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Abstract: As part of a program to discover new drugs for the treatment of tropical diseases, we have

ienlatad and idantifiad talanls
isolated and identified six new metabolites from the Palauan sponge Plakortis aff. angulospiculatus.

Two cyclic peroxides show strong in viro antiproliferative effects on promastigotes of Leishmania
mexicana, a flagellate protozoan that causes leishmaniasis. The structures of the cyclic peroxides 1, 2
and 5 and furans 3, 4 and 6 were elucidated by interpretation of spectroscopic data, molecular
modelling, and chemical interconversions. © 1998 Elsevier Science Ltd. All rights reserved.

Leishmaniasis is a tropical disease that affects an estimated 350 million people in equatorial Asia,
Africa and Central and South America. It is found in many of the world's poorest countries, where it is
estimated that 1.5 to 2 million people are infected each year.! In Central and South America, the causativ
agent is the protozoan Leishmania mexicana, which has a reservoir in the rodent population and is transmitted
by flies. The most common drugs for the treatment of leishmaniasis (pentostant and glucantil) contain
pentavalent antimonials that have cardiotoxic effects
amphotericin B and azoles have equally unpleasant side effects. The urgent need for alternative treatments has

led to a program to screen natural products for potential use in the therapy of leishmaniasis.

E-mail: rcompag@strix.ciens.ucv.ve (Reinaldo Compagnone), jfaulkner@ucsd.edu (John Faulkner).
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Sponges of the genus Plakortis are well known for their ability to produce cyclic peroxides and related

metaboiites.’ Studies have shown that some cyciic peroxides from sponges are cytotoxic* while others activate
cardiac SR Ca?* pumping ATPase.’ In this paper, we describe the isolation and identification of six new

metabolites from the Palanan sponge Plakortis aff. angulospiculatus a and

the results of in vitro bioassays

against Leishmania mexicana.
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Specimens of Plakortis aff. angulospiculatus were collected in two different locations in Palau in 1993
and 1996. The 1993 specimen was extracted with methanol and, after partitioning against water, the ethyl
acetate soluble material was chromatographed on silica gel to obtain (35,6R,8S)-4,6-diethyl-3,6-epidioxy-8-
methyldodeca-4-enoic acid (1), 3,6-epidioxy-4,6,8,10-tetracthyltetradeca-7,11-dienoic acid (2), methyl
(2Z,6R.85)-4,6-diethyl-3,6-epoxy-8-methyldodeca-2,4-dienoate (3), and methyl (2Z,6R,85)-3,6-epoxy-4,6,8-
triethyldodeca-2,4-dienoate (4). The 1996 specimen was extracted and separated in a similar manner to obtain
(35,6R,85)-4,6-diethyl-3,6-epidioxy-8-methyldodeca-4-enoic acid (1) as the major compound, with methyl
(2Z,6R,85)-4,6-diethyl-3,6-epoxy-8-methyldodeca-2,4-dienoate (3), methyl (35,6R,85)-4,6-diethyl-3,6-
epidioxy-8-methyldodeca-4-enoate (5), and methyl (2Z,6R,85)-6,8-dimethyi-3,6-epoxy-4-ethyldodeca-2,4-
dienoate (6) as minor metabolites.®

(35,6R 85)-4,6-Diethyl-3 6-epidioxy-8- was iso

id (1) was isolated as a colorless oil.
The moiecuiar formuia, C,,H;,0,, which was deduced from a high resolution mass measurement, requires
three unsaturation equivalents. The IR spectrum contained bands at 3000 (br) and 1710 cm'' that were

assigned to a carhoxylic acid groun. The *C NMR spectrum (Table 1) contained signals at § 176.6 due to the

e e L LI e LA

carboxylic acid, and at 137.4 (s) and 125.3 (d) which were assigned to a trisubstituted oiefin. The signais at



76.2 (d)

and 83.6 (s) are the onl
peroxide in order to satisfy the oxygen and unsaturation counts. In the HMBC experiment, correiations were

