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Abstract

The fungal antibiotic botrydial (1) and related compounds constitute an important group of metabolites whose
biological activity was not previously known in depth. The isolation, in addition to known compounds of three
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and cytostatic activities shown by some of these compounds are slrongly correlated thh the stcreochemlstry of
the C-1/C-8 dialdehyde moieties. The relative configuration (S) of the C-1 substituent seems to play a critical
role in the binding of the substrate to the chemoreceptor. © 1999 Eisevier Science Ltd. All rights reserved.
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Most saturated and unsaturated diaidehgldes possess potent bioactivities. They are, for
instance, antibiotic,' fish toxic,? antifeedant’ and, in certain cases, have been suggested to be
natural defence metabolites.’

It has been reported that the biological activities of these compounds are linked to the
dialdehyde functionality.” However, small structural changes may modulate the biological
activities considerably, and the absolute stereochemistry of the dialdehydes, as well as their
ability to form bioactive autooxidation products during a bioassay, has been suggested to be of
importance.’

Botrydial’ (1) and structurally related compounds are characteristic metabolites of the
phytopathogen Botrytis cinerea. These compounds possess a 1,5-dialdehyde functionality with
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which has been reported to be responsible of the bioactivity showed by this compounds.

Previous results obtained by our research group have shown that these metabolites are
responsible for the typical necrotic lesion of the fungal infection and play an important role in
the pathogenicity of the organism in vivo®’. In particular, botrydlal (1) has shown phytotoxic
activity on tobacco leaves at a concentration of only 1 ppm . Likewise, this compound has also
shown an interesting antibiotic activity against Bacillus subtilis and Phytium debaryanum at
400 and 100 ppm, respectively’.

During the course of our investigation into new metabolites from B. cinerea, we detected, in
addition to other known metabolites, three new epimers of botrydial (1) from the strain
B. cinerea 2100. The bioassays carried out allowed us to relate the structural changes with the

potency of their biological activities.
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The strain B. cinerea 2100, obtained from CECT (Coleccién Espaiiola de Cultivos Tipo),
was cultured by shaking on a Czapeck-Dox medium for 3 days. The fermentation broth was
extracted with ethyl acetate as described in the Experimental section. Chromatography of the
extract on silica gel, followed by final purification using HPLC (normal phase, petroleum
ether/ethyl acetate), led to the isolation of 3 new epimers of botrydial (1): 8,9-epibotrydial (2),
1-epibotrydial (3) and 1,8,9-epibotrydial (4). Furthermore, metabolites 1° and 5-10>7"" were
isolated in sufficient amounts to allow the phytotoxic, antibiotic and cytotoxic assay.

Compound 2 was obtained as a crystalline material, the high-resolution mass spectrum, of
which indicated a molecular formula C;;H0Os. Its 'H-NMR spectrum (see Table 1) showed
signals very similar to those of botrydial (1). However, the upfield shift of the signals
corresponding to H-5 and H-1 and the deshielding of the signals corresponding to H-2, H-4,
H-13 and H-14 suggested that this compound was the C-8, C-9 epimer of botrydial (1).In
addition, the signal to 8= 3.71 ppm assigned to the hydroxyl group appeared as a doublet by a
long distance coupling with H-5, as showed the COSY experiment. This fact confirmed a R
configuration for C-9. A qualitative analysis of the N.O.E. experiments confirmed this. In
particular, N.O.E. interactions were detected between H-5, H-1 and H-14, supporting the
proposed stereochemistry of the aldehyde group at C-8. Likewise, N.O.E. interactions were
observed between H-15, H-10, H-2, H-4 and Cq-OH, confirming the epimerization at C-9 (see
Figure 1).
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Tabie i. 400 MHz 1i-NMR data of compounds 2, 3 and 4 in CDCl,.
Proton 2 3 4
1 218 (ddy 788 /AN o e WT3Y
i FaR gty 4.0 \uly L. 13\
2 2.49 (m) 2.23 (m) 2.59 (m)
3a 2.26 (ddd) 1.99 (ddd) 2.11 (ddd)
3B 1.00 (ddd) 1.54 (ddd) 1.40 (ddd)
4 5.26 (ddd) 4.98 (ddd) 5.31 (ddd)
3 1.79 (dd) 2.15(d) 2.43 (dd)
Ta 2.26 (d) 1.36 (d) 2.26 (d)
7B 1.45 (d) 2.36 (d) 1.49 (d)
10 9.73 (d) 9.89 (d) 9.99 (d)
11 0.97 (d) 1.12 (d) 0.92 (d)
12 1.20 (s) 1.27 (s) 1.13 (s)
i3 1.12 (s) 1.12(s) 112 (s)
14 1.31(s) 1.06 (s) 1.25(s)
15 0 S® {c) QAN I 0 <Y feh
LRy O \3) 7.4 \D) FT.JL\>)
CH;-COO 2.03 (s) 2.04 (s) 2.05(s)
OH 3.71 (d) 3.63 (brs) 3.16 (d)

