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Abstract

Six new polyketides, simplexolides A—E (1-5) and a furan ester, plakorfuran A (6), together with
four known furanylidenic methyl esters (7—10) were isolated from the marine sponge Plakortis
simplex. Compounds 1-5 feature a tetrahydrofuran ring opened seco-plakortone skeleton. These
new structures, including relative configurations, were determined on the basis of extensive
analysis of spectroscopic data. The absolute configurations of 1-6 were established by the
modified Mosher's method, and the CD exciton chirality method. However, configurations of the
remote stereocenters at C-8 in compounds 1-5 were not determined. Antifungal, cytotoxicity,
antileismanial, and antimalarial activities of these poly-ketides were evaluated.
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1. Introduction

Sponges of the genera Plakortis and Plakinastrella have been widely investigated for their
biologically active polyketides.1~8 Apart from a large number of cyclic peroxides they also
contain a group of y-lactones, including bicyclic peroxylactones (plakortolides),®19 bicyclic
furanolactones (plakortones),®11 Atalkylated lactones (amphiasterins),12 a,B-unsaturated
lactones (butenolides),13 and some seco derivatives (seco-plakortolides).8 Plakortones A—F,
featuring bicyclic furanolactones, are a class of ethyl branched (butyrate derived)
polyketides from the genus Plakortis. They show interesting biological activities that have
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been the focus of extensive chemical and pharmaceutical studies. Plakortones A-D are
cardiac sacroplasmic reticulum Ca2*-pumping ATPase activators, being active at micromolar
concentrations; 1! plakortones B—F exhibited moderate cytotoxicity against the murine fibro
sarcoma cell line WEHI 164;1# plakortone G, a closely related analogof the -y-lactone
isolated by Stierle and Faulkner,15 without a tetrahydrofuran moiety, showed antimalarial
activity against both the D6 and W2 clones of Plasmodium falciparum.t® The absolute
configurations of these plakortones were not confirmed during the initial isolation. The total
syntheses of plakortones B, D, and E helped to establish their absolute configurations
later.17-19 However, the absolute configurations of the other four plakortones A, C, F, and G
still remain unknown. Recently, plakortones L, N, and P were isolated from the sponge of
Plakinastrella clathrata® They have bicyclic furanolactone fragments like plakortones A-F,
but with methyl rather than ethyl substituents.

During the course of our continuing search for new drug leads from marine sponges
collected off the Xisha Islands in the South China Sea, besides the previously reported two
unusual polyketides simplextones A and B,20 we have recently isolated and identified six
new polyketides, simplexolides A-E (1-5) and plakorfuran A (6), together with four known
furanylidenic methyl esters (22,6 R,8 R,9E) [3-ethyl-5-(2-ethyl-hex-3-enyl)-6-ethyl-5H-
furan-2-ylidene]-acetic acid methyl ester (7),1° methyl (22,6 R,85)-4,6-diethyl-3,6-epoxy-8-
methyldeca-2,4-dienoate (8),2! methyl (22,6 R,85)-3,6-epoxy-4,6,8-triethyldodeca-2,4-
dienoate (9),2! and (22,6 R,8R,9£)[3-ethyl-5-(2-ethyl-hex-3-enyl)-6-methyl-5 H-furan-2-
ylidene]-acetic acid methyl ester (10)22 from the marine sponge Plakortis simplex. The
primary difference between compounds 1-5 and the previously isolated plakortones A-F
from Plakortis spp. is the opening of the tetrahydrofuran ring in 1-5. Herein, we describe the
isolation, structure elucidation, and initial biological evaluation of compounds 1-6.