83.6 signals, thereby placing the olefin

g e

observed from the olefinic proton signal at 8 5.49 to both the 76.2

in the peroxide ring, and to the C-7 signal at 42.4 (t), which in

b PRl OANRIE 122N a TLT RN, WY 11nt

0.88, which requires the methyi group to be situated at C-8. The 'H NMR spectrum contains signais for two
ethyl groups, which were placed at C-4 and C-6 on the basis of HMBC correlations, and a signal at  4.57 (br
dd, 1 H, J=9, 3 Hz), assigned to C-3 on the peroxide rin ignals at 2.91 (dd, 1 H, J= 16,
9 Hzj and 2.61 {dd, 1 H, J = 16, 3 Hz), which are due io the met'hyiene group adjacent to the carboxylic acid.
The remaining NMR data are all completely compatible with the proposed structure.

In order to determine the stereochemistry of cyclic peroxide 1, it was first converted into the

corresponding 10do-lactone 7 by reaction of an aqueous solution of the sodium salt of the acid with iodine in
chloroform in a two-phase reaction. The NMR data for iodo-lactone 7 was assigned as shown in Table 1. As
expected, iodolactonization occurred to give a trans anti-planar product with H-3 axial and H-5 equatorial with
respect to the peroxide ring. There are NOESY correlations between the H-5 signal and signals due to H-7 and
CH.-17, but examination of molecular models suggested that both configurations at C-6 could give rise to
these correlations. However, by using PC Model (Serena Software) to generate the preferred conformartions
of the four diastereoisomers at C-6 and C-8 of the lactone 8, we concluded that the additional data afforded by
having the axial proton at C-5 would permit an unambiguous assignment of the stereochemistry at both
centers. Reduction of the iodo-lactone 7 with tri-n-butyltin hydride gave the lactone 8 in good yield. After
recording the 'H NMR, COSY and NOEDS spectra of lactone 8 in two solvents (CDCl, and 40% benzene-d
in CDCL,) to clarify those regions of the spectra where signals overlapped, we were able to measure NOE
correlations from the axial hydrogen at C-5 to H-3 and H-15, to establish the relative stereochemistry at C-6.
The equatorial hydrogen at C-5 showed NOE correlations to H-7 and CH;-17. Molecular modelling indicates
that there is limited rotation about the 6-7 and 6-15 bonds and to a lesser extent about the 7-8 bond, a

conclusion that is supported by the different chemical shifts of geminal protons at C-7 and C-15 and by the
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measurement can only be accompiished in the (6R*,85*
of M

)cC conformer. The absolute StCI‘COChleSII'y of this

series of compounds was determined by application of Mosher's method to the diol 9, that was formed by

eduction of the lactone 8 with zinc in acetic acid. The differences in proton ¢

s Y

signals in the (R)- and (5)-MTPA esters (10K 1

and 108) indicated that the absolute stereochemistry at the
secondary alcohol is S. This requires the (35,6R,8S) stereochemistry for lactone 8 which in turn establishes the
stereochemistry of the starting peroxide as (3S,6R,85)-4,6-diethyl-3,6-epidioxy-8-methyldodeca-4-enoic acid

(1.
3,6-Epidioxy-4,6,8,10-tetracthyltetradeca-7,11-dienoic acid (2) was obtained as a pale yellow oil. The

molecular formula, C,,H;,0,, was determined by high resolution mass measurement. The IR spectrum

,,,,,,,, - L

contained a broad hydroxyl band at 2600-3400 cm™ and a carbonyl band at 1710 cm™, which again indicated

the presence of a carboxylic acid, and this assignment was supported by a '*C NMR signal at § 178.1. The '*C
NMR spectrum also contained signals for disubstituted and trisubstituted olefins at & 141.9 (s), 133.0 (d),
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methyl carbons, eight methylene carbons, and two methine carbons in the aliphatic region. Comparison of

these data with literature values for methyl 3,6-epidioxy-4,6,8,10-tetraethyltetradeca-7,11-dienoate (11)

4

hat the peroxi was the hat had been obtained by

s anid A
wds UIC dC1d O

Y

strongly suggested that the peroxide 2 methyi ester 11 d by
methylation of a mixture of acids from Plakortis halichondrioides from Belize.” Comparison of the 'H NMR
spectra of peroxides 2 and 11 provided support for this structural assignment and confirmed the cis

