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a b s t r a c t

During the course of screening natural products for the inhibitors of tumor cell invasion, pterocidin, a lin-
ear polyketide with a d-lactone terminus, was rediscovered from a Streptomyces strain of a marine sed-
iment-origin. A series of J-based configuration analyses and NOESY analysis, coupled with chemical
derivatization and chiral anisotropy analysis, established the absolute stereochemistry of five asymmetric
centers in this compound.

� 2011 Elsevier Ltd. All rights reserved.
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pterocidin (1)
Actinomycetes, especially those belonging to the genus Strepto-
myces have been an unparalleled rich source of bioactive polyke-
tides.1,2 We recently reported the discovery of pterocidin (1), a
cytotoxic compound produced by Streptomyces hygroscopicus TP-
A0451 isolated from a stem of bracken Pteridium aquilinum.3 1 is
a linear polyketide featured by an a,b-unsaturated d-lactone ring
on its terminus and four almost contiguous substituents in the cen-
ter of a highly unsaturated aliphatic chain. Although the former
feature is not uncommon in natural products, 1 is the first to have
a methoxy substitution on the lactone moiety in this class. In our
previous study, stereochemical assignment was hampered by the
limited availability of this material and the poor reproducibility
of production culture. During the course of our continuing effort
toward the discovery of new inhibitors of tumor cell invasion from
natural products,4–8 another Streptomyces strain obtained from a
marine sediment sample was found to produce a substantial
amount of 1 that enabled us to establish the absolute configura-
tions of all five asymmetric centers (C-4, C-5, C-10, C-12, and
C-13) present in this molecule (Fig. 1).

The producing strain Streptomyces sp. TP-A0879 was isolated
from a marine sediment sample collected at a depth �44.5 m in
Otsuchi Bay, Iwate, Japan.9 The strain was cultured in A11M med-
ium10 (7 L), and the whole culture broth was extracted with 1-
butanol. The crude extract (24.6 g) was consecutively fractionated
ll rights reserved.

: +81 766 56 2498.
by silica gel and ODS column chromatographies, followed by HPLC
purification to yield 36 mg of pterocidin (1). Its spectroscopic data
were fully consistent with those previously reported.3

Stereochemical analysis of 1 was started with MTPA derivatiza-
tion.11 Esterification of 1 with (R)- and (S)-MTPA acids by DCC cou-
pling yielded (R)- and (S)-MTPA esters (2a and 2b), respectively.12,13

In the 1H NMR of 2a and 2b, positive DdS–R values were observed for
the protons from H-15 to H3-19, while negative DdS–R values were
observed for the protons from H-9 to H-12 and 22-Me (Fig. 2). These
data established the absolute configuration at C-13 as S.
O
3

Figure 1. Structures of pterocidin (1) and 14-O-demethylpterocidin (3).
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Figure 4. Configuration of C-4 and C-5 and coupling constants for C-4–C-5 in 1.
⁄Absolute values are given for 2JCH coupling constants.
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Figure 2. DdS–R values for MTPA esters (2a and 2b) of 1.
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The relative configuration for the C-12 stereocenter and the 1,3-
methine system C-10–C-12 in 1 was investigated using J-based con-
figuration analysis.14 Heteronuclear long-range coupling constants
2JCH and 3JCH were determined by J-resolved HMBC experi-
ments.15–17 However, it was impossible to assign a single conformer
around the C-11–C-12 bond because all the 3JCH values between
H-11 protons and C-13 and C-22 indicated intermediate values
(3.6–3.9 Hz) probably due to the presence of more than two stable
rotamers (data not shown). Next, the same method was applied to
14-O-demethylpterocidin (3)18 which was obtained as a degrada-
tion product after the long storage of 1. The diastereomeric
methylene protons H-11a (d 1.72) and H-11b (d 1.61) were stereo-
specifically assigned with respect to H-10, according to the magni-
tude of the coupling constants (Fig. 3A). The gauche orientations of
H-11a and H-11b to C-9 were suggested by the small 3JC9,H11a and
3JC9,H11b values, while the anti orientations of H-11a to 10-OMe
and H-11b to H-10 were provided by the small 2JH11a,C10 and large
3JH10,H11b values. For the C-11–C-12 bond, in this case, only one rot-
amer was deduced from the observed data (Fig. 3B). The large
homonuclear coupling constant between H-11a and H-12 (9.6 Hz)
suggested an anti relationship between these protons. Small
three-bond C–H coupling constants for H-11a/C-22 and H-11b/C-
22 indicated that these protons were gauche to C-22 methyl group.
The gauche orientation of H-11a to C-13 was suggested by the small
3JC13,H11a value, while the anti orientation of H-11b to C-13 was pro-
vided by the large 3JC13,H11b value. On the basis of these data, the syn
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Figure 3. Configuration analysis for C-10–C-13 based on coupling constants and
NOE in 3. ⁄Absolute values are given for 2JCH coupling constants.
relationship between the C-10 methoxy and the C-22 methyl groups
was established, with C-10/C-13 exhibiting gauche orientation. Sim-
ilarly, the anti orientation of C-11 and C-14 around the C-12–C-13
bond was confirmed on the basis of large 3JC22,H13 and small
2JC13,H12 values as well as the small 3JH12,H13 value, allowing the
assignment of a syn relationship between the C-13 hydroxyl and
the C-22 methyl groups (Fig. 3C). These configurational assignments
were in good agreement with an observed NOE between H-10 and
H-13 (Fig. 3D). The 12R and 10S configurations were thus
established on the basis of the relative configuration of C-12 and
C-13.

