetate,
acetonitrile, and practically insoluble in rc-hexane,
benzene, and water. The molecular formula for 1 was
established as C37H58O9 by HRFAB-MS ([M+Na]+
m\z 669.3964, calcd 669.3978), indicating nine degrees

of unsaturation in the molecule. A key fragment ion
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observed at m/z 453.3355 (C30H45O3) was due to facile
cleavage ofa sugar species (neutral loss of 176 mass units,
C7H12O5) and loss of water. The IR spectrum (Fig. 1)
displayed carbonyl absorption at 1700 cm" 1, suggesting
carboxylic acid functionality. Supporting evidence for a
carboxylic acid group resulted from conversion to the
methyl ester (2) using etherial diazomethane (IR (KBr)
vc=o 1710cm"1; 41NMR(500MHz,DMSO-rf6) 5 3.51.
The UVspectrum (Fig. 2) showed mainly end absorbance
at 204nm, with weak maxima at 235 and 294nm. The
physico-chemical properties of ascosteroside (1) are

summarized in Table 1.
Apparent in the XHNMRspectrum (Fig. 3) were two

methyl singlets (8 0.82, 1.00), four methyl doublets (8
0.89, 0.97, 0.98), one O-methyl (8 3.41), four oleflnic

singlets (8 4.59, 4.63, 4.70, 5.1 1), six oxygenated methine
resonances (8 3.91, 4.41 (aglycone); 3.21, 3.64, 2.92, 3.38

(sugar), and one anomeric proton (8 4.83), consistent

with the presence of one sugar unit. Also present were
numerous overlapping resonances (8 1.0~2.7) corre-

Fig. 1. IR (KBr) spectrum of ascosteroside.
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sponding to 22 protons, 18 of which were methylenes.
The 13C NMR data (Fig. 4) revealed 36 signals,

composedof six methyls (two methyl resonances were
degenerate), twelve methylenes, eleven methines, and
eight quaternary carbons, as indicated through the DEPT
experiment. These included one carbonyl (S 176.2), three
olefmic groups, of which two highly polarized units
(d 103.5, 150.3; 106.6, 155.8) were exocyclic methylenes,
one anomeric carbon (3 95.1), and nine aliphatic
methylene carbons (d 20~44). Given the number of

aliphatic methylenes, two angular methyl groups, and
four rings as defined by unsaturation requirements, a

C30 aglycone with a sterol-type skeleton was considered.

Table 1. Physico-chemical properties of ascosteroside (1).

Appearance
MP
MS0
Molecular formula

Molecular weight
HRFAB-MS (m/z)
Found:
Calcd:
MS (IONSPRAY)

(m/z)

UV AZá"nm (e)
IR vmax (KBr) cm"

Colorless amorphous solid
130~132°C

+43° (c 0.2, MeOH)
^31^-58^9

646.4066

669.3964 [M+Na]+

669.3978

647 (M+H), 471 (M-C7H12O5+H,

aglycone + H),
453 (aglycone-H2O+ H),
425 (aglycone - COOH),
408 (aglycone-COOH-H2O +H)

204 (8000), 235 (sh, 2100), 294 (300)

3448, 2960, 2934, 1700, 1652, 1466,

1382, 1196, 1146, 1066, 1030, 972,

CDX(As) (MeOH) 231 (-13.3)
TLCa (Rf) 0.16

HPLCb (Rt) 24.6 minutes
Silica gel plates; CHC13- MeOH(9 : 1), eerie sulfate spray
plus heating; spot turns dark blue-gray.
Column: Rainin "Short-One" C18 (3/i) 10cm L.; eluant:
acetonitrile - 0.01 m potassium phosphate (monobasic)
buffer pH 3.5 gradient (according to D. J. Hook et. al.
J. Chromatogr. 385: 99-108, 1987); flow rate 1.2ml/
minute; UVdetection at 230nm.

Fig. 2. UVspectrum of ascosteroside (MeOH).
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Fig. 3. *H NMRspectrum of ascosterosi.de (500.13MHz, DMSO-d6).

Fig. 4. 13C NMRspectrum ofascosteroside (125.76MHz, DMSO-d6).

Furthermore, the 13C NMRdata suggested a lanostane-
type triterpenoid2'3).