2. Results and discussion

A sample of the sponge £ simplex, collected off the Xisha Islands in the South China Sea,
was exhaustively extracted with MeOH. The extract was suspended in water and
successively extracted with n-hexane, CH,Cl,, EtOAc, and 7-BuOH. The CH,Cl»-soluble
extract was subjected to repeated column chromatography followed by reversed-phase
preparative HPLC to afford compounds 1-10 as colorless oils.
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The molecular formula of compound 1 was assigned as C17H3003 by its HRESIMS (m/z
305.2094, [M+Na]*) and NMR data (Tables 1 and 2), displaying three degrees of
unsaturation. The IR absorptions indicated the presence of hydroxyl (3451 cm™1), double
bond (1655 cm™1), and ester carbonyl (1763 cm™1) groups. Analysis of the 1H NMR data
(Table 1) and HSQC spectrum revealed the presence of four methyls, seven methylenes, two
sp2 methines, one of which was oxygenated, one sp? methine, one oxygenated sp3
quaternary carbon, and two sp? quaternary carbons. By interpretation of 1H-1H COSY
correlations, it was possible to establish five partial structures of consecutive proton systems:
H-2/H-3, H-7/H-8/Me-17, H-11/Me-12, H-13/Me-14, and H-15/Me-16 (Fig. 1). The HMBC
correlations from Me-14 (64 1.01) to C-4 (&¢ 93.3), from H-13a (64 1.64) to C-3 (6¢ 72.4)
and C-5 (6¢ 120.1), and from H-3 (& 4.22) to C-1 (&¢ 174.9) indicated the attachment of an
ethyl group at C-4. Moreover, the HMBC correlations from Me-16 (6 1.03) to C-6 (¢
93.3) and from H-15 (&4 2.13) to C-5 (5¢ 120.1), C-6 (8¢ 148.6), and C-7 (&¢ 44.9)
demonstrated the linkage of C-5, C-7, and C-15 via C-6. The HMBC correlations from
Me-17 (&4 0.85) to C-9 (¢ 36.5), from H-9a (&4 1.11) to C-11 (6¢c 22.9), and from Me-12
(61 0.89) to C-10 (&¢ 29.2) defined the structure of the C-1 to C-12 portion of the molecule.
The C-1 ester carbonyl was confirmed to form a y-butyrolactone with the oxygenated C-4,
which was severely downfield shifted at 6c 93.3, to consume the remaining one degree of
unsaturation.

The relative configuration of 1 was established on the basis of NOESY data (Fig. 1). The
crucial NOE correlations between H-3 (& 4.22) and H-13a (&4 1.64) suggested that these
protons were oriented on the same face of the y-butyrolactone moiety. The £~geometry of
the A6 double bond was deduced from a NOESY correlation between H-5 (& 5.09) and
H-7a (64 1.87). The absolute configuration of C-3 was determined by applying the modified
Mosher's method to the secondary hydroxyl group.23:24 Compound 1 was reacted with (£)-
(-)- and (S)-(+)- a -methoxy- a -tri-fluoromethylphenylacetic acid (MTPA) chlorides to
give MTPA esters 1a and 1b, respectively. A consistent distribution of positive and negative
A6 values around C-3 allowed the assignment of S-configuration for C-3 (Fig. 2). On the
basis of the previously determined relative configuration, a 35,45 configuration was
assigned to simplexolide A (1). However, configuration of the remote stereocenter at C-8
was not determined.

Simplexolide B (2) was clearly an isomer of compound 1 on the basis of the identical
molecular formula of C17H3903 obtained by HRESIMS (/772 305.2095 [M+Na]™).
Comparison of the NMR data between 2 and 1 (Table 1) suggested that they had the same
planar structures except for the configuration of the double bond at C-5-C-6, which was
assigned as Z geometry on the basis of a NOESY correlation between H-5 and H-15 (Fig.
1). The NOE correlation between H-3 and H-5 indicated the same orientation of these two
protons. The absolute configuration at C-3 was determined to be S by the modified Mosher's
method (Fig. 2), implying that 1 and 2 were epimeric at C-4. On the basis of above-
mentioned analysis, a 35,4 R configuration was assigned to simplexolide B (2).

The molecular formula of compound 3 was established as C1gH3,03 on the basis of
HRESIMS (/m/z319.2247, [M+Na]*) and NMR data. The H and 13C NMR data indicated
that 3 is a homolog of 2. The 1H NMR spectrum of 3 was almost identical to that of 2 except
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that a methyl group was replaced by an ethyl group at C-8 (Table 2). The geometry of the
A58 double bond was assigned as £ based on the NOESY correlation between H-5 and H-7.
The crucial NOE correlation between H-3 and H-5 indicated that the relative configuration
was assumed to be the same as 2. The CD spectrum of 3 displayed a positive Cotton effect at
196 nm, which was similar to that of 2 (Fig. 3), suggesting that the absolute configuration of
3 was the same as that of 2. Thus, a 35,4~ configuration was assigned to simplexolide C (3).