J(HT) 2: J|_2 = 112, J].m = 3~7;J3a-3ﬂ =12.5; J3u.4 = 4.7; .]33_4 =] 10; .]4,5 = l].O, Js,on = 16, J7,_.(_7l_; =
133, Ju.z =6.6.3: J| 2 = 5. 9 .]| 0= 3. 3 Jguz =4, 5 J3ﬂ3B =13. 4 Jzﬂ_.g =4, 6; J3pz =938; J3¢.4 =84,
J’4‘5=g4;.l'7a75 l_)u, lnz—l.) ‘! Jlm—JJ J3a2"|4 J3u-3ﬁ-}327'}3a4 JA Jgﬂz"l.)é,

S0 =108, S =108, Lou=18; 7,2 =129;J;,,=73.

=< 3p-4 205 85 VL0, 500 <95 e 7p + 7y L1

Table 2. 50 MHz and 100 MHz "*C-NMR data of compounds 2, 3 and 4 in CDCl;.

Carbon 2 (50MHz) 3 (100MHz) 4 (100MHz)

1 60.34 (d) 55.61 (d) 353,27 (d)
2 29.13 (d) 29.52 (d) 30.34 (d)
3 40.20 (t) 34.11 (t) 36.22 (1)
4 70.64 (d) 71.34 (d) 71.54 (d)
5 58.28 (d) 60.88 (d) *60.24 (d)
6 38.21 (s) 38.77(s) 37.60 (s)
7 50.87 (1) 48.92 (1) 50.33 (1)
8 57.16 (s) 59.63 (s) 58.69 (s)
9 89.19 (s) 86.86 (s) 86.88 (s)
10 207.52 (d) 205.50 (d) 204.31 (d)
11 19.47 (q) 19.46 (q) t21.00 (q)
12 34.25 (q) 34,52 (q) 34.54 (q)
13 27.06 (q) 28.01 (q) 27.58(q)
14 19.25 (q) 18.79 (q) ®18.25 (q)
15 207.79 (d) 205.79 (d) 206.43 (d)

CH,;-COO 21.28 (q) 21.51 (@) 21.29 (q)

CH,-COO 170.26 (s) 176.17 (5) -

%= interchangeable signals.
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C mpound 3 is also a crystalline material and possesses a molecular formula C;;H0s and
e < 1

. he 'H- and "C-NMR spectra (see Tables i
and 2) are similar to those of botrydial (1), the chemical shifts of H-1, H-3pB, H-3a, H-5 and
H-11 are different, while the magnitude of the coupling constant J,_, was found to change from
12.2 Hz in botrydial (1) to 5.9 Hz in 3. Hence, this compound was confirmed as the C-1 epimer
of botrydial (1). N.O.E. experiments confirmed the stereochemistry of the aldehyde group at
C-1. In particular, irradiation of the H-1 signal caused enhancement of the H-2 and H-14
signals, while irradiation of the H-2 signal produced enhancement of the H-1, H-4 and H-3a
signals, and irradiation of the H-14 enhanced the H-1, H-4 and H-7a signals. Irradiation of the
H-10 signal caused enhancement of the signals of H-3p and H-11, while irradiation of the H-5
and Co-OH signals enhanced the H-10 signal. These enhancements support the proposed
structure and stereochemistry for 1-epibotrydial (3) (see Figure 1).