The gross structure of ascosteroside (1) was deduced
primarily through 2D NMR, including COLOC(corre-
lation spectroscopy for long-range couplings), HMBC
(heteronuclear multiple bond correlation) and NOE
experiments. The *H and 13C assignments appear in

Table 2. Placement of one of the exocyclic methylene
groups at C-4 was established by long range 1H-13C
coupling (e.g. 3-bond) of the olefinic protons (§ 4.59,

5.ll) to carbons C-3 and C-5; the C-5 proton (5 1.84)
in turn showeda correlation with the exocyclic methylene
carbon C-29 (5 103.5). Placement of the second exocyclic
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methylene on the side chain was indicated by long range
couplings of the methylene protons (3 4.63, 4.70) to
carbons C-23 and C-25 (3 30.5, 33.2, respectively). The
tetrasubstituted double bond was placed at the B/C ring
juncture, indicated by 3-bond correlations between C-9
(3 138.4) and the C-19 angular methyl protons (3H 0.82),
H-7a (3 1.86) and H-12j8 (3 1.58), and by a correlation
between C-8 (3 127.6) and H-6 (3 1.52). The carboxylic
acid group was placed at C-14 (3 65.7), as evidenced by
long range coupling of the carbonyl carbon (3 176.2) to
the C-15 methine (3H 4.41). In addition C-14 shows

correlations with the C-18 angular methyl protons (3
1.00) and H-12jS (3 1.58). A secondary hydroxyl group
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Table 2. Ascosteroside (1): XH and 13C NMR data
(DMSO-^A

13C ppm JH ppm long-range ^-^C
(mult) (mult, J (Hz)) correlations

Aglycone
1 34.8(t) a 1.28(m)

P 1.80 (m)
2 . 28.1(t) a2.05(m)

P 1.26 (m)
3 74.4 (d) 3.91 (m)
4 150.3 (s)
5 46.3 (d) 1.84 (m)

6 20.7 (t) 1.52 (m)
7 25.5(t) a 1.86(m)

p 2.75
(d br, 13.2)

8 127.6 (s)
9 138.4 (s)

10 39.6 (s)
ll 23.1(t) a 2.12(m)

P 2.01 (m)
12 32.3(t) a 2.10(m)

P 1.58 (m)

C2, C3, C19
C3, C5, C10
C3, C4, C1O
Cl,C1O
C2, C4, Cl'

Cl, C4, C6, C1O,
C19, C29
C5, C8, C1O
C8, C9
C5, C6, C8

C9, C13
C8, C9
C18
C9, Cll,C13,C14

13 45.9 (s)
14 65.7 (s)
15 70.9(d) 4.41 (d, 7.1) C13, C16,C17, C30
16 43.5(t) a 2.49(m) C13, C17

p 1.36 (m) C13, C15, C17, C20
17 50.0 (d) 1.32 (m) C16, C18
18 18.1 (q) 1.00 (s) C12, C13, C14, C17

19 18.7 (q) 0.82 (s) Cl, C5, C9, C10
20 35.2 (d) 1.52 (m)
21 18.7 (q) 0.89 (d, 6.4) C17, C22

22 34.4 (t) 1.08 (m)
1.48 (m) C17, C20, C21, C23

23 30.5 (t) 1.81 (m) C20, C24, C28
2.03 (m) C20, C22, C24, C28

24 155.8 (s)
25 33.2 (d) 2.19 C23, C24, C26, C27,

26 21.8 (q)
27 21.8 (q)
28 106.6 (t)

2 9 103.5 (t)

30 176.2 (s)
4'-OMe-glucose

1 95.1 (d)
2' 72.1 (d)

(septet, 6.8) C28
0.97(d, 6.8) C24, C25
0.98(d,6.8) C24,C25

4.63 (s) C23, C25
4.70 (s) C23, C25
4.59 (s) C3, C5
5.ll (s) C3, C4, C5

4.83 (d, 3.5)
3.21

C3, C3'
C3'

(dd, 3.5, 9.6)

3 73.2(d) 3.64(t, 9.2) C2\ C4\ C5'
4' 79.7 (d) 2.92 (t, 9.2) C2', C6'
5' 71.9 (d) 3.38 (m)

6' 60.6 (t) 3.43 (m) C4'

3.49 (d, ll.4)

T 59.7 (q) 3.41 (s) C4'

was placed at C-15 (3C 70.9, <SH 4.41) since H-15 showed
3-bond correlations with.C-13 (3 45.9), C-17 (S 50.0) and
the carboxylic acid carbonyl, C-30 (3 176.2).

