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Abstract—(+)-Euryfuran adds regiospecifically to activated monosubstituted 1,4-benzoquinones under mild conditions to give the
corresponding Michael adducts which, depending on the quinone substituent, undergo in situ redox reactions to the respective euryfuryl-
benzoquinones. One of these Michael adducts undergoes a facile stereoselective cyclisation under oxidant conditions to afford a
naphthofuro[4,3-c]benzopyran derivative. The in vitro activities of the obtained euryfurylquinones and hydroquinones against Leishmania
amazonensis are described. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Among the broad structural variety of naturally occurring
quinones and hydroquinones those having a sesquiterpene
skeleton occupy a special place. These natural products
have attracted much interest in recent years due to their
inherent biological properties such as antitumour activity,
inhibition of the HIV 1 reverse transcriptase,3 and immuno-
modulation.”*

As part of our current research program towards the
synthesis of potential bioactive quinones’”’ we have
initiated studies on sesquiterpene quinones and hydro-
quinones derived from (+)-euryfuran 2, an antitumoral
drimane.® It is known that 1,4-benzoquinones bearing an
electron-withdrawing substituent (activated quinones) are
very reactive with nucleophiles which add regiospecifically
on the 3 position to give a variety of products.®~!?

The behaviour of these 1,4-benzoquinones could be
attributed to the quinone substituent which greatly enhances
the reactivity of the 3 position, allowing nucleophilic
addition to take place at this position, under very mild
conditions. Based on these precedents and those reported
by Eugster and co-workers'> and Kraus and Roth'* on the

* For Part 34 of this series see Ref. 1.
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furylation reaction of some activated quinones we decided
to explore the possibility to prepare euryfurylquinones and
hydroquinones by linking (+)-euryfuran to activated 1,4-
benzoquinones.

We report here results'® on the Michael reaction of (+)-
euryfuran (2) with activated monosubstituted 1,4-benzo-
quinones which provides a regiospecific access to anti-
protozoal active euryfuran derivatives containing a
quinone or hydroquinone fragment bonded to the 12
position.

2. Results and discussion

(+)-Euryfuran (2) was prepared via a two-step sequence
from natural (+)-confertifolin (1) according to our

o)
R 3aR=cHO
b. R = COMe
c. R = CO,Me
d. R=NO,
e R=CN
o
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previously published procedure.!¢ 1,4-Benzoquinones 3a—e
were selected as Michael acceptors.

The reaction of furan 2 with the unstable quinone 3a was
firstly examined by in situ generating 3a from 2,5-
dihydroxybenzaldehyde and silver(I) oxide in dichloro-
methane at room temperature. The reaction proceeds

Table 1. Products generated by reaction of furan 2 with activated quinones 3

rapidly to afford two products, which were isolated by
flash chromatography. The major product was characterised
as Michael adduct S5a and the minor showed spectral
properties in accord with compound 4 (Table 1). Interest-
ingly, when quinone 3a, prepared from 2,5-dihydroxy-
benzaldehyde and silver(I) oxide in a separate procedure,
was treated with euryfuran 2 in benzene at room

Quinone Method* Products
(yield)
0 A, 5a (35)
cHo 4(20)
B, 5a (90)
o
3a
5a 4
COMe
COMe
B, 5b (17)
6b (80)
(e}
3b
5b 6b
CO,Me
B, 6¢ (77)
o
3c
o}
NO,
A, 5d (27)
6d (46)
(e}
3d
5d 6d
A, Se (70)

* A: Quinone substrates were in situ generated from the corresponding hydroquinones and silver(I) oxide; B: quinone substrates were prepared from the

corresponding hydroquinones in separated procedures.
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Figure 1. Anisotropy effect of the furan ring on the methyl group in 5b.

temperature, compound 5a was obtained as the sole product
in high yield (Table 1).