The high-resolution mass spectrum and “C-NMR spectrum (17 signals) (see Table 2) of
compound 4 established the molecular composition as Cy;H»0Os. Hence, this compound is
another isomer of botrydial (1). The 'H-NMR : spectrum of this compound (see Table 1) showed

it is isomeric w
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very similar signals to those of botrydial (1). The principal difference observed between the
two spectra involves the form of the H—l signal, w.-ich had changed from dd in botrydial (1) to
tin 4, indicating an epimerization at C-1. This inference was supported by a deshielding of the
signals correspondmg to H-1, H-3B and H-5. Likewise, the precense of the signal
corrt:prﬁdmg to the nyur(‘)xy‘x group as a doublet b by the long distance coupling with H-5
....... Py PP PRV ek ok VO ~nen Lraean ~ A1 1 AT ) o)
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In particular, irradiation of the H-10 signal caused enhancement of the H-3p, H-5, H-11 and
CH;COQO signals, while irradiation of the H-1 signal enhanced the signal corresponding to H-2.
Likewise, N.O.E. interactions were found between Cy-OH and H-1, and between H-5 and H-14
(see Figure 1). Hence, this compound is the C-1, C-8, C-9 epimer of botrydial (1).

In order to relate the structural changes with the bioactivity, compounds 2-9 were tested as
phytotoxics and compounds 1-4 and 6-9 as antibiotics. In addition, botrydial (1) and
dihydrobotrydial (10), the major metabolites from the fungus, were tested as cytotoxics.

Phytotoxicity assays were carried out using the methodology described in the Experimental
section. Solutions of the metabolites (2—9) were prepared by dissolving the material in acetone
and adding water that contained 0.1% Tween 80, to yield concentrations of 1000, 500, 250,
100, 50, 25 and 10 ppm. The final volume of acetone in each case was 40%. The solutions
were placed on 1 cm' diameter circles of tobacco leaves and the leaves were then incubated for
a further period. The results showed that compounds 7, 8 and 9 were inactive while compounds
2-6 displayed phytotoxic activity. The results are summarised in Table 3.

The activities shown by epimer derivatives 2—4 are quite diverse. The difference between
botrydial (1) and its epimers is dramatic. Compound 1 showed high activity at a concentration
of 30 ppm, with the least effective concentration being 1 ppm,® while the 8,9-epimer derivative
(2) was active at 100 ppm, and compounds 3 and 4 displayed a minimal effective concentration
at 250 and 750 ppm, respectively. Clearly, the configuration (S) at the C-1 substituent plays a
critical role by interacting with approaching nucleophiles and, consequently, may be important
for binding of the substrate to the receptor site.’
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Table 3. Phytotoxic effect on Nicotiana tabacum of compounds 26 on day 7 of the bioassay.

Metabolite concentration (ppm) % Affected circles’ % Affected surface'?

8,9-Epibotrydial (2)

E¥4747aY

FRVAVIV) i 00 23-6
500 62 222
250 89 17.5
200 82 12.8

=
S
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1000 100 18.8

500 96 14.1
250 10 04
1,8,9-Epibotrydial (4)
1000 52 4.4
750 22 04
Botryendial (5)
1000 100 64.3
500 94 49.6
250 94 49.0
125 93 30.1
50 48 1.3
25 5 0.1
Botrydienal (6)
1000 100 83.5
500 98 58.5
250 100 454
100 100 149
50 74 104
20 74 9.8

*Arithmetic mean of the results from two independent experiments with 25 circles for
each concentration in each experiment (Standard deviation was always lower than 3%).
*Calculated as the surface affected compared to the total surface expressed in mm’.

Interestingly, the unsaturated dialdehydes 5 and 6
. inl
dl
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slightly less active than botrydial (1). Botryendial (5) and botrydienal (6) showed a high
antisritsr 4 Anmanntratinee A8 178 4 d DN cmiaian magmmantivals itk th o et teaa Affantiva
activity at concentrations of 125 and 20 ppm, respectively, with the minimal effective
Ill ~NL g -4 o | N Y Y T4 o3 reed Lo PSS 41

concentration (MEC) being 25 ppm (5) and 10 ppm (6). It is worth noting that these
compounds were active after only 24 h at all concentrations bioassayed. In addition, compound
5 reproduced the characteristic necrotic zone of the plant disease It is important to note t‘nat
botrydial (1) is easily transformed into derivatives § and 6 upon treatmem w1tn oxalic acid,’
and quantitatively transformed into 6 upon treatment with Fetizon’s reagent.'’

