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ABSTRACT

Two novel polyketides, simplextones A (1) and B (2), were isolated from the sponge Plakortis simplex. Their structures were established by
spectroscopic methods. The absolute configurations were assigned by modified Mosher’s method, X-ray crystallographic analysis, and quantum
mechanical calculation of the electronic circular dichroism (ECD) spectrum. Compounds 1 and 2 featured an unprecedented polyketide skeleton
via the connection of a single carbon�carbon bond to form a cyclopentane. These compounds also exhibited moderate cytotoxicity.

Marine sponges of the genus Plakortis are well-known
for their prolific production of bioactive polyketides, such
as a large number of cyclic peroxides with 1,2-dioxane or
1,2-dioxolane ring systems,1 bicyclic lactones plakortones2

or butenolides,3 furano R,β-unsaturated esters,4 and fatty
acid derivatives spiculoic acids.5 Many of them exhibited
significant biological activities including cytotoxic, anti-
malaria, and antiprotozoal activities,6 aswell as the activa-
tion of Cardiac SR-Ca2þ-Pumping ATPase activity.7

As part of our ongoing program in search of new
biologically active metabolites from the South China Sea
marine sponges, two novel cytotoxic metabolites, simplex-
tones A (1) and B (2), were isolated from the methanol
extract of the sponge Plakortis simplex. Compounds 1 and
2 featured an unprecedented butyrate-derived polyketide

†Changzheng Hospital, Second Military Medical University.
‡ School of Pharmacy, Second Military Medical University.
§These authors contributed equally to this work.
(1) (a) Higgs, M. D.; Faulkner, D. J. J. Org. Chem. 1978, 43

3454–3457. (b) Davidson, B. S. J. Org. Chem. 1991, 56, 6722–6724. (c)
Fattorusso, E.; Taglialatela-Scafati, O.; Di Rosa, M.; Ianaro, A. Tetra-
hedron 2000, 56, 7959–7967. (d) Holzwarth, M.; Trendel, J.-M.;
Albrecht, P.; Maier, A.; Michaelis, W. J. Nat. Prod. 2005, 68, 759–
761. (e) Dalisay, D.; Quach, T.; Gillian, N.; Molinski, T.Angew. Chem.,
Int. Ed. 2009, 48, 4367–4371. (f) Fattorusso,C.; Persico,M.; Calcinai, B.;
Cerrano, C.; Parapini, S.; Taramelli, D.; Novellino, E.; Romano, A.;
Scala, F.; Fattorusso, E.; Taglialatela-Scafati, O. J. Nat. Prod. 2010, 73,
1138–1145. (g) Feng, Y.; Davis, R. A.; Sykes, M.; Avery, V. M.; Camp,
D.;Quinn,R. J. J.Nat. Prod. 2010, 73, 716–719. (h)Manzo,E.; Ciavatta,
M. L.;Melck, D.; Schupp, P.; de Voogd, N.; Gavagnin,M. J. Nat. Prod.
2009, 72, 1547–1551.

(2) (a) Patil, A. D.; Freyer, A. J.; Bean, M. F.; Carte, B. K.; Westley,
J. W.; Johnson, R. K.; Lahouratate, P. Tetrahedron 1996, 52, 377–394.
(b) Gochfeld, D. J.; Hamann, M. T. J. Nat. Prod. 2001, 64, 1477–1479.

(3) (a) De Guzman, F. S.; Schmitz, F. J. J. Nat. Prod. 1990, 53
926–931. (b) Zampella, A.; Giannini, C.; Debitus, C.; D’Auria, M. V.
Tetrahedron 2001, 57, 257–263.

(4) Epifanio, R.; Pinheiro, L.; Alves, N. J. Braz. Chem. Soc. 2005, 16,
1367–1371.

(5) (a) Tsukamoto, S.; Takeuchi, S.; Ishibashi, M.; Kobayashi, J. J.
Org. Chem. 1992, 57, 5255–5260. (b) Berrue, F.; Thomas, O. P.; Laville,
R.; Prado, S.; Golebiowski, J.; Fernandez, R.; Amade, P. Tetrahedron
2007, 63, 2328–2334.