Next, we examined the reaction of furan 2 with 2-acetyl-1,4-
benzoquinone (3b) in dichloromethane at room tempera-
ture. The reaction afforded after 5 h a mixture of Michael
adduct 5b, quinone 6b and 2,5-dihydroxyacetophenone. The
presence of 2,5-dihydroxyacetophenone, detected by 'H
NMR and thin layer chromatography (TLC) analysis of
the reaction mixture, indicates that 6b arises from a redox
reaction between adduct Sb and 3b.

It should be noted that the chemical shifts for the hydrogen
and carbon atoms of the acetyl group of Sb, appear at
unusual upfield values (6y=1.84 ppm, 6-=28.3 ppm). An
inspection of the optimised conformation of Sb using
CSChem3D software reveals that the aromatic rings are at
an angle of 77° (O1’-C2'-C1-C2) and the methyl group is
located into the shielding cone of the furan ring as shown in
Fig. 1.

We studied the reaction of furan 2 with 2-methoxycarbonyl-
1,4-benzoquinone (3¢) in dichloromethane at room
temperature. In this case the reaction occurred slowly
affording a mixture of quinone 6c¢ and methyl 2,5-
dihydroxybenzoate. The absence of the corresponding
Michael adduct can be ascribed to a slow addition of

5a

nucleophile 2 to quinone 3c, followed by a fast redox
reaction between the nascent Michael adduct and 3c.

The reactions of furan 2 with activated quinones 3d and e
were studied by in situ generation from the corresponding
hydroquinones and silver(I) oxide. The former provided a
mixture of Michael adduct 5d and the corresponding
quinone 6d, and the latter afforded the corresponding
Michael adduct Se.

The absence of quinone 6a in the reaction of furan 2 and
quinone 3a could be explained assuming its participation in
the formation of furopyran 4. Apparently, compound 4
could arise from 6a via: (i) cyclisation of zwitterion inter-
mediate 7 formed through an intramolecular hydride ion
transfer processI7 (pathway b); (ii) intramolecular reaction
of biradical intermediate 8 (pathway c) generated by
hydrogen transfer,'® or (iii) cyclisation of intermediate 9
formed by proton transfer (pathway d) (Scheme 1).

In order to shed some light on the course of the formation of
4, compound 5a was allowed to react with 1 equiv. of DDQ
in anhydrous dioxane under nitrogen atmosphere at room
temperature. The reaction progress was monitored by TLC
analysis using compound 4 as reference.

The reaction proceeded rapidly to give furopyran 4 as the
sole product. The same result was obtained when the
reaction was carried out in darkness. These experiments
support a stepwise ionic mechanism where compound 4
arises from the cyclisation of intermediates 7 or 9.

Taking into account that the reaction of compound 2 with
quinones 3a—e were performed using the same conditions, it
is reasonable to deduce that the absence of products type 4
in the reaction of 2 with 3b and ¢ could be attributed to the

Scheme 1. Probable mechanism formation of compound 4. Reactions: (a) oxidation, (b) hydride transfer, (c) hydrogen transfer and (d) proton transfer.
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redox potential of the quinone fragment in 6a and ¢, which
does not facilitate an intramolecular hydride transfer reac-
tion. This assumption was verified through an experiment
where furylquinone 6¢ was recovered after being treated
with DDQ in boiling toluene for 6 h. This result does not
disregard the fact that formation of 4 could proceed through
a proton transfer process. The resistance toward cyclisation
of 6b—d through this mechanism probably is due to the less
electrophilic character of the acetyl, methoxycarbonyl, and
nitro groups than the formyl group.

In view of the recent reported results'® on the conversion of
Diels—Alder adducts of furans into Michael adducts, we
decided to monitor the reaction of 2 with 3¢ in order to
have evidence on the participation of possible Diels—
Alder adduct intermediates on the formation of the Michael
adducts. The reaction progress was followed by 'H NMR
analysis in CDCl; at room temperature. The signals of
Diels—Alder adducts were not detected during the early
stage of the reaction; after 90 min, increasing production
of furylquinone 6¢ and methyl gentisate were found.