HMQC and HMBC experiments, were completely compatible with the proposed structure, we did not pursue

the structural assignment further, other than to methylate 2 to produce a methyl ester with spectroscopic data

comparable but not identical to those of 11,* and thus the stereochemistry at C-6 and C-10 remain to be
determined.®

The major furan in both the 1993 and 1996 samples was methyl (2Z,6R,85)-4,6-diethyl-3,6-epoxy-8-
methyldodeca-2,4-dienoate (3), which was isolated as a clear oil. The molecular formula was established as

LA

C,sH;3,0;. The IR spectrum contained bands at 1715 and 1690 cm™', which are appropriate for an unsaturated

ester, and an absorption at 283 nm (g 9,000) in the UV spectrum indicated the presence of extended
conjugation. Having recently completed a study of the absolute stereochemistry of methyl (2Z,6R,8R,9F)-3,6-

epoxy-4,6,8-triethyl-2,4,9-dodecatrienoate (12) from P. halichondrioides," we recognized that the spectral

data were diagnostic for a closely related furan ester. The *C NMR spectrum contained signals at & 166.9 (C-

171

“

(C-3) 1401 (C-4)
\\/ J” 4 TVl \\./ 7}
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the corresponding signals in 12. Both th *C NMR spectra (Table 2) contained signals appropriate for
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two ethyl groups, one secondary methyl group and a short alkyl chain. The two ethyl groups were placed at

C-4 and C-6 and the secondary methyi group at resulting in the same side chain t in peroxide 1. If

8
5‘ ':'.'-

C-8,
we assume the mechanism shown in Scheme 1 for the conversion of peroxide 1, via the methyl ester 5, to the

corresponding unsaturated furan 3, then the relative stereochemistry of 3 should be (6

1saturated furan the 1 ou R,8S), which is the sam
as that determined for 12.

The minor furan in the 1993 collection was methyl (2Z,6R.85)-3,6-epoxy-4,6,8-triethyldodeca-2,4-

Q,, derived from both *C NMR and

dienoate (4), which was isolated as an oil. The molect

1rY A TR £v

mass spectral data, indicated that 4 is a homolog of 3. The '"H NMR spectrum of 4 is aimost identical to that of

3 except that the signal for the methyl group at C-8 has been replaced by the signals of an ethyl group (Table

2). The 9,10-olefin in the known compound methyl (2Z,6R,8R 9F)-3,6-epoxy-4,6,8-triethyl-2,4,9-
dodecatrienoate (12) was reduced with diimide to obtain a dihydro derivative whose 'H and *C NMR spectra

were identical to those of 4. Based on the sign and magnitude of their optical rotations, and because the
spectral data were otherwise identical, we assume that the stereochemistry of 4 is (6R,8S).

The minor furan in the 1996 collection was methyl 6,8-dimethyl-3,6-epoxy-4-ethyldodeca-2,4-dienoate
(6), which was isolated as an oil. The molecular formula, C,,H,;0,, derived from both *C NMR and mass
spectral data, indicated that 6 is a lower homolog of 3. The 'H NMR spectrum of 6 was almost identical to
that of 3 except that an ethyl group had been replaced by a methyl group at C-6 (Table 2). The
stereochemistry is assumed to be the same as other compounds in this series.

A minor peroxide from the 1996 collection was identified as methyl (35,6R,85)-4,6-diethyl-3,6-
epidioxy-8-methyldodeca-4-enoate (5), the methyl ester of peroxide 1. Once the molecular formula, C,3H;,0,
had been established from mass spectral data, interpretation of the spectral data suggested a close relationship
between the two peroxides. This proposal was confirmed by treatment of the peroxy-acid 1 with
diazomethane in ether to obtain the corresponding methyl ester 5, the spectral data for which were identical to
those of the natural product.