Compound 4 exhibited a quasi-molecular ion peak at //z319.2251 ([M+Na]™, calcd
319.2249), consistent with the molecular formula of C1gH3,03. The *H and 13C NMR data
of 4 (Tables 1 and 2) were similar to those of 3. The geometry of the double bond at C-5 was
assigned as Z, supported by the NOE correlation between H-5 and H-15. The CD spectrum
of 4 revealed a pronounced positive Cotton effect with maxima observed at 196 nm (Fig. 3),
and this closely matched the CD spectrum of 3. Therefore, the absolute configuration of
simplexolide D (4) was assigned to be 354 R, consistent with those of 3.

The positive HRESIMS spectrum of simplexolide E (5) exhibited a pseudomolecular ion
peak at m/z305.2091 [M+Na]*, consistent with the molecular formula of C17H3003,
implying three degrees of unsaturation. Analysis of its NMR spectroscopic data revealed
nearly identical structural features to those of 2, except for the geometry of the double bond
at C-5, which was assigned as £ on the basis of an NOE correlation between H-5 and H-7.
The CD spectra of 5 showed a positive Cotton effect at 196 nm (Fig. 3), similar to that of 2,
suggesting that the absolute configuration of 5 was 354R.

The HRESIMS of compound 6 exhibited a pseudomolecular ion peak at /m/z345.2040 [M
+Na]* and established a molecular formula of C1gH3004, indicating five degrees of
unsaturation. The 13C NMR (Table 2) displayed 19 carbon signals, which were identified by
the assistance of the DEPT spectrum as 5 methyls, 5 methylenes, 3 sp? methines, 1
oxygenated sp3 methine, and 5 quaternary carbons. The carbon resonances at &c 84.0 (C-6)
and 171.4 (C-3) are identical as those for a furano a.,B-unsaturated ester.1*15 Furthermore,
an ester carbonyl was recognized as being present in 6 from its 13C NMR signal at ¢ 166.8
(qC, C-1) and strong IR absorptions at 1752 cm™L. By interpretation of COSY correlations
(Fig. 1), it was possible to establish the proton connections between H-15 and H-16, H-17
and H-18, H-9 and H-10, H-13 and H-14, and between H-11 and H-12. The connectivities of
these partial structures were further established by the HMBC correlations (Fig. 1). The
conjunction of C-10 and C-11 was elucidated on the basis of the HMBC correlation from
Hs-12 to C-10. Moreover, the HMBC correlations from H3-18 and H-10 to C-8 indicated the
attachment between C-9 and C-17 via C-8. The HMBC correlations observed from H3-16 to
C-6, and from H-15 and H-17 to C-7 indicated the connection of C-8 and C-15 through C-6
and C-7. The HMBC correlations of H3-19/C-1, H3-14 and H-2/C-4, H-5/C-3 and C-13, and
H-15/C-5 further confirmed the existence of an unsaturated furan ester. With this assignment
secured, the final oxymethine at C-10 had to be substituted with a hydroxyl group to satisfy
the molecular formula. Finally, the £~geometry of the A89 double bond was deduced from a
NOESY correlation between H-7 and H-9. The crucial NOE correlation between H-2 and
H-13 indicated that the geometry of the A%:3 double bond is assumed to be Z (Fig. 1). This
completed the assignment of the planar structure of plakorfuran A (6).

Tetrahedron. Author manuscript; available in PMC 2016 November 17.
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The absolute configuration at C-10 was determined to be /by applying a modified Mosher's
ester method to the secondary hydroxyl group (Fig. 2). The absolute configuration at C-6
was determined by applying the CD exciton chirality method.2> The CD spectrum of 6
revealed a negative Cotton effect at Aax 285 nm (Ae —5.49) and a positive Cotton effect at
Amax 205 nm (Ae 5.85) due to the transition interaction between two different chromophores
of the unsaturated furan ester and the A8 double bond (Fig. 4), indicating a negative
chirality for 6, thus concluding the absolute configuration as 6/,10R.