These results indicate that the reaction of 2 with quinones
3a-—e are initiated by a Michael addition to give the corre-
sponding adducts Sa—e which, depending on the formation
rate, undergo dehydrogenation reactions with the activated
1,4-benzoquinone 3 to give the corresponding furylquinones
6.

It is reasonable to assume that regiospecific formation of the
Michael adducts 5 is controlled by the nucleophilic attack of
2 to the activated quinones 3a—e through the less hindered
12 position.

(+)-Euryfuran (2) and compounds 4-6 were tested in
vitro against the intracellular Leishmania amazonensis
amastigotes stage in mouse peritoneal macrophages. The
results of the biological evaluation are indicated in Table 2.

Regarding the antileishmanial potential of the tested
compounds, it is clear that all the euryfurylquinones and
hydroquinones are more active than (+)-euryfuran (2) but
less active than the references drugs. The ID50 values
indicate that euryfurylhydroquinones Sa, b and e display
greater leishmanicidal activities than euryfurylquinones
6b—d. Among the evaluated products, compound Sa
shows promising activity at non-cytotoxic concentration
against macrophages.

Table 2. Inhibitory concentrations ID50 and cytotoxicity TCS50 of
euryfurylquinones and hydroquinones against L. amazonensis

Product IC50 (M) TC50 (uM)
2 >25 >25
4 18 13
5a 9 25
5b 16 8
5e 13 13
6b 25 50
6¢ 33 33
6d 25 25
dr. 1 2 >32
dr.2 5 0.1

d.r.: drug reference; 1: Chimanine B; 2: Amphoterecin B.

In conclusion, these results show the potential of the regio-
specific Michael reaction of (+)-euryfuran (2) with
activated 1,4-benzoquinones 3a—e for the synthesis of a
wide range of new quinones and hydroquinones containing
the (+)-euryfuryl moiety. This new type of sesquiterpene
quinone and hydroquinones can be considered as novel
compounds for the development of new antiprotozoal
agents. The access and antiprotozoal evaluation of new
members of this series is currently under investigation.

3. Experimental
3.1. General methods

Melting points are uncorrected. Optical rotations were
obtained for chloroform solutions on an Optical Activity
Ltd. polarimeter and their concentrations are expressed in
g/100 mL. 'H and C NMR spectra were measured on a
Bruker AM-200 spectrometer at 200 and 50 MHz, respec-
tively, in CDCl;. Chemical shifts (8) are expressed in ppm
downfield relative to TMS and the coupling constants (J) are
reported in Hz. 2D NMR techniques and DEPT were used
for signal assignment. IR spectra were recorded in KBr and
frequencies are in cm . The elemental analyses were
performed in the Analytical Laboratory of our Faculty.
Analytical and preparative TLCs were performed on
Merck DC-Alufolien GF254. Euryfuran 1 was prepared
according the procedure reported in the literature.'®
Substrates for the preparation of quinones 3a—c were avail-
able from commercial sources. Precursors for quinones 3d
and e were prepared by following procedures reported in the
literature.'>?°