On the other hand, when dialdehyde 1 was oxidised to the diacid (see Experimental section),
the corresponding dimethyl ester was found to be inactive. Another methyl ester derivatives of

botrydial (1) have been described as non-phytotoxic.”
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Table 4. Antibiotic activity of compounds 1, 2 and 6 against Bacillus subtilis.

Metabolite concentration (ppm) Diameter of inhibition zones (mm)
Botrydial (1)
300 20
250 18
100 13
8,9-Epibotrydial (2)
500 25
250 16
150 13
Botrydienal (6)
500 18
400 13

As described above, it had been reported that botrydial (1) shows an interesting antibiotic
activity while dihydrobotrydial (10) is inactive. This fact seems to be related with the structural
changes of these compounds. To confirm these data, compounds 14 and 6-9 were tested
against Bacillus subtilis following the methodology described in the Experimental section.
Compounds 1, 2 and 6 were active with a minimum inhibitory concentration of 100, 150 and
400 ppm, respectively, while 3, 4 and 7-9 were not active. The results are summarised in
Table 4. Curiously, there is correlation between phytotoxic and antibiotic activities, as
demonstrated by the fact that compounds 1, 2 and 6 are more active as phytotoxic and
antibiotic agents.

Table 5. Cytotoxicity assays of compounds 1 and 10 against
tumoural and non-tumoural human cells.

iDso (ug/mi)
Cellular lines sothemy)

i i0
HUVEC 0.12 100
ASI-4 1 —*
MDA-MB-231 5 —
HT-1080 5 —
HT-29 3 40

*not active below 100 pg/ml

On the other hand, botrydial (1) and dihydrobotrydial (10), the major metabolites isolated
from the fungus, were tested as cytotoxics. Botrydial (1) showed high activity in screens to
detect in vitro cytotoxicity against HUVEC endothelial cells of the umbilical cord, ASJ-4
prepuce fibroblast, MDA-MB-231 breast adenocarcinoma, HT-1080 fibrosarcoma, and HT-29
colon adenocarcinoma. The IDs, values are summarised in Table 5. The results show that
botrydial (1) is active to IDsy values equal to or lower than 5 pg/ml against tumoural cells, but
it is also highly cytotoxic against non-tumoural cells. However, compound 10 was not active
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00 pg/ml, and was cytotoxic for the more sensitive lines HT-29 (IDs, = 40 pg/ml) and
HUVEC below 100 pg/ml.
It has been suggested that o,B-unsaturated aldehydes react as Michael acceptors with
approaching nucleophiles, such as thiol or amine groups of protems while 1,4-dialdehyde
moieties may form pyrrole derivatives with primary amino groups.? Such pyrrole formation has
only been observed for molecules that have the appropriate stereochemical configuration to
aliow intramolecular cycllzatlon
A study using molecular models and molecular mechanical calculations' revealed that
compounds 1 and 2, which showed the highest activities, presented a similar spatial disposition
of carbonyl groups. In these compounds the aldehyde groups are parallel where the aldehydic

groups and the oxygen of the tertiary hydroxyl groups must be coplanar, as shown in Figure 2.

-Oi

H CH,

O /
M l3 OH
H C\/_\j;%“ /L ACO\D‘%‘Q\IQHZS -

H,C \ / OH 9/7//
3 'CH3 H3C 3

[u—y
~

Figure 2. Comparison of the spatial arrangement of carbonyl and hydroxyl groups in compounds 1-4.

in concentrations below
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It can therefore be concluded that both corresponamg carbonyl moieties at the C-1 and C-8
carbon atoms of botrydial and related derivatives shouid be in close enough proximity to aliow

intramolecular cyclization with thiol or amine groups of a chemoreceptor.

Clearly, the results described above show that the biological activities are correlated with the
oxidation state of the aldehyde substituents at the C-1 and C-8 carbon atoms. This is especially
apparent when comparing the structural differences between botrydial (1) and the analogous
compounds 7-10, including the methyl ester derivatives previously reported’.

Curiously, compounds S and 6, which are unsaturated aldehydes that have been suggested to
react as Michael acceptors*'*, are less active than saturated aldehyde 1, although they are more
active than epimers 2—4.

Differences in the biological activities of compounds 1 and 4 support the idea that
bioactivity is strongly correlated with the stereochemistry of substituents at the C-1, C-8 and
C-9 carbon atoms. In particular, the relative configuration (S) of the C-1 substituent seems to
play a critical role in the binding of the substrate to the chemoreceptor.