The coupling constant between H-4 and H-5 (J = 4.2 Hz) as well
as an NOE between these protons in 1 suggested their syn relation-
ship. This was supported by the small 2JCH values for H-4/C-5
(<2 Hz) and H-5/C-4 (<2 Hz) indicating anti orientations of H-4 to
O-5 and H-5 to 4-OMe (Fig. 4). In order to determine the absolute
configurations at these stereocenters, it became necessary to apply
the 1H NMR anisotropy method. 1 was subjected to Ca(BH4)2

reduction19,20 in MeOH to afford diol 4 along with the C-2–C-3-
unsaturated diol in a ratio of 5:2.21,22 4 was then treated with (R)-
or (S)-MPA (methoxyphenylacetic acid)23,24 in the presence of DIC
and DMAP, yielding tris MPA esters 5a and 5b.25,26 Analysis of 1H
NMR data for these MPA esters allowed the assignment of the DdR–S

values, which were positive for the protons from H-6 to H-9, while
those for the protons from H-1 to H-4, except for one of the diaste-
reomeric H-3 methylene protons, were negative (Fig. 5). This is
sufficiently consistent to assign the absolute configuration of C-5
as R. On the basis of the relative configuration of C-4 and C-5, the
absolute configuration of C-4 was assigned as R. The absolute con-
figurations of all five asymmetric centers in 1 were determined as
4R, 5R, 10S, 12R, and 13S.

Invasion is a key feature of metastasis because it promotes
tumorigenesis by enabling tumor cells to migrate through the con-
nective tissue surrounding a tumor and enter the circulatory system
and also supporting endothelial cell migration and angiogenesis.27

In addition to antiproliferative property,3 pterocidin (1) was found
to exhibit potent antiinvasive activity at non-cytotoxic concentra-
tions. The invasion of murine colon 26-L5 carcinoma cells across
the Matrigel-fibronectin membrane28 was inhibited by 1 with an
IC50 value of 0.25 lM, whereas the cytotoxicity was not apparent
up to 7 lM. The demethyl derivative 3 showed slightly weaker activ-
ity with an IC50 value of 1.6 lM with no cytotoxic effect up to 7 lM.

In summary, prerocidin (1), a linear polyketide with a d-lactone
terminus, was rediscovered from a marine-derived Streptomyces
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Figure 5. DdR–S values for MPA esters (5a and 5b) of 4.
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strain as an inhibitor of tumor cell invasion, and the absolute con-
figurations of all five asymmetric centers in this molecule were
established on the basis of J-based configuration analyses and
NOESY analysis, coupled with chemical derivatization and chiral
anisotropy analysis. Linear polyketides with a d-lactone terminus
have been reported from various organisms including actinomy-
cetes,29 myxobacteria,30 fungi,31 slime molds,32 marine sponges,33

and colonial ascidians.34 Although a wide range of bioactivity
was reported for this class of natural products, pterocidin (1) rep-
resents the first example of invasion inhibitor, providing a new
template for the development of antiinvasive agents.
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