3.1.1. Reaction of furan 2 with in situ generated 2-formyl-
1,4-benzoquinone (3a). A suspension of 2,5-dihydroxy-
benzaldehyde (177 mg, 1.28 mmol), euryfuran 2 (280 mg,
1.28 mmol), silver(I) oxide (350 mg, 1.52 mmol), and
sodium sulfate (500 mg) in dichloromethane (35 mL) was
vigorously stirred at room temperature for 1 min. The
mixture was filtered through kieselguhr and the filtrate
was evaporated under reduced pressure. The crude was
column chromatographed on silica gel (dichloromethane).
Evaporation of the less polar fraction afforded 11-hydroxy-
2,6,6-trimethyl-2bS,3,4,5,6,6aS,7,7aS-octahydro-1,8-dioxa-
cyclopenta[fg]naphthacene-12-carbaldehyde (4) (40 mg,
27%) as yellow crystals mp 143.5-144.5°C (Found: C,
75.23; H, 7.32. Cy,,Hp,O4 requires: C, 74.98; H, 6.86);
[a]lp?=—18.1 (¢, 16). IR v 3146 (OH), 1646 (C=0). 'H
NMR 6 11.47 (s, 1H, 11-OH), 10.64 (s, 1H, CHO), 7.26 (s,
1H, H-2), 7.14 (d, 1H, J=8.9 Hz, H-9), 6.72 (d, 1H,
J=8.9 Hz, H-10), 5.47 (d, 1H, J=7.6 Hz, H-7a,,), 2.40-
2.04 (m, 3H, H-7 and H-3), 1.81-1.26 (m, 6H), 1.18 (s,
3H, 2b-Me), 1.01 (s, 3H, 6-Me), 0.97 (s, 3H, 6-Me’). °C
NMR 6 196.9, 157.17, 146.50, 143.47, 137.3, 136.3, 126.5,
121.0, 119.7, 116.7, 113.9, 69.3, 49.6, 42.5, 37.4, 34.3, 33 .4,
33.3,27.0, 22.0, 21.4, 18.5.

The more polar fraction gave 3,6-dihydroxy-2-(6',6',9'a-
trimethyl-4/,5',5'aS,6',7,8',9’,9'aS-octahydronaphtho[1,2-
c]furan-3’-yl)-benzaldehyde (5a) (158 mg, 35%) as yellow
crystals mp 104-104.5°C (Found: C, 75.02; H, 7.67.
C,,H,60, requires: C, 74.55; H, 7.39); [alp>*=+102.4 (c,
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2.1). IR v 3423 (O-H), 1650 (C=0). "H NMR & 11.36 (s,
1H, 6-OH), 9.60 (s, 1H, CHO), 7.30 (s, 1H, H-1"), 7.20 (d,
1H, J=9.1 Hz, H-4), 6.94 (d, 1H, J=9.1 Hz, H-5), 5.72 (s,
1H, 3-OH), 2.70 (ddd, J=1.6, 6.5, 17.0 Hz, H-4,,), 2.42
(ddd, J=7.2, 11.3, 17.0Hz, H-4',), 2.01 (br d, 1H,
J=10.8 Hz, H-9',,), 1.90-1.31 (m, 8H), 1.25 (s, 3H, 9'a-
Me), 0.95 (s, 3H, 6/-Me), 0.92 (s, 3H, 6'-Me'). °C NMR &
196.7, 156.7, 146.9, 139.3, 138.9, 136.7, 126.1, 123.3,
119.4, 118.5, 117.2, 51.2, 41.9, 39.2, 34.1, 33.5 33.2, 25.0,
21.6,21.6, 18.9, 18.8.

3.1.2. Reaction of furan 2 with 2-formyl-1,4-benzoqui-
none (3a). A suspension of 2,5-dihydroxybenzaldehyde
(177 mg, 1.28 mmol), silver(I) oxide (350 mg, 1.52 mmol)
and sodium sulfate (500 mg) in benzene was stirred at 40°C
for 2 h. The mixture was filtered and the filtrate was added
to a solution of furan 2 (280 mg, 1.28 mmol) in benzene
(25 mL) and the mixture was left at room temperature for
5 min. Evaporation of the solvent followed by column chro-
matography (dichloromethane) of the residue afforded Sa
(342 mg, 76%).