EXPERIMENTAL

1.- General Methods

Melting points were determined with a Reichert-Jung Kofler block and are uncorrected.
Optical rotations were determined with a Perkin-Elmer 241 polarimeter. IR spectra were
recorded on a Perkin-Elmer 881 spectrophotometer. 'H- and “C-NMR measurements were
obtained on Varian Gemini 200 and Varian Unity 400 NMR spectrometers with SiMe, as the
internal reference. Mass spectra were recorded on VG 12-250 and VG-Autospec spectrometers
at 70 eV. HPLC was performed with a Hitachi/Merck L-6270 apparatus equipped with a
UV-VIS detector (L 4250) and a differential refractometer detector (RI-71). TLC was
performed on Merck Kiesegel 60 Fjs4, 0.25 mm layer thickness. Silica gel (Merck) was used
for column chromatography. Purification by HPLC was accomplished using a silica gel column
(LiChrospher Si-60, 10 um, 1 cm wide, 25 cm long or 5 pm, 0.4 cm wide, 25 cm long).

2.- Organism and Culture Conditions

Botrytis cinerea was obtained from the Coleccién Espafiola de Cultivos Tipo (CECT),
Facultad de Biologia, Universidad de Valencia, Spain. The fungus was grown at 24-26 °C in
40 flasks (500 ml) containing 160 ml of Czapeck-Dox medium, per flask, of composition: 5%
glucose, 0.1% yeast extract, 0.05% KH,PO,4, 0.2% NaNO;, 0.05% MgSO47H,0 and 0.001%
FeSO4H,0. The pH of the medium was adjusted to 7.0 and each flask was inoculated with
40 ml of a suspension of a 48 h old culture. Cultures were incubated for 3 days on an orbital
shaker at 250 rpm.
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column c‘rxfomamgrapny on silica gel, with an increasing gradient of ethyl acetate in petroleum
ether, followed by final purification using HPLC to afford botrydial’ (1) (587 mg),
8,9- eplbotryalal (2) (10 mg), 1-epibotrydial (3) (41 mg), 1,8,9-epibotridial (4) (2 mg),
botryendiai’ (5) (120 mg), botrydienal® (6) (7mg), botryenalol’ (7) (16 mg),
O-methyldihydrobotrydial® (8) (37 mg), 10-oxodihydrobotrydial'® (9) (3 mg) and
dihydrobotrydial® (10) (716 mg).

8,9-Epibotrydial (2)

White solid, mp 118-120 °C. [a]; +34.7 (c = 0.24, EtOAc). IR (film, CHCI;) 3494, 2963,
2930, 2751, 1727, 1462, 1385, 1242, 1066 cm™'. EIMS m/z (rel. int.) 311 [M + 177 (0.2), 293
M+1 —H«O] (15),251 M + 1 —A(:()H]+ (24),233 (M + 1 — AcOH - H«ﬂff (26), 205 (51)

N3 = AR il & 1

179(65\ 119(100\ HRPTMQ. calcd. for C;;H,50, {M+l_—_ 01" 293.1753, four d2931 74.

113 AVALD Al 1722

For lH and '3C NMR data see Tables 1 and 2.

1-Epibotrydial (3)

White solid, mp 109-111°C. [a]} +52.1 (c =0.14, CDClL). IR (film, CHCI;) 3481, 2961, 2876,
2739, 1726, 1462, 1368, 1244, 1023 cm™. EIMS m/z (rel. int.) 310 [M]" (4), 250 [M — AcOH]"
(4), 235 [M — AcOH — CHsj" (9), zu4 (39), 175 (100). HREIMS caled. for C;7H,605 [M]"
310.1780, found 310.1790. For 'H- and >C-NMR data see Tables 1 and 2.

1,8,9-epibotrydial (4)

Amorphous powder. [a]; +38 (¢ = 0.16, EtOAc). IR (film,CHCl;) 3482, 2960, 2930, 2872,
2721, 1725, 1467, 1387, 1250, 1032 cm™'. EIMS m/z (rel. int.) 250 [M — AcOH]" (3), 232
[M — HOAc — H,0]" (1), 204 (16), 69 (32), 55 (32), 43 (100). HREIMS calcd. for C7H50;s
[M]" 310.1780, found 310.17655. For 'H- and "C-NMR data see Tables 1 and 2.