(6) Kossuga, M. H.; Nascimento, A. M.; Reimao, J. Q.; Tempone,
A. G.; Taniwaki, N. N.; Veloso, K.; Ferreira, A. G.; Cavalcanti, B. C.;
Pessoa, C.; Moraes, M. O.; Mayer, A. M. S.; Hajdu, E.; Berlinck,
R. G. S. J. Nat. Prod. 2008, 71, 334–339.

(7) Murayama, T.; Ohizumi, Y.; Nakamura, H.; Sasaki, T.; Kobayashi
J. Cell. Mol. Life Sci. 1989, 45, 898–899.



Org. Lett., Vol. 13, No. 12, 2011 3155

skeleton via the connection of a single carbon�carbon
bond to form a cyclopentane. In this paper, we report the
isolation, structure elucidation, plausible biogenetic path-
way, and cytotoxic activity of 1 and 2.

The spongeP. simplex (B-3, 2.0 kg, dryweight) collected
from the South China Sea was extracted withMeOH. The
methanol residue was successively extracted with n-hex-
ane, CH2Cl2, EtOAc, and n-BuOH. The CH2Cl2 extract
(41 g) was subjected to repeated column chromatography
and purified by reversed-phase HPLC to afford com-
pounds 1 (12.3 mg) and 2 (0.9 mg).
Simplextone A (1)8 was obtained as colorless crystals.

The IR absorptions indicated the presence of hydroxyl
(3406 cm�1) and γ-lactone carbonyl (1751 cm�1) moieties.
The molecular formula of 1 was established as C18H32O4

byHRESIMSmeasurements ([MþNa]þm/z 335.2200) in
combination with extensive NMR analysis (Table 1). The
1H NMR and HSQC data revealed the presence of four
aliphatic methyls (δH 0.89, 0.90, 0.92, and 1.09), seven

methylenes, three aliphatic methines (δH 1.25, 1.91, and
2.01), and an oxymethine (δH/C 4.37/73.1). Additionally,
the 13C NMR spectrum showed the presence of one
carbonyl (δC 176.4) and two oxygenated quaternary car-
bons (δC 81.6 and 95.0). On the basis of COSY data, these
subunits were assembled into several partial structures as

indicated in Figure 1: C-2/C-3, C-5/C-9/C-18, C-7/C-8,

C-10/C-11, C-12/C-13, C-14/C-15, and C-16/C-17. The

HMBC correlations from H3-11 to C-4 and from H-3 to

C-1 and C-10 clearly defined the partial structure C-1�C-

11. The HMBC correlations from H3-18 to C-8, from H3-

13 to C-6, from H-12b to C-5 and C-7, and from H-7b to

C-5 indicated a substituted cyclopentane. The connection

of the partial structure C-14/C-15 to C-16/C-17 was pro-

vided by an HMBC correlation between H3-17 and C-15.

The HMBC correlation from H-5 to C-10 confirmed the

connectivity of partial structure C-1�C-11 with the cyclo-

pentane by a bond between C-4 and C-5. The attachment

of the C-14�C-17 group to C-8 was deduced from the

HMBC correlations between H-9 and C-14 and between

H-7a and C-14. The carbonyl of C-1 was confirmed to

form a γ-butyrolactone with the oxygenated C-4

(downfield chemical shift at δ 95.0) to consume the re-

maining one degree of unsaturation. With this assignment

secured, the final oxymethine at C-3 and the oxygenated

quaternary carbons at C-6 had to be substituted with

hydroxyl groups to satisfy the molecular formula. This

completed the assignment of the planar structure of sim-

plextone A (1) as depicted.

Table 1. 1H (500 MHz) and 13C (125 MHz) NMR (CDCl3) Data for Simplextones A (1) and B (2)

simplextone A (1) simplextone B (2)

position δH, mult (J in Hz) δC HMBC (1Hf13C) δH, mult (J in Hz) δC HMBC (1Hf13C)

1 176.4 175.9

2a 2.50, dd (19.0, 3.0) 39.8 1, 3, 4 2.54, dd (19.0, 2.5) 39.3 1, 3, 4

2b 2.94, dd (19.0, 9.0) 1, 3, 4 2.99, dd (19.0, 8.5) 1, 3, 4

3 4.37, dd (9.0, 3.0) 73.1 1, 10 4.34, dt (8.5, 2.5) 73.3 1, 2, 4, 10

4 95.0 94.7

5 1.91, d (7.5) 58.3 7, 9, 10, 12, 18 2.30, dd (11.0, 8.0) 50.2 3, 4, 6, 7, 9, 10, 12