3.1.3. Reaction of furan 2 with 2-acetyl-1,4-benzoqui-
none (5b). A solution of furan 2 (218 mg, 1.0 mmol), and
quinone 3b (150 mg, 1.0 mmol) in dichloromethane
(35 mL) was left at room temperature for 5 h. The solvent
was removed under reduced pressure and the residue was
column chromatographed on silica gel (dichloromethane).
The less polar fraction gave pure 3,6-dihydroxy-2-
(6',6',9'a-trimethyl-4',5',5'aS,6',7',8',9’,9’aS-octahydro-
naphtho[1,2-c]furan-3’-yl)-acetophenone  (5b) (61 mg,
17%) as yellow crystals mp 130.8—-131.0°C (Found: C,
75.36; H, 7.56. C;3Hy30, requires: C, 74.97; H, 7.66);
[a]p'=—22.26 (c, 5.39). IR v 3415 (OH), 2935 (C-H),
1635 (C=0). 'H NMR & 11.46 (s, 1H, 6-OH), 7.31 (s,
1H, H-1'), 7.13 (d, 1H, J=9.0 Hz, H-4), 6.97 (d, 1H,
J=9.1 Hz, H-5), 541 (s, 1H, 3-OH), 2.63 (dd, J=6.0,
16.5 Hz, H-4',), 2.36 (ddd, J=7.0, 11.3, 17.5 Hz, H-4',)),
2.02 (br d, 1H, J=10.9 Hz, H-9'.y), 1.84 (s, 3H, COMe),
1.81-1.27 (m, 8H), 1.24 (s, 3H, 9’a-Me), 0.95 (s, 3H, 6'-
Me), 0.92 (s, 3H, 6-Me’). "C NMR § 205.5, 155.5, 147.0,
140.6, 140.0, 136.5, 123.5, 122.0, 120.5, 120.4, 115.9, 51.5,
41.9, 39.3, 34.1, 33.5, 33.2, 28.3, 25.1, 21.6, 21.3, 18.9,
18.8.

From the more polar fraction 2-acetyl-3-(6’,6’,9'a-
trimethyl-4/,5’,5'aS,6',7',8',9’,9'aS-octahydronaphtho[ 1,2-
c]furan-3’-yl)-1,4-benzoquinone  (6b) (147 mg, 80%;
referred to 0.5 equiv. of 3b) was isolated as red crystals
mp 145-146°C (FOUI‘le C, 7524%, H, 7.33. C23H2604
requires: C, 75.38; H, 7.15); IR v 1772 (C=0), 1713
(C=0), 1672 (C=0). '"H NMR & 7.23 (s, 1H, H-1'), 6.76
(s, 2H, H-5 and H-6), 2.92-2.73 (m, 2H, H-4'), 2.40 (s, 3H,
MeCO), 1.97-1.23 (m, 8H), 1.20 (s, 3H, 9’a-Me), 0.94 (s,
3H, 6'-Me), 0.90 (s, 3H, 6'-Me’). *C NMR & 200.7, 185.5,
185.4, 141.7, 139.5, 139.1, 138.2, 136.4, 136.0, 131.1,
130.6, 50.7, 41.7, 39.2, 34.1, 33.4, 33.1, 31.4, 24.9, 23.7,
21.5, 18.9, 18.8.

3.1.4. Reaction of furan 2 with 2-methoxycarbonyl-1,4-
benzoquinone (3c). A solution of 2 (270 mg, 1.23 mmol)
and quinone 3¢ (205 mg, 1.23 mmol) in dichloromethane
(35 mL) was left at room temperature for 20 h. The solvent