4.- Biological Assays
4.1.- Phytotoxicity assays

Tobacco leaves from Nicotiana tabacum var. Xanthi NC were used. The leaves were
sterilised with 10% EtOH for 3 min, washed (x4) with sterile H,O. dried between filter papers

SiCIiil AU 107 O I, wasilCd wwitId SICTLIC 2200, QLICG DOWECIL 11T papets,
cut into circles of 1 cm diameter and placed in Petri dishes (25 circles per plate) containing
Whatman nanar n0 1 wattad with ctarila .Y The avtracnt {10 01} wae nlarad an aach Af tha
vviladniail paper I 1 WCOLICA Wil SiChic riv. 1 CAUACL (1vV pij wds pPialCl Ul calil Ut uic
Airnlac and tha nlatno vurara Lant at 28_2Q 0 frr 7 Adave
CITCICS aild Uil Piails WIT RCpL Al £45—=206 Ul 7 Gayo.
Tha nnrifind matahalitag warae diconlua in Ma . (') an NN10/L an Twaan RN Tha final
10€ purinica metanoGlites Wi UisSOived 11 VICUU alll v.vi /70 a. 1 WwOeLil Ov. 11T 1ifidl

ARMA O _LI N _Twra
- 1 vy



R. Durdn-Patrén et al. / Tetrahedron 55 (1999) 2389-2400 2399

oncentration and product, two plates

c ]
were obtained by counting the number of cnrcles affected compared with the total
5) and by determining the surface area affected compared with the total

4.2.- Antibiotic assays

Petri dishes (9 cm diameter) containing TSA medium (1.6% peptone from casein, 0.3%
peptone from soya, 0.25% glucose, 0.6% NaCl, 0. za”/ K,HPO, and 1% agar, pH adjusted to

~ o~

7.0) were inoculated with 3% of a culture of B. subtilis of ODgy = 1. After solidification, cups

were scooped out with a 10 mm sterile cork-borer and to each cup, 100 pl of a solution
containing the test compound at the defined concentration was applied.

The solutions of the compounds were prepared using the methodology described above for
the phytotoxicity assays. The same mixtures of Me,CO/H,O/Tween 80 were used as controls.
The plates were kept at 4 °C for 2 h to permit the diffusion of the product and then incubated at
30 °C for 16 h. After this period, the diameter of inhibition zones was measured.

4.3.- Cytotoxicity assays

The cytotoxicity of the compounds was tested against tumoural and non tumoural human
cells. The tumoural cellular lines used were MDA-MB-231 breast adenocarcinoma, HT-1080
fibrosarcoma and HT-29 colon adenocarcinoma, and the non tumoural cellular lines were
HUVEC endothelial cells of the umbilical cord and ASJ-4 prepuce fibroblast.

The test compounds were dissolved in DMSO, carrying out consecutive solutions. Controls
consisted of the same volume and identical dissolution of DMSO. The quantification was
performed through incubation with MTT and reading of the absorbance at 550 nm. The
measurements were duplicated.

5.- Oxidation of botrydial (1)

A solution of compound 1 (10 mg, 0.034 mmol) in 2 ml of EtOAc was treated with a
solution of 8 mg of KMnQO, in 150 pul of water and stirred vigorously for 3.5 h at room
temperature. Excess reagent was then destroyed with Na,SO;. The reaction mixture was diluted
with water, acidified to pH 2 and extracted with EtOAc (x4). The solvent was evaporated to
give a gum, which was methylated with diazomethane.l ml of a solution of diazomethane (64-
69% w/v\ in diethyl ether were and mixture was etirred for 10 minutes. The solvent and excess

of diazomethane were evaporated to afford 13 mg of dimethyl botrydiate (quantitative): mp

L LG/ IAE atbii U alliulyd 1. g Vi vl wilaty wualitiiall

125, lit" 125-126°C (Found C, 61.8; H, 8.1. C;9H30; requires C, 61.6, 8.2%); IR(film,