The glycosidic unit was shown through 1H-1H cou-
pling constants and COSYdata to have the glucopyra-
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Fig. 5. CD curve of ascosteroside 2', 3', 6' tri-/?-bromoben-
zoate.

nose configuration. A small 1H-1H coupling (7= 3.5 Hz)
between the anomeric proton (3 4.83) and the adjacent
axial methine proton (H-2'? 3 3.21) indicated a-linkage.
A methoxyl group (C-7' 3 3.41) showed long range cou-
pling with C-4' (3 19.1), supporting placement at that
position. Linkage of the sugar to C-3 of the aglycone
was established by 1H-13C long range coupling between
the anomeric carbon (3 95.1) and the C-3 methine
(3 3.91) and the anomeric proton (3 4.83) with C-3
(3 74.4). The above data indicate that ascosteroside
(1) consists of an a-linked 4-O-methyl glucoside of
a lanostane-type triterpenoid.

The absolute configuration of the 4-<9-methyl
glucoside portion of ascosteroside was determined by

application of the exciton chirality method4). The 2', 3',
6' tri-/?-bromobenzoate derivative (3) of ascosteroside

was prepared for circular dichroism (CD) measurements.
A split CD curve was centered at 246nm, having a posi-
tive 1st Cotton effect at 257nm, and a negative 2nd
Cotton effect at 235 nm. The large amplitude observed
(+44) is due mainly to the contribution of the 2', 3'
dibenzoate chromophore interaction (Fig. 5). A positive
chirality between the 2', 3' vicinal dibenzoates is thus
indicative of the D-configuration for the 4-O-methyl
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Table 3. Ascosteroside methyl ester (2): !H, 13C, NOE NMRdata (DMSO-dA

Carbon 13Cppm f ^PrPá" WHNQE
FF (mult, / (Hz))

Carbon 13Cppm , ***PPá" WHNOE

FF (mult, / (Hz))

Aglycone
1

34.8

28.1

74.4a1.28(m)P1.77(m)

a
2.03 (m)P 1.27 (m) 3.91 (m) Hla, H55 H29a,b,

HI', H2', H5'
4 150.2
5 46.2 1.83 (m)
6 20.6 1.57 (m)
7 25.5 a 1.80(m) H6,H7ftH15

13 2.14 H6, H7a, H15,

(d br, 13.4) C15^OH
8 127.1
9 138.9

10 39.6
ll 23.0 a2.14(m)

P 2.04 (m)
12 32.5 a 1.89(m) Hlla,jff,H12jff,H17,

H21

P 1.62 Hlla,ft H12a, H17,
(dd,8.4, 12.4) H18,H21

13 46.3
14 66.3

15 70.7 4.38 (t, 5.5) H7a,ft H16a,jff,
C15-OH

43.6

50.2
OH, 4.47

(d, 4.8)
a 2.52 (m)
P 1.39 (dd,

9.2, 13.4)
1.23 (m)

18.01.01 (s)

H15, H16ft H17
H15, H18, HI6a,

C15-OH

H12a,ft H16a,
H22a,ft H23

HIlft H12a,ft
H16ft H17, H19,
H20, H21, H23

1 9 18.6
0.81 (s) H20, H6, Hllouff,

HI8, H29a,b
20 35.2 1.50 (m)

21 18.6 0.88 (d, 6.4) H12a,ft H17, H18,
H20, H23

22 34.4 1.06 (m)
1.48 (m)

23 30.6 1.85 (m)
2.00 (m)

24 155.8

25 33.2 2.19

26 21.7

27 21.8

28 106.6

29 103.6

30 174.9

31 51.8

4'-OMe-glucose
1' 95.2 (d)

2' 72.1 (d)

y 73.1 (d)

4' 79.7 (d)