was removed under reduced pressure and the residue was
column chromatographed on silica gel (dichloromethane)
to give 2-methoxycarbonyl-3-(6’,6’,9'a-trimethyl-4’,5,
5'aS,6’,7',8',9’,9'aS-octahydronaphtho[ 1,2-c]furan-3’-yl)-
1,4-benzoquinone (6¢) (181 mg, 77% referred to 0.5 equiv.
of 3¢) as red crystals mp 119-120°C (Found: C, 72.51; H,
6.91. Cy3HycOs5 requires: C, 72.23; H, 6.85); IR v 1744
(C=0), 1672 (C=0). 'H NMR & 7.25 (s, 1H, H-1'), 6.79
(s, 2H, H-5 and H-6), 3.88 (s, 3H, OMe), 2.86 (ddd, 1H,
J=22, 6.9, 18.4 Hz, H-4',,), 2.75 (ddd, 1H, J=6.8, 11.0,
182 Hz, H-4',), 1.95 (br d, 1H, J=12.1Hz, H-9'.),
1.87-1.23 (m, 8H), 1.20 (s, 3H, 9'a-Me), 0.94 (s, 3H,
6'-Me), 0.90 (s, 3H, 6'-Me’). °C NMR & 185.1, 183.7,
165.3, 141.7, 141.7, 139.6, 136.5, 136.0, 132.4, 131.1,
131.1, 52.5, 50.6, 41.7, 39.2, 34.0, 33.4, 33.0, 24.9, 24.0,
21.5, 18.9, 18.8.

3.1.5. Reaction of furan 2 with in situ generated 2-nitro-
1,4-benzoquinone (3d). A suspension of 2-nitro-1,4-di-
hydroxybenzene (179 mg, 1.15 mmol), furan 2 (251 mg,
1.15 mmol), silver(I) oxide (300 mg, 1.3 mmol) and sodium
sulfate (500 mg) in dichloromethane (30 mL) was stirred at
rt for 15 min. The mixture was filtered through kieselguhr,
the filtrate was evaporated under reduced pressure and the
residue was chromatographed on silica gel (dichloro-
methane). Evaporation of the less polar fraction gave
2-nitro-3-(6',6',9'a-trimethyl-4',5',5'aS,6',7/,8',9',9'aS-
octahydronaphtho[1,2-c]furan-3’-yl)-1,4-benzoquinone
(6d) (196 mg, 46%; respect to 0.5 equiv. of 2-nitro-1,4-
dihydroxybenzene) as violet crystals mp 162-163°C
(Found: C, 67.90; H, 6.24; N, 3.84. C,;H,3NOs requires:
C, 68.28; H, 6.28; N, 3.79); IR v 2929 (C-H), 1680
(C=0), 1661 (C=0), 1543 (NO,). '"H NMR & 7.34 (s,
1H, H-1'), 6.88 (s, 2H, H-5 and H-6), 2.93 (ddd, IH,
J=25, 7.1, 18.1 Hz, H-4' ), 2.81 (ddd, 1H, J=6.7, 11.3,
189 Hz, H-4',), 1.96 (br d, 1H, J=11.0Hz, H-9'),
1.89-1.23 (m, 8H), 1.20 (s, 3H, 9'a-Me), 0.95 (s, 3H,
6'-Me), 0.91 (s, 3H, 6-Me’). °C NMR § 184.3, 176.9,
142.4, 142.3, 142.2, 137.0, 136.7, 135.4, 134.9, 1249,
50.6, 41.7, 39.1, 34.1, 33.3, 33.0, 24.8, 24.4, 21.5, 18.8,
18.7.

From the more polar fraction 3,6-dihydroxy-2-(6’,6’,9'a-
trimethyl-4/,5’,5'a8S,6',7',8',9’,9'aS-octahydronaphtho[1,2-
c]furan-3’-yl)-nitrobenzene (5d) (117 mg, 27%) was
isolated as yellow crystals mp 104.0-104.5°C (Found: C,
67.83; H, 6.31; N, 3.88. C,;H»5sNOs requires: C, 67.91; H,
6.78; N, 3.77); [alp®=+102.4 (¢, 21). IR v 3451 (OH),
2944 (C-H), 1532 (NO,). '"H NMR & 9.56 (s, 1H, 6-OH),
7.25 (s, 1H, H-1"),7.22 (d, 1H, J=9.5 Hz, H-4), 7.12 (d, 1H,
J=9.5 Hz, H-5), 5.77 (s, 1H, 3-OH), 2.57 (ddd, 1H, J=1.6,
6.4, 16.9 Hz, H-4'. ), 2.32 (ddd, 1H, J=7.1, 11.4, 17.3 Hz,
H-4',,), 2.00 (br d, 1H, J=11.8 Hz, H-9',), 1.97-1.28 (m,
8H), 1.25 (s, 3H, 9'a-Me), 0.94 (s, 3H, 6’-Me), 0.91 (s, 3H,
6/-Me’). °C NMR & 148.7, 147.9, 139.2, 137.7, 136.8,
133.3, 124.6, 121.3, 121.1, 111.6, 51.2, 41.9, 39.2, 34.1,
33.5,33.2,25.1, 21.6, 21.1, 19.0, 18.8.