Peroxides 1 and 2 and furans 3 and 4 were screened for their effects on the proliferation of Leishmania
mexicana promastigotes. The parasite was most sensitive to peroxide 1 (LDs, 0.29 pg/mL), which caused
lysis of the cell membrane after 24 h at a concentration of 1 pg/mL. A dramatic decrease in the mobility of the

parasite was noted within 30 minutes after drug addition. Peroxide 2 (LDs, 1.00 pg/mL) was less effective

Y
These data compare well with the antileishmaniacal activity of the sponge metabolite ilimaquinone (LDs, 5.6

pug/mL) but the peroxides are less effective than ketoconozole (LD, 0.06 ug/mL)."!
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Table 2. 'H and '*C NMR data for furans 3, 4, and 6.

3 4
C# B¢ 8y mult., J (Hz) d¢ Oy
I 1669 166.9
2 838 480 s 837 479
3 177 171.7
4 140.1 140.0
5 1398 620 brs 139.8  6.20
6 98.1 98.0
7 44.6 1.68 m,2H 41.7 1.59
1.78
8 28.7 128 m 27.1 1.23
38.1 1.1l m 34.4 1.10
1.23 m
10 29.2 1.22 m,2H 29.0 1.17
1 229 122 m,2H 23.0 1.28
12 14.1 084 t,3H 75 14.1 0.85
13 186 216 q,2H,7.5 186 2.16
14 12.1 1.15 +3H,75 12.1 1.15
15 31.9 1.56 m 31.7 1.71
183 m 1.83
16 80 077 t,3H,75 8.1 0.77
17 213 085 d,3H,6 34.3 1.18
i8 - - - 10.6 0.78
19 505 366 s,3H 50.5 3.66
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mult., J (Hz) 8¢ &y mult.,.J(Hz)

166.9
s 842 482 s

171.2

138.9
s 1414 626 s

95.4

m 46.1 1.67 dd, 14
m 1.72 dd, 14.5,5
m 29.0 130 m
m,2 H 37.9 122 m,2H
m,2 H 29.2 122 m,2H
m,2 H 22.9 122 m,2H
t,3H,7.5 14.1 0.84 t,3H,7
q.2H,7.5 185 213 q,2H,75
t,3H,7.5 11.9 1.14 t,3H,75
m - - -
t.,3H,7.5 25.8 141 s53H
m,2 H 212 085 d,3H,7
t,3H,7.5 - - -
s,3H 50.5 366 s,3H

o-”‘l\ _COOMe
| >

(o

H-B
N

y

|

—

/\/Y\FS\(COOMe
O

S OH



frozen. After 10 months at -20°C, the sponge (650 g wet wt.) was extracted with MeOH (3 x 1L) and the
combined extracts were concentrated to an aqueous suspension. Water (200 mL) was added and the

phase was extracted with EtOAc (2 x 200 mL) to obtain, after drvin

< 200 mL btain, after dryin
solvent, a crude organic extract (2'1 g) as an oil. A portion (2.1 g) of the oii was chromatographed on siiica gei
60 (200 g) using 19:1 CH,Cl,/MeOH as eluant to obtain three fractions. The least polar fraction was purified

by HPLC on silica using 9:1 hexane/EtOAc as eluant to obtain methyl (2Z,6R,8S5)-4,6-diethyl-3,6-epoxy-8-

me Lily 500 ) 1 ¥

oo/ 1

ata Vde 3 n n réa Yo d
te (3, 15 mg, §.08% dry wt.), and methyi (2Z,6R

/

R,85)-3,6-epoxy-4,6,8-triethyldodeca-
2.4-dienoate (4, 49 mg, 0.27% dry wt.). The second and third fractions from the silica column were combined
and further purified by HPLC on silica using 7:3 hexane/EtOAc as eluant to obtain (3S,6R,85)-4,6-diethyl-3,6-

M . atlea 1 A 2 A s A 71
CplulU)\y lcmylu cud~- "I"CHUK. aclid (1,

tetracthyltetradeca-7,11-dienoic acid (2, 50 mg, 0.27% dry wt.).