CHCl,) 3435, 1730, 1700 cm’; L IH-NMR (400 MHz, CDCl5) 0.84 (3H, d, J=6.3, H-11), 1.08
I o TI_12)Y 197 (AHT ¢ H.192V 1 82 (3 g H.1Ay 153 /1H 4 I=12 5§ 7). 197 (1H. d
\1ly Oy K171 )y Lo/ \Jily D9 LT 1L Jy Ladd \ LAy Oy RATLITTJy Kodod (HEAy Uy o 1Ladyg LAT/INA gy L7 7 (1114 U,
T—=112 .8 201 {1 = HN 203 M1AH ¢ CH.COODN 215111 ddd I=30 125 1113 -
JTTL LDy KR7J Jg UL \ 111y Ly 1274 Jy LeUJ \JE1y Oy WLIFUAIITJy L d o 11 Ey WU, U JeVUy LTy 11.7, 0K
3a), 2.28 (1H, d, J=12.5, H-7B), 2.55 (1H, d, J=12.6, H-1), 3.62, 3.65 (each 3H, s, -COOCH3),
£1N 11T de T— &£ 9 112 LAY BA NTMD 7100 MIT: ONYIY N D 7 011 21 2 7+ £_14)
2.10 111, Gt, J— 0.2, 11.5, I'1~4), U~INIVIN (1VUV VU4, LIJUIY) 4UV.L (Y, Lol ), £1.0 (Y, V=17,
AT AL~ CIT OO YT A .12 NN A OO 8L (0~ .17 27 Q4+ .2 2Q A4 (g (L)
L1.9 ({, LILUU-), £/7.9 ({4, L-10), UV (U, UL )y D200 Yy WmlLj, 7.0 (L W2, 0.5 (D5, W=V},
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51.5 and 52.0 ( each q, -COOCH3), 55.0 (s, C-8), 55.1 (t, C-7), 60.6 (d, C-5), 61.7 (d, C-1),
73.1 (d, C-4), 87.5 (s, C-9), 170.3 (s, CH;COO-), 174.1 and 179.0 (each q, -COOCHS).

ACKNOWLEDGEMENTS

This work was financed, in part, by grants from CICYT, PB95-1235-C-02-01 and FAIR 5-
PL97-3351. Authors acknowledge Dr. H. H. Riese of the Company Antibidticos Farma for the
undertaking of the bioassays of cytotoxic activity and to Dr. A. J. Macias-Sanchez
(Departamento de Quimica Organica, Universidad de Cadiz) for the study carried out by
molecular mechanical calculations.

REFERENCES

[1] Anke H and Sterner O. Planta Medica 1991; 57: 344-346.

[2] Asakawa Y, Harrison LJ and Toyota M. Phytochemistry 1985; 24: 261-262.

[3] Fritz G, Mills G, Warthen J and Waters R. J. Chem. Ecol. 1989; 15: 2607-2623 and literature cited therein.

[4] Jonassohn M, Anke H, Morales P and Sterner O. Acta Chem. Scand. 1995; 49; 530-535.

[5]1 Fehlhaber HW, Geipel R, Mercker HJ, Tschesche R and Welmar K. Chem. Ber. 1974; 107: 1720-1730.

[6] Rebordinos L, Cantoral JM, Prieto MV, Hanson JR and Collado 1G. Phytochemistry. 1996; 42: 383-387.

[7} Collado IG, Hernandez-Gal4n R, Prieto V, Hanson JR and Rebordinos LG, Phytochemistry. 1996; 41: 513-517.
[8] Kimata T, Natsume M and Marumo S. Tetrahedron Lett. 1985; 26: 2097-2100.

[9] Kimura Y, Fujioka H, Nakajima H, Hamasaki T and Isogai A. Agric. Biol. Chem. 1988; 52: 1845-1847.

[10] Collado IG, Hernandez-Galan R, Duran-Patron R and Cantoral JM. Phytochemistry. 1995, 38: 647-650.

[11] Fetizon M, Golfier M and Louis J-M. Tetrahedron 1975; 31: 171-176.

[12] Sodano G, Cimino G and Spinella A. Tetrahedron Lert. 1984; 25: 4151-4152.

[13] Burkert U and Allinger NL. Molecular Mechanics, ACS Monograph 177, American Chemical Society, Washington, D.C., 1982.
[14] Kubo I and Ganjian 1. Experientia 1981; 37: 1063-1064.

[15] Bradshaw PW and Hanson JR. J. Chem. Soc., Perkin I 1980; 741-743.