3.1.6. Reaction of furan 2 with in situ generated 2-cyano-
1,4-benzoquinone (3e). A stirred suspension of 2,5-di-
hydroxybenzonitrile (100 mg, 0.74 mmol), furan 2
(162 mg, 0.74 mmol), silver(I) oxide (927 mg, 4.0 mmol),
and sodium sulfate (500 mg) in dichloromethane (25 mL)
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was refluxed for 4 h. The mixture was filtered through
kieselguhr and the solids were washed with dichloro-
methane. The filtrate was evaporated under reduced
pressure and chromatographed on silica gel (dichloro-
methane) to afford 3,6-dihydroxy-2-(6',6',9’a-trimethyl-
4'5'5'aS,6',7',8',9',9’aS-octahydronaphtho[ 1,2-c]furan-3'-
yl)-benzonitrile (S5e) (183.0 mg; 70% with respect to
2,5-dihydroxybenzonitrile) as pale brown crystals mp 94—
96°C (Found: C, 75.50; H, 7.10; N, 3.76. CyH,sNO;
requires: C, 75.19; H, 7.17; N, 3.99); [a]p>=+17.94 (c,
2.23; MeOH). IR v 3384 (OH), 2949 (C—H). 'H NMR &
7.29 (s, 1H, H-17),7.10 (d, 1H, J=9.0 Hz, H-4), 6.91 (d, 1H,
J=9.0 Hz, H-5), 5.97 (br s, 2H, 3-OH and 6-OH), 2.78 (dd,
1H, J=6.0, 16.7 Hz, H-4'), 2.61 (ddd, 1H, J=7.2, 10.9,
17.2Hz, H-4',), 2.00 (br d, 1H, J=12.0 Hz, H-9'),
1.93-1.30 (m, 8H), 1.26 (s, 3H, 9'a-Me), 0.95 (s, 3H,
6'-Me), 0.92 (s, 3H, 6/-Me’). *C NMR & 153.9, 147.5,
139.8, 139.5, 136.5, 122.8, 122.7, 120.2, 117.5, 116.0,
98.7, 51.1, 41.9, 39.2, 34.1, 33.5, 33.1, 25.0, 22.0, 21.6,
19.0, 18.8.

3.2. In vitro cytotoxic screening

The isolation of macrophages and parasites (L. amazonensis,
strains LV79) was described previously in full details.*' For
all drugs, stock solutions were prepared in DMSO at a
concentration of 100 mg/mL. Two-fold serial dilutions
were made from 500 pg/mL in culture medium supple-
mented with 0.5% DMSO final. Twenty-four hours after
infection, freshly prepared drugs were added to the infected
cultures decreasing both the first final drug concentration to
100 pg/mL and the final DMSO concentration to 0.1%. This
DMSO concentration was proven to have no effect on
control cultures. Thirty hours after drug addition, infected
cultures were examined using an inverted phase contrast
Zeiss microscope (magnification of 400X). Note was
made of toxic effects in the host cells as evidenced by the
change in morphological features, i.e. loss of refringency,
vacuolation of cytoplasm or loss of cytoplasmic material.
Leishmanicidal effects of drugs are easily detectable by
observing the regression of parasitophorous vacuoles and
the overall decrease in parasite number. Under the best
conditions, complete clearance of amastigotes can be
achieved.