1996 Collection and Extraction: The sponge Plakortis aff. angulospiculatus (Collection no. 96-233) was

A o hand yroia ...orwr A ot Qinne
G Oy naia u:uug DU UDA al oiacs

frozen sponge (500 g) was extracted with methanol (1 L) at room temperature. The crude extract, which
d

showed modest levels of activity in a brine shrimp lethality assay, was partitioned between CH,Cl, and 15%

nnAQo/;.\uo wt ) ag the mai

a
T2 /70 YVwe YY) GO udiv 1iid

dienoate (3, 8.6 mg, 0.01% wet wt.), methyl (35,6R,85)-4,6-diethyl-3,6-epidioxy-8-methyldodeca-4-enoate (5,
7.4 mg, 0.0084% wet wt.), and methyl 6,8-dimethyl-3,6-epoxy-4-ethyldodeca-2,4-dienoate (6, 2 mg, 0.0023%
drv wt. \ as minor constituents,
(35,6R,85)-4,6-Diethyl-3,6-epidioxy-8-methyldodeca-4-enoic acid (1): colorless oil; [a]5-19.8 (¢ 0.89,
CHCL); IR (film) 2500-3400 (br), 1715, 1440, 1280 cm™'; 'H NMR (CDCl,, 300 MHz) see Table 1; °C NMR
(CDCl;, 100MHz) see table
(11), 139 (30), 125 (100%); HRFABMS m/z 316.2477, calcd. for C,;H;,;NO, (M + NH,)" 316.2487.
3,6-Epidioxy-4,6,8,10-tetracthyltetradeca-7,11-dienoic acid (2): colorless oil; [a],+164 (¢ 2.4, CHCL,); IR
7
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(55), 195 (11); HRFABMS m/z 295.2266, calc

Maoathol (V7 £ QC) 2 L _nnnwe A & Q _éuindl
IVACRILY & &dsyUdL yOuT J=IyU-CPUAY =y U, 01T ICLII

UV (MeOH) 285 nm (e 8900); IR (film) 2955, 2920, 1715, 1690, 1630, 1165 cm™'; "H NMR (CDCl,, 500
MHz) see Table 2; °C NMR (CDCl;, 50 MHz) see table 2; CIMS m/z (int., %) 309 (100, M + H)", 277 (41),
195 (8); HRFABMS m/z 309.2435, calcd. for C\jH;,0; (M + H)" 309.2430.
Methyl (35,6R,8S5)-4,6-diethyl-3,6-epidioxy-8-methyldodeca-4-enoate (5): colorless oil; [a],-21.1 (c 0.36,
CHCL); IR (film) 2955, 2920, 1745, 1460, 1255 cm!; 'H NMR (CDCl;, 300 MHz) & 0.86 (t, 3 H, J =7 Hz, H-
12),0.87(t,3 H,J=7.5 Hz, H-16), 0.88 (d, 3 H, /= 6.5 Hz, H-17), 1.06 (t, 3 H, J= 7.5 Hz, H-14), 1.22 (m, 6
H, H-9, H-10, H-11), 1.36 (dd, 1 H, J = 14.5, 8, H-7), 1.43 (m, 1 H, H-8), 1.45 (dd, 1 H, J= 14.5, 3 Hz, H-7),
63 (dd, 1 H, J=14.5, 7.5 Hz, H-15), 1.73 (dd, 1 H, J= 14.5, 7.5 Hz, H-15), 1.99 (m, 2 H, H-13), 2.55 (dd, 1
H, /=16, 3 Hz, H-2), 2.88 (dd, 1 H, J= 16, 9 Hz, H-2), 3.70 (s, 3 H, OMe), 4.59 (dd, 1 H, J=9, 3 Hz, H-3),
5.48 (brd, 1 H,J= 1.5, H-5) ; “C NMR (CDCl,, 100 MHz) 8 171.6 (C-1), 137.6 (C-4), 125.2 (C-5), 83.5 (C-
6), 76.6 (C-3), 51.9 (OMe), 42.4 (C-7), 38.3 (C-9), 37.2 (C-2), 30.9 (C-15), 29.3 (C-10), 28.4 (C-8), 24.9 (C-
13),22.9(C-11),22.2 (C-17), 14.1 (C-12),11.8 (C-14), 8.2 (C-16); EIMS m/z (int., %) 297 (1, M - Me)', 283
(5), 209 (6), 181 (19), 139 (30), 125 (100); HRCIMS m/z 330.2630, calcd. for C,gH,,NO, (M + NH,)"
330.2644.
Methyl (ZZ,6R,8S)-6,8-dimethyl-3,6-epoxy-4—ethyldodeca-2,4-dienoate (6): colorless oil; [a],- 129 (¢ 0.5,
CHCly); UV (MeOH) 283 nm (g 9400); IR (film) 2960, 2930, 1715, 1690, 1630, 1165 cm™; 'H NMR (CDCl,,
300 MHz) see Table 2; *C NMR (CDCl,, 100 MHz) see table 2; EIMS m/z (int., %) 280 (6, M"), 256 (1), 249
(3), 195 (2), 181 (100); HRFABMS m/z 2812106, caled. for C.. H,,0; (M +H)" 281.2117.