6 81.6 82.6

7a 1.42, t (12.0) 43.9 6, 8, 12, 14 1.36,m 46.4

7b 2.05, dd (12.0, 6.0) 5, 6, 8, 9, 12 2.11, dd (12.0, 4.5) 5, 6, 8, 9, 12, 14

8 1.25m 44.1 18 1.62, m 36.4

9a 2.01m 42.1 4, 5, 8, 14, 18 2.00,m 35.0 5, 6, 7, 8

9b 1.77,m 5, 6, 7, 8

10a 1.73m 31.6 3, 4, 5, 11 1.65,m 31.8 3, 4, 5, 11

10b 1.81m 3, 4, 5, 11 1.79,m 3, 4, 5, 11

11 0.92, t (7.5) 7.3 4, 10 0.93, t (7.5) 7.86 4, 10

12a 1.56m 35.5 5, 6, 7, 13 1.58,m 35.0 5, 6, 7, 13

12b 1.72m 5, 6, 7, 13 1.83,m 5, 6, 7, 13

13 0.90, t (7.5) 7.7 6, 12 0.94, t (7.5) 8.08 6, 12

14a 1.11m 33.8 8, 9, 15, 16 1.35,m 35.0 8, 9, 15, 16

14b 1.56m 8, 9, 15, 16 1,58,m 8, 9, 15, 16

15a 1.21m 30.6 8, 14, 16, 17 1.28,m 30.5 16, 17

15b 1.31m

16 1.31m 22.9 14, 15, 17 1.28,m 22.9 15, 17

17 0.89, t (7.5) 14.0 15, 16 0.88, t (7.5) 14.0 15, 16

18 1.09, d (6.5) 21.5 5, 8, 9

(8) [R]23D þ28 (c 0.085, MeOH); IR (KBr) vmax 3406, 2959, 2928,
1751, 1465, 1226, 1086, 968 cm�1; 1HNMR (CDCl3, 500MHz) and 13C
NMR (CDCl3, 125 MHz), see Table 1; HRESIMS m/z 335.2200
[M þ Na]þ (calcd for C18H32O4Na 335.2198).
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The relative configuration of 1 was assigned by the
NOESY spectrum (Figure 1). The crucial NOE correla-
tions between H-3 and H3-11 suggested that they were
oriented on the same side of the γ-butyrolactone moiety,
while OH-3 was oriented on the opposite side. Moreover,
H-5 showed NOE correlations with H-8, H3-13, and H3-
18, suggesting that these protons were on the same face of
the cyclopentane, while OH-4, H-14, and H-9 were on the
opposite side. The relative configuration between the
conjoined bicyclic ring systems in 1 was defined by the
observation of NOESY correlations between H-3 and
H-5, between H3-11 and H-5, and between H3-11 and
H-9,which could only be accommodated by theC-4S*/C-5S*
relative configuration shown in the Newman projection
in Figure 1. These key NOESY correlations indicated
that the free rotation around the C-4�C-5 bond was fixed
owing to the stereohindrance of the two ethyl fragments in
the molecule of 1. The absolute configuration at C-3 was
determined by applying amodifiedMosher’s estermethod
to the secondary hydroxyl group,9,10 Compound 1 reacted
with the (R)-(�)- and (S)-(þ)-R-methoxy-R-trifluoro-
methylphenylacetic acid (MTPA) chlorides to giveMTPA
esters 1a and 1b, respectively. A consistent distribution of
positive and negative Δδ values around C-3 allowed the
assignment of S-configuration for C-3 (Figure S1, Sup-
porting Information). Thus, the absolute configuration of
1 was determined to be 3S,4S,5S,6R,8S,9R.
Furthermore, a successful single-crystalX-ray diffraction

experiment (Figure 2) allowed thedefinite assignment of the
relative configuration of 1. The X-ray structure of 1 was
elucidated using the differences in anomalous dispersion
from CuKR radiation and allowed unambiguously assign-
ment of the absolute configuration as 3S,4S,5S,6R,8S,9R.
The refined Flack parameter is 0.0(2).11 These data corro-
borate the modified Mosher’s method of configurational
assignment for the C-3 secondary alcohol.