Simplexolides A-E (1-5) feature a previously unknown tetrahydrofuran opened plakortone
skeleton. A possible biogenetic pathway is proposed as shown in Scheme 1. Acetate,
propionate, and butyrate units are required to assemble the polyketide skeleton.26 The
double bond at A34 is oxidized to an epoxide. With acyl carrier protein (ACP) domain
releasing, the carboxylic acid cyclizes onto the opening epoxide togenerate a -y-lactone with
the insertion of a hydroxyl.2” In this lactonization step, a pair of stereoisomers are formed at
C-4 due to the nucleophilic attack of the hydroperoxy group onto C-4 of the epoxide group
from both of the side.

Compounds 1, 2, and 5-10 were tested for antifungal, cytotoxicity, antileismanial, and
antimalarial activities (Table 3). Compounds 2, 5, and 7-10 showed weak to moderate
antifungal activity against the fungi Cryptococcus neoformans. The cytotoxic activity of
compounds 1 and 2 against five human cancer cell lines, HCT-116 (colon cancer), HelLa
(cervical cancer), SW480 (colon cancer), QGY-7703 (hepatocarcinoma), and A549 (lung
carcinoma) was also assayed. The results showed that compound 1 exhibited much stronger
cytotoxicity against the five cancer cell lines, which was due to the stereochemistry
influenced. Compounds 2 and 10 showed moderate antileismanial activity againt Leishmania
donovani, while compounds 7-9 were a little weaker, and compounds 1, 5 and 6 were
inactive. Furthermore, the antimalarial activity against chloroquine sensitive (D6, Sierra
Leone) and resistant (W2, Indo China) strains of P. falciparum was tested. In this assay, only
compound 10 displayed antimalarial activity against D6 and W2 with ICsq values of 2.0 and
2.0 ug/mL, respectively, and both with Sl [ICgq(fibroblast)/ICgg(parasite)] of 2.4, while the
other compounds were inactive.

3. Experimental section

3.1. General experimental procedures

Optical rotations were determined with a Perkin—Elmer 341 polarimeter equipped with a 1
mm cell. The CD spectra were obtained with a JASCO J-715 spectropolarimeter. IR spectra
were recorded on a Bruker Vector 22 spectrometer using KBr pellets. The NMR experiments
were conducted on Bruker AVANCE-600 and Bruker AMX-500 MHz instruments in CDCl3
with TMS as an internal standard. HRESIMS and ESIMS were obtained on a Q-Tof micro
YA019 mass spectrometer. Reversed-phase HPLC was performed using Sunfire Cyg (5 pm)
and YMC-Pack Pro C4g RS (5 um) columns with a Waters 1525/2998 liquid chromatograph.
Column chromatography (CC) was carried out on silica gel 60 (200-300 mesh; Yantai,
China), and Sephadex LH-20 (Pharmacia). TLC was carried out using HSGF 254 plates and
visualized by spraying with anisaldehyde/H,SO4 reagent. Samples were weighed on a
Shushi analytical balance.

Tetrahedron. Author manuscript; available in PMC 2016 November 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Liuetal.

Page 6

3.2. Animal material

The sponge specimen was collected around Yongxing Island and seven connected islets in
the South China Sea in June 2007, and were identified by Prof. Jin-He Li (Institute of
Oceanology, Chinese Academy of Sciences, China). A voucher sample (No. B-3) was
deposited in the Laboratory of Marine Drugs, Department of Pharmacy, Changzheng
Hospital, Second Military Medical University, China.