5' 71.9 (d)

6' 60.6 (t)

59.7 (q)

(septet, 6.8)
0.97 (d, 6.8)

0.98 (d, 6.8)

a. 4,69 (s)
b,4.63 (s)
a. 4.58 (s)
b.5.10 (s)

3.51 (s)

4.83 (d, 3.5)
3.22 (dd, 3.0,

9.6)
3.64 (t, 9.2)

2.93 (t, 9.2)
3.38 (m)

3.43 (m)
3.47 (m)
OH, 4.52

(t, 5.5)
3.41 (s)

H19, H29a, H3'
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Fig. 6. Ascosteroside methyl ester: Key ^^H NOE's.

glucose unit.

The relative configuration of the aglycone portion of
ascosteroside was determined by NOEdifference spec-
troscopic measurementson the methyl ester derivative
(2), and the results are summarized in Table 3. The trans
A/B ring juncture was supported by NOE's between
triaxial protons H-3 (S 3.91) and H-la (8 1.28), H-5 (8

1.83). This is also consistent with linkage of the sugar at
the 3jS position. A strong NOEbetween the two angular
methyl groups H-18 (S 1.01) and H-19 (3 0.81), together
with NOE's between the H-18 methyl group and H-20
(5 1.50), H-21 (Me, 8 0.88) indicated that the two angular
methyls and the C-17 side chain reside on the sameface
of the tetracyclic triterpene system. In addition, the strong
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NOE(e.g. close proximity) between the angular methyls
is consistent with a trans C/D ring juncture. No NOE
was observed between the carbomethoxyl (3 3.51) and
the angular methyl H-18 (3 1.01). NOE's were observed
between H-16/? (5 1.39) and angular methyl H-18, and
the C-15 OH proton (3 4.77). Proton H-16a (3 2.52) in
turn, displayed NOE's with H-15 (3 4.38) and H-17 (3
1.23). The C-15 hydroxyl group is thus assigned to the /?
position. Finally, the observed NOE's between H-21 (Me
3 0.88) and H-12jS (3 1.62), and between H-20 (5 1.50)
and H-18 (3 1.01) establishes the relative configuration
at C-20. In summary, the NOEdata for ascosteroside
methyl ester are in agreement with the lanostane

configuration as drawn (Fig. 6).

Discussion

Ascosteroside (1) is a new antifungal agent isolated
from fermentation broths of Ascotricha amphitricha.
Structural studies have shown that the compound is a

glycosylated C30 tetracyclic triterpene having a lanostane
nucleus. The aglycone is unusual in that it contains an

exocyclic methylene group at C-4, a carboxylic acid group
at C-14, and a hydroxyl group at C-15. These features
distinguish it from other fungal lanostane triterpenoids
such as sulphurenic acid, eburicoic acid and the

polyporenic acids {Polyporus sp., Polyporaceae, Basidio-mycetes)5). The 4-methylene sterols are very unusual.
Only two examples, theonellasterol and conicasterol,

from marine sponges, have been published6). Further-
more, relatively few lanosterol-type sterols having a 14-
carboxy group have been isolated from natural sources:
lyofoligenic acid7), from the plant Lyonia ovalifolia,

penasterol8), from the marine sponge Penares sp., and
penasterone and acetylpenasterol9) from Penares incru-
stans. Ascosteroside showed in vitro activity against
S. cerevisiae and Candida albacans. Interestingly, the
methyl ester derivative (2) was less active against
S. cerevisiae, suggesting that the carboxylic acid group
is important for antifungal activity.

Experimental

General
All XHand 13C NMRspectra were recorded using a

Bruker AM-500 operating at 500.13 and 125.76MHz,
respectively, using a 5-mmbroadbanded probe. Chemical
shifts are reported in ppm relative to solvent (DMSO-d6
<5H 2.49, <5C 39.6). Low resolution mass spectrometric
analyses were performed with a SCIEX API-Ill tandem
quadrupole mass spectrometer, using an IONSPRAY
interface. Accurate mass measurementswere obtain-
ed by peak matching using a Kratos MS50 mass
spectrometer with a cesium iodide saturated glycerol
solution as the reference. MS/MSmeasurements were

JUNE 1996

performed with a Finnigan TSQ-70 triple quadrupole
mass spectrometer in the positive ion FABmode, using
a ra-nitrobenzyl alcohol matrix, and Argon as the pri-
mary particle source. UVabsorption spectra were de-
termined using a Hewlett Packard 8452A diode array
spectrophotometer. IR spectra were obtained on KBr
discs using a Perkin-Elmer 1800 Fourier transform
spectrometer. Specific rotations were recorded with
a Perkin-Elmer 241 polarimeter. Circular dichroism

spectra were obtained using a Jasco J-720 spectropo-
larimeter.