Acknowledgements

Financial support is gratefully acknowledged to FONDE-
CYT (Grant 8980003).

10.

11.

13.

14.

15.

16.

17.

18.

19.
20.

21.

. Valderrama,

References

. Valderrama, J. A.; Pessoa-Mahana, D.; Tapia, R. A.; Rojas de

Arias, A.; Nakayama, H.; Torres, S.; Miret, J.; Ferreira, M. E.
Tetrahedron 2001, 57, 8653—8658.

. Barrero, A. F.; Alvarez-Manzaneda, E. J.; Mar Herrador, M.;

Chahboun, R.; Galera, P. Bioorg. Med. Lett. 1999, 9, 2325—
2328.

. Loya, S.; Tal, R.; Kashman, R. Y.; Hizi, A. Antimicrob. Agents

Chemother. 1990, 34, 2009-2012.

. Bourguet-Kondraki, M. L.; Longeon, A.; Morel, E.; Guyot, M.

Int. J. Immunopharmacol. 1991, 13, 393-399.

. Valderrama, J. A.; Araya-Maturana, R.; Gonzédlez, M. F.;

Tapia, R.; Farifia, F.; Paredes, M. C. J. Chem. Soc. Perkin
Trans. 1 1991, 555-559.

J. A.; Gonzilez,
Tetrahedron 1999, 55, 6039-6050.

M. F.; Valderrama, C.

. Valderrama, J. A.; Fournet, A.; Valderrama, C.; Bastias, S.;

Astudillo, C.; Rojas de Arias, A.; Inchausti, A.; Yaluff, G.
Chem. Pharm. Bull. 1999, 47, 1221-1226.

. Gulavita, N. K.; Gunasekera, S. P.; Pomponi, S. A. J. Nat.

Prod. 1992, 55, 506-508.

. Farifia, F.; Valderrama, J. An. Quim. 1976, 72, 902-909 and

references cited therein.

Naruta, Y.; Uno, H.; Maruyama, K. Chem. Lett. 1982, 961—
964.

Kuckldnder, U.; Herweg-Wahl, U.; Massa, W.; Baum, G.
Chem. Ber. 1987, 120, 1791-1795.

. Valderrama, J. A.; Gonzalez, M. F. Heterocycles 1993, 36,

1553-1560.

Kuser, P.; Frauenfelder, E. F.; Eugster, C. H. Helv. Chim. Acta
1971, 54, 969-979.

Kraus, G. A.; Roth, B. J. Org. Chem. 1978, 43, 4923-4924.
A preliminary communication of this work has appeared:
Valderrama, J. A.; Cortés, M.; Pessoa-Mahana, D.; Preite,
M.; Benites, J. Tetrahedron Lett. 2000, 41, 3563—-3566.
Cortés, M.; Razmilic, I.; Lopez, J. Bull. Soc. Chim. Belg. 1987,
96, 631-632.

For a review in this area, see: Becker, H.-B.; Turner, A. B.
Quinones as Oxidants and Dehydrogenating Agents. The
Chemistry of Quinonoid Compounds; Patai, S., Rappaport,
Z., Eds.; Wiley: New York, 1988; Vol. 2, pp. 1352—-1384.
For a review in this area, see: Maruyama, K.; Olsuka, A.
Recent Advances in the Photochemistry of Quinones. The
Chemistry of Quinonoid Compounds; Patai, S., Rappaport,
Z., Eds.; Wiley: New York, 1988; Vol. 2, pp. 835-852.

Itoh, K.; Kitoh, K.; Sera, A. Heterocycles 1999, 51, 243-248.
Ansell, M. F.; Nash, B. W.; Wilson, D. A. J. Chem. Soc. 1963,
3028-3036.

Antoine, J. C.; Prina, E.; Jouanne, C.; Bongrand, P. Infect.
Immun. 1990, 58, 779-787.