3.3. Extraction and isolation

The air-dried and powdered sponge (2.0 kg, dry weight) was extracted with MeOH, and the
crude extract was concentrated under reduced pressure at 45 °C to yield 500 g of residue.
The residue was then extracted successively with 7-hexane, CH,Cl,, EtOAc, and 7-BuOH.
The CH,Cl, extract (41 g) was separated by vacuum liquid chromatography (VLC) on silica
gel using CH,CIl,/MeOH as the eluent to give three fractions (Fr. A-C). The lower polarity
part fraction A (CH,Clo/MeOH 25:1) was subjected to VLC eluting with petroleum ether/
EtOAc (PE) to give four subfractions (Fr. A1-A4). Fraction A3 was purified by reversed-
phase preparative HPLC (Sunfire Cqg, 5 pm, 10x250 mm) to yield 31.7 mg of compound 1
(CH30H/H,0 95:5, 2.0 mL/min, UV detection at 210 nm, £=17.0 min), 22.1 mg of
compound 6 (CH3CN/H,0 50:50, 2.0 mL/min, UV detection at 282 nm, §z=17.2 min), a
mixture of compounds 3 and 4 (CH3CN/H,0 70:30, 2.0 mL/min, UV detection at 200 nm,
1r=29.0 min), and a mixture of compounds 2 and 5 (CH3CN/H,0 70:30, 2.0 mL/min, UV
detection at 200 nm, &R=24.4 min). The mixture of compounds 3 and 4 and the mixture of
compounds 2 and 5 were further purified by reversed-phase preparative HPLC (YMC-Pack
Pro C1g RS, 5 pum, 10250 mm) to yield 21.3 mg of compound 3 (CH3CN/H,0 85:15, 2.0
mL/min, UV detection at 200 nm, z=18.4 min), 1.8 mg of compound 5 (CH3CN/H,0
85:15, 2.0 mL/min, UV detection at 200 nm &=17.4 min), 8.2 mg of compound 2
(CH3CN/H,0 85:15, 2.0 mL/min, UV detection at 200 nm, z=66.9 min), and 52.1 mg of
compound 5 (H3CN/H,0 85:15, 2.0 mL/min, UV detection at 200 nm, &2=62.6 min).
Similarly, the four known compounds 7 (22.0 mg), 8 (15.1 mg), 9 (8.3 mg), and 10 (2.2 mg)
were obtained from fraction Al.

3.3.1. Simplexolide A(1)—Colorless oil; [a]**+1 (c0.215, MeOH); 1R (KBr) vinax 3451,
2960, 2927, 2873, 1763, 1655, 1464, 1412, 1378, 1343, 1290, 1248, 1210, 1182, 1119,
1103, 1090, 1071, 1014, 980, 958, 926, 885, 800 cm™1; 1H NMR (CDCls3, 600 MHz)

and 13C NMR (CDCl3,150 MHz) data, see Tables 1 and 2; HRESIMS /2 305.2094 [M
+Na]* (caled for C17H3003Na, 305.2093). CD spectrum (¢ 1.1 mg/mL, CH3CN), 193 nm
(Ae-0.65), 222 nm (Ae 0.84).

3.3.2. Simplexolide B (2)—Colorless oil; [a]**+2 (¢0.120, MeOH); IR (KBr) vinax
3439, 2962, 2930, 2874, 1758, 1655, 1460, 1400, 1379, 1341, 1280, 1250, 1208, 1165,
1111, 1063, 1023, 972, 954, 916, 879, 799 cm~1; 1H NMR (CDCl3, 500 MHz) and 13C
NMR (CDCl3, 125 MHz) data, see Tables 1 and 2; HRESIMS /2 305.2095 [M+Na]*
(calcd for C17H390O3Na, 305.2093). CD spectrum (¢ 0.5 mg/mL, CH3CN), 196 nm (Ae
+5.16).

Tetrahedron. Author manuscript; available in PMC 2016 November 17.
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3.3.3. Simplexolide C (3)—Colorless oil; [a]** — 9 (c0.090, MeOH); IR (KBr) vinax
3444, 2962, 2928, 2874, 1758, 1655, 1464, 1399, 1379, 1341, 1287, 1251, 1203, 1164,
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1113, 1099, 1022, 975, 951, 915, 879, 800 cm~1; 1H NMR (CDCI3, 500 MHz) and 13C
NMR (CDCl3, 125 MHz) data, see Tables 1 and 2; HRESIMS /2 319.2247 [M+Na]*
(calcd for C18H3203Na, 319.2249). CD spectrum (¢ 0.5 mg/mL, CH3CN), 196 nm (Ae
+3.43).

3.3.4. Simplexolide D (4)—Colorless oil; [o]*’+14 (¢0.130, MeOH); IR (KBr) vinax
3448, 2962, 2930, 2874, 1759, 1655, 1460, 1400, 1379, 1340, 1280, 1250, 1205, 1163,
1111, 1036, 1024, 975, 955, 914, 798cm™1; 1H NMR (CDCl3, 500 MHz) and 13C NMR
(CDCl3, 125 MHz) data, see Tables 1 and 2; HRESIMS /2 319.2251 [M+Na]* (calcd for
C18H3203Na, 319.2249). CD spectrum (¢ 0.9 mg/mL, CH3CN), 196 nm (Ae +3.99).