Preparation of Ascosteroside Methyl Ester (2)
Ascosteroside (1) (21 mg, 0.03 mmol) was dissolved in

a few drops methanol and mixed with excess etherial
diazomethane (3ml, prepared from Diazald reagent
according to Aldrich Co. technical bulletin AL-121,

1982). The contents were allowed to stand at 10°C for
18 hours. The mixture was concentrated under nitrogen
gas and dried. Final purification was accomplished by
preparative HPLC(C-18) as described previously, using
a mobile phase of acetonitrile-water 7 : 3, followed by a
linear gradient to 100% acetonitrile over 30 minutes. The
major peak (24 minutes) was collected and solvent

removed in vacuo to yield 12mgof pure ascosteroside
methyl ester (2): C38H60O9: TLC Rf 0.35 (CHC13-

MeOH 9: 1); [a]D +53° (c 0.17, MeOH); HRFAB-MS
m/z683.41 13 ([M +Na]+; calcd 683.4135); IRvmax (KBr)
3440, 2936, 2874, 1710, 1646, 1464, 1384, 1204, 1140,
1068, 1030, 972, 896, 778cm"1; XH NMR, 13C NMR
(Table 3).

Preparation of Ascosteroside 2', 3', 6' tri-/?-Bromo-
benzoate (3)

Ascosteroside (1) (5 mg) was dissolved in 1 ml pyridine
and mixed with excess /7-bromobenzoyl chloride (10 mg)
and dimethylaminopyridine (2mg). The contents were
heated to 60°C, with stirring, for 48 hours. Purification
of the crude product by silica gel preparative TLC
(0.5mm Merck plate) using hexane-acetone 7 : 3 as the
developing solvent afforded the 2', 3', 6' tn-p-

bromobenzoate (3) (1.2mg): C58H67O12Br3: TLC Rf
0.36(Hexane-Acetone7 : 3); HRFAB-MSm/z 1199.2307
([M+Li]+; calcd 1199.2342); MS/MS m/z 1201 [M+
Li]+, 1157 [M-COOH+Li]+, 1139 [M-COOH-

H2O+Li]+, 725 [C28H22O8Br3]+; CD k (As) (MeOH)
257 (+20.3), 246 (0), 235 (-23.9); UV AJJ£H nm (loge)
206 (4.54), 246 (4.66); XH NMR (500MHz, CDC13) 8
0.86 (3H, s, H-19), 0.91 (3H, d, /=6.3Hz, H-21), 1.00

(6H, d, J=6.8Hz, H-26, 27), 1.09 (3H, d, /=6.8Hz,

H-18), 1.10-2.30 (broad envelope, 20H), 2.73 (1H, m,

H-7), 2.84 (1H, m, H-16), 3.42 (3H, s, 4'-OMe), 3.55 (1H,
t,/=9.3Hz, H-4'), 3.97(1H,m, H-3),4.26(1H, m, H-5),

4:69 (1H, dd, /=5.5, ll.9Hz, H-6r), 4.54 (1H, d,

/=7.1Hz, H-15), 4.63 (1H, m, H-6'), 4.63 (1H, s, H-29),
4.69 (1H, s, H-28), 4.71 (1H, s, H-28), 5.12 (1H, dd,
/=3.7, 10.2Hz, H-2'), 5.33 (1H, s, H-29), 5.37 (1H, d,
/=3.7Hz,H-lr),6.00(1H,t,J=9.5Hz,H-3% 7.51, 7.54,
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7.57, 7.80, 7.86, 7.89 (2H ea, d, /=8.5Hz, Ar-H's,

3 x bromobenzoate groups).
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