Simplextone B (2)12 was considered to have the mole-
cular formula of C17H30O4 based on the HRESIMS of the
molecular ion peak atm/z 321.2040 [MþNa]þ, indicating
that 2 possessed one less CH2 unit than 1. The 1H and 13C
NMR spectra of 2 were very similar to those of 1, except
that the methine (δH/C 2.01/42.1) connected with a methyl
(δH/C 1.09/21.5) in 1was replaced by amethylene in 2. This
structure was supported by the COSY and HMBC data.
FromtheNOESYspectrumof 2,H-3was found to show

an NOE correlation with H3-11, indicating that the HO-3
andC-10/C-11 groupwere oriented on the opposite side of
the γ-butyrolactone moiety. Furthermore, the NOE cor-
relations were observed between H-5/H3-13 and H-5/H-8.
Thus, these protons were on the same face of the cyclo-
pentane. On the basis of the above NOE correlations, the
total set of possible candidate stereoisomers were pruned
to only a subset of the four probable configurations in
Figure S2 (Supporting Information).
To identify the most probable candidate for 2, all four

possible configurations with satisfactory NOE constraints
were guided by comparing the actual electronic circular
dichroism (ECD) trace of 2with those predictedusing time-
dependent density functional theory (TD-DFT) calcu-
lations.13 The CD spectra of simplextone B (2) showed a
pronounced positive Cotton effect at 185 nm and negative
Cotton effects at 193 and 218 nm. The computed ECD
spectrum for structure 3S,4S,5S,6R,8R clearly reproduced
both the signs and the shape of the measured ECD spec-
trum in Figure 3, and the computed ECD spectrum of its
enantiomer 3R,4R,5R,6S,8S was the mirror image of that
measured for 2. Thus, the absolute configuration of 2 was
established as 3S,4S,5S,6R,8R. The conclusion was further
supported by the overlapping of the CD spectra between 1

and 2 (Figure S3, Supporting Information). It is noted that
the two compounds actually fit very well, though the
stereocenter atC-8 positionwas assigned toS in compound
1 but R in compound 2, which is caused by the groups
priorities change accorording to the sequencing rules.
Figure S3 (Supporting Information) also includes the
comparison of the measured and computed ECD of 1.

Figure 1. COSY (;), selected HMBC (blue arrow), and key
NOESY (red arrow) correlations of 1. Figure 2. ORTEP diagram for simplextone A (1).
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Most of the polyketides obtained from the marine
sponge of genus Plakortis appear to involve ethyl
branches1 as a result of intact butyrate incorporation in
their biosynthesis.14,15 SimplextonesA (1) andB (2) have a
previously unknown polyketide skeleton via the connec-
tion of a single carbon�carbon bond to form a cyclopen-
tane. A plausible biogenetic pathway for 1 and 2 is
illustrated in Scheme 1. One acetate and four butyrate
units might be required to assemble the polyketide skele-
ton for 1, while 2 is assembled by one acetate, one
propionate, and three butyrate units. The linear polyke-
tide precursor further undergoes a series of reactions
including dehydrogenation, cyclization, reduction, and
hydroxylation to form a cyclopentane. The cyclopentane
intermediate is then released from the acyl carrier protein
(ACP) after being modified by the formation of an
epoxide, and the opening of the epoxide intermediates
leads to the insertion of a hydroxyl group with the con-
comitant lactonization of the γ-lactone.16

Simplextones A (1) and B (2) were evaluated for cyto-
toxicity against HCT-116 (colon cancer), SGC7901
(gastric cancer), HeLa (cervical cancer), and SW480
(colon cancer) human cancer cell lines using the

MTT assay.17 Compound 1 exhibited IC50 values of 26.3,
57.4, 64.7, and 60.6 μM, respectively, and 2 showed IC50

values of 23.7, 45.8, 66.2, and 61.1 μM, respectively.
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Figure 3. Experimental CD spectrum of 2 overlaid with calcu-
lated spectra for structures shown in Figure S2 (Supporting
Information). The four computed ECD spectra have been
normalized to the maximum negative value to ease the com-
parison of experimental and calculated data.

Scheme 1. Proposed Biogenesis Pathway of 1 and 2
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