3.3.5. Simplexolide E (5)—Colorless oil; [a]*’ — 18 (¢0.170, MeOH); IR (KBr) Vinax
3446, 2961, 2927, 2874, 1758, 1655, 1465, 1400, 1379, 1342, 1288, 1252, 1202, 1166,
1112, 1063, 1021, 974, 951, 916, 879, 800 cm™1; IH NMR (CDCl3, 500 MHz) and 13C
NMR (CDCls, 125 MHz) data, see Tables 1 and 2; HRESIMS /7 305.2091 [M+Na]*
(calcd for C17H3903Na, 305.2093). CD spectrum (¢ 0.7 mg/mL, CH3CN), 196 nm (Ae
+2.57).

3.3.6. Plakorfuran A (6)—Colorless oil; [a]** — 96 (¢ 0.085, MeOH); 'H NMR(CDCl3,
500 MHz) and 13C NMR(CDCl3,125 MHz) data, see Tables 1 and 2; HRESIMS m/z
345.2040 [M+Na]* (C19H3004Na, calcd 345.2042). CD spectrum (¢ 0.85 mg/mL, CH3CN),
205 nm ((Ae 5.85), 239 nm ((Ae 1.70), 285 nm ((Ae -5.49).

3.4. Preparation of MTPA esters 1a and 1b

Simplexolide A (1; 1.0 mg and 0.8 mg, respectively) was reacted with 7-(=)- or S-(+)-
MTPACI (15 L) in freshly distilled dry pyridine (500 pL) and stirred under N5 at room
temperature for 18 h, respectively, and the solvent was removed in vacuo. The products were
purified by mini-column chromatography on silica gel (200 mesh, petroleum ether/EtOAc,
1:1) to afford S-(-)- and R-(+)-MTPA esters 1a and 1b, respectively.

3.5. Preparation of MTPA esters 2a and 2b

Simplexolide C (3; 1 mg each) was similarly processed to give S-(-)- and R-(+)-MTPA
esters 3a and 3b, respectively.

3.6. Preparation of MTPA esters 6a and 6b

Plakorfuran A (6; 1 mg each) was similarly processed to give S-(-)- and R-(+)-MTPA esters
6a and 6b, respectively.

3.7. Biological tests

Antifungal assay against C. neoformanswas performed as described by Ikhlas A. Khan et
al.28 Amphotericin B was used as the positive control. Cytotoxicity was determined against
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human cancer cell lines HCT-116 (colon cancer), HeLa (cervical cancer), SW480 (colon
cancer), QGY-7703 (hepatocarcinoma), and A549 (lung carcinoma) using the MTT assay
method. Camptothecin was used as the positive control. The experimental details of this
assay were carried out according to a previously described procedure.2® Antimalarial activity
was determined in vitro against chloroquine sensitive (D6, Sierra Leone) and resistant (W2,
Indo China) strains of 2. falciparum by measuring plasmodial LDH activity.3? Chloroquine
was used as the positive control. In vitro antileishmanial activity was tested on a culture of
L. donovani promastigotes. In a 96-well microplate assay, test compounds were diluted to an
appropriate concentration and added to the Leishmania promastigotes culture (2x10° cell/
mL). The plates were incubated at 26 °C for 72 h and growth of Leishmania promastigotes
was determined by Alamar blue assay.3! Pentamidine and Amphotericin B were used as the
standard antileishmanial agents. The growth inhibition curve was used to compute the ICsg
value for each compound.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
COSY () key HMBC (—), and selected NOE ( <) correlations of 1,2, and 6.

Tetrahedron. Author manuscript; available in PMC 2016 November 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Liu etal. Page 11

003 3+002%002 4,
0.09 OR +0.,01+0.01

1b R = (R) - MTPA o 2b R = (R) - MTPA
+0.06 _0.13:8:02 0_% -0.01

6a R = (S) - MTPA
6b R = (R) - MTPA

Fig. 2.
Abs pvalues (ppm) for the MTPA derivatives of 1, 2, and 6 in CDCls.
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Fig. 3.
CD curves of compounds 2-5.
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Fig. 4.
Experimental CD spectrum of 6. Bold lines denote the electric transition dipole of the

chromophores for 6.
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Plausible biogenetic pathway for simplexolides A-E (1-5).
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