Py 27D R Ly, 202 AV L U, WG LOr.L2 12

Methylation of (35,6K,85)-4 ,b—dlethyl-j,6-ep1d1oxy-8-methyldodeca-4-enonc acid (1): Excess

diazomethane was distilled into a solution of the peroxy-acid 1 (4 mg) in Et,0 (1 mL) at 10 °C. After 30 min
at 10 °C, any excess diazomethane was destroye ) etic acl drop) and the solution wa,
filtered through a plug of silica gel to obtain the methyl ester 5 (4 mg, 96% yield), that was identical in all

respects to the natural product.
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Methylation of 3,6-epidioxy-4,6,8,10-tetraethyltetradeca-7,11-dienoic acid (2): Diazomethane (0.24
mmotl), generated from nitrosomethylurea in 1:1 Et,0/ 40% aqueous KOH (5 mL), was coliected in the
organic layer, which was added to a solution of the peroxy-acid 2 (18.4 mg, 0.05 mmol) in Et,0 (5 mL) at 10
°C. After stirring for 30 min at 10 °C, 5% acetic acid (5 mL) was added and the organic layer was washed

2 and H,O (5 mL). The organic layer was dried and evaporated to give an oil which

was chromatographed on silica (7:3 CHCl,/hexane) to obtain methyl 3,6-epidioxy-4,6,8,10-tetracthyltetradeca-
7,11-dienoate (11, 18 mg, 94% yield): 'H NMR (CDCl,) 6 0.82 (t, 3 H,.J=7 Hz), 0.83 (t, 3 H, /= 7.5 Hz),

36.0,42.5,42.8,51.9,78.8,84.4,127.4,131.8, 133.1, 142.5, 172 4.

Iodolactonization of (35,6R,85)-4,6-diethyl-3,6-epidioxy-8-methyldodeca-4-enoic acid (1): Iodine (50 mg,
0.32 mmol) was added to a cooled two-phase reaction mixture consisting of chloroform (1.5 mL) and a
homogeneous solution of the acid 1 (5 mg, 0.017 mmol) and NaHCO, (10 mg, 0.119 mmol) in water (1.5 mL)
at 0-5°C. The mixture was stirred at 25°C for 3 days, when the phases were separated. The CHCI, layer was
washed with 10% aqueous Na,S,0; solution until it was colorless and then with water (1 mL) and brine (1
mL). The solution was dried over anhydrous Na,SO, and the solvent removed. The residue was purified by
chromatography on silica gel using 5% EtOAc in hexane as eluant to obtain the iodo-lactone 7 (4 mg, 55%
yield) as an oil: [a], - 34 (¢ 0.22, CHCL,); IR (film) 2950, 2930, 1790, 1460, 1435, 1215 cm™; 'H NMR (5:1
CDCly/C¢Ds, 300 MHz) see Table 1; *C NMR (5:1 CDCI,/CDy, 100 MHz) see table 1; EIMS m/z (int., %)
395 (1, M - Et), 297 (1), 225 (6), 198 (100); HRFABMS m/z 447.0999, calcd. for C,;H,,IO,Na (M + Na)’
447.1008.

Deiodination of iodo-lactone 7: Tri-n-butyltin hydride ( 8 mg, 3 eq.) and AIBN ( 4.5 mg, 2 eq.) were added
to a stirred solution of iodo-lactone 7 (3.5 mg, 0.0082 mmol) in benzene (3 mL) and the mixture was stirred
for 15 min. at 25°C. The reaction mixture was filtered through a small column of silica gel and purified by
HPLC on silica using 10% EtOAc in hexane to obtain the lactone 8 (2.4 mg, 98% yield) as a coloriess oil: IR
(film) 2955, 2930, 1780, 1460, 1160 cm™"; '"H NMR (CDCl;, 300 MHz) see Table 1; *C NMR (CDCl,, 100

1). 127 (100): HRFARMS m/z

Ly F AV ],

MHz) see Table 1; EIMS m/z (int., %) 269 (16, M - Et), 256 (1)
Miz) see labie 1] BiMo m/z (nt, 7s) 207 (1 v t), 256 (1), 1

\c

316.
Reduction of lactone 8 to diol 9: Zinc (60 mg) was added to a solution of the lactone (8, 10 mg, 0.034
{

O (1.5 mL) containing acetic acid (100 pL) and the reaction mixture was stirred overnight at

25°C. The solution was filtered to remove the excess zinc and zinc acetate and the solvent was removed to

obtain the diol 9 (9 mg, 90% yield) as a colorless oil: IR (film) 2960, 2930, 1760, 1460, 1440, 1250, 1220,
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Hzj, 0.96 (i, =7.5 Hz), 1.23 (m, 6 H), 1.4
J=14,4Hz),1.63(q,2H),1.65(dq, 1 H,J=15,7.5

Hz),2.10(d, 1 H, J=15Hz), 2.54 (dd, 1 H,J=18.5,

5 o

acid (4 mg, 17 pmol) was added to two solutions of the diol 9 (1 mg, 3.3 umol), DCC (4 mg, 19 pmol) and
DMAP (0.5 mg, 4 umol) in dichloromethane (0.5 mL, distilled from P,O;) and the reaction mixture was stirred
under dry nitrogen at room temper: soivent was evaporaied and the residue was
chromatographed on silica gel using a disposable pipet column with 10% EtOAc in hexane as eluant to obtain
either the (R)-MTPA ester (10R, 1.2 mg, 69% yield) or the (5)-MTPA ester (108, 1.3 mg, 74% yield). The A8
values (ppm, g - 6;) were measured: H-2a, -0.013; H-2B, -0.108; H-3, -0.027; H-5a, +0.135; H-5B, +0.081;
H-13, +0.042; H-13', 0.025; Me-14, +0.026; Me-16, +0.065; Me-17, +0.030.

Diimide reduction of methyl (2Z,6R,8R,9E)-3,6-epoxy-4,6,8-triethyl-2,4,9-dodecatriene (12): A solution
of sodium acetate (15 mg) in water (1 mL) was added over the course of 3 hr to a refluxing solution of the
furan 11 (4 mg, 0.013 mmol) and p-toluenesulfonhydrazide (20 mg) in 1:1 THF/H,O (2 mL). Heating was
continued for an additional 30 min. The cooled solution was concentrated under reduced pressure, saturated
aqueous ammonium chloride (1 mL) and water (0.5 mL) were added, and the product extracted with CH,Cl, (4
x 5 mL). The combined CH,Cl, extracts were washed with 2N NaOH solution (2 x 5 mL) and dried over
Na,SO,. After evaporation of the solvent, the residue was purified by HPLC on Partisil using 8% EtOAc in
hexane as eluant to obtain methyl (2Z,6R,85)-3,6-epoxy-4,6,8-triethyl-2,4-dodecadienoate (4, 3 mg, 75%
yield), [a]p -111 (¢ 0.2, CHCL,). The 'H and *C NMR spectra are identical to those of the natural product.
Biological Assay: The bioassay employed parasites of the trypanosomatide family characterized by Ramirez
and Guevara'? as Leishmania mexicana (NR strain). The cells were cultured in Liver Infusion Tryptose
medium (LIT),"* supplemented with 10% Fetal Calf Serum (GIBCO) and transferred to fresh medium every 5

days. The bioassays were carried out in triplicate. As described by Rangel ef al.," different concentrations of

DMSO alone was used as control. The cultures were placed in a New Bauer chamber and monitored daily for

96 h using light dispersion at 560 nm to determine cell density. The cells were also monitored using a Nikon-
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