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Six new polyesters, talapolyesters AeF (1e4, 14, and 16), together with 11 known ones 15G256n (5),
15G256n-me (6), 15G256p (7), 15G256b-2 (8), 15G256a-2 (9), 15G256a-2-me (10), 15G256i (11), 15G256b
(12), 15G256a (13), 15G256a-1 (15), and 15G256u (17), were isolated from the wetland soil-derived
fungus Talaromyces flavus BYD07-13, and their structures were determined by NMR and MS spectro-
scopic data. Among them, 1e4 and 16 were assembled in a different manner from that of the known 256
polyesters. All the polyesters are composed of (R)-2,4-dihydroxy-6-(2-hydroxypropyl)benzoic acid and
(R)-3-hydroxybutyric acid/(S)-3,4-dihydroxybutyric acid residues. The absolute configurations of the
residues were determined by alkaline hydrolysis. The cytotoxicity against five tumor cell lines of these
compounds was examined, and a tight structureeactivity relationship is proposed.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

15G256 Polyesters were originally isolated from the fermenta-
tion extract of the fungus Hypoxylon oceanicum,1,2 which were also
found from other genus fungi, such as Penicillium,3,4 Acremonium,5

Albatrellus,6 Talaromyces,7,8 Scedosporium,9 Calcarisporium,10 and
Callophyllum11 species. As proposed by Schlingmann,1 15G256
polyesters are biosynthetically assembled by alternately linking
2,4-dihydroxy-6-(2-hydroxypropyl)benzoic acid and 3-
hydroxybutyric acid moieties. The compounds are members of
a group of cyclic or linear polyesters containing both 2,4-
dihydroxy-6-(2-hydroxypropyl)benzoic acid or its derivatives (B-
unit) and 3-hydroxybutyric acid or its derivatives (A-unit). So far,
only eight cyclic and eight linear ones have been identified from
nature.1e11 It is worth mentioning that 15G256i and 15G256bwere
synthesized by Barrett and co-workers in 2008.12 In our ongoing
study of bioactive secondary metabolites from fungi,13e18 a chem-
ical investigation of the fungal strain Talaromyces flavus BYD07-13
was carried out, which led to the isolation of six new talapo-
lyesters AeF (1e4, 14, and 16) and 11 known 15G256 polyesters
(5e13, 15, and 17) (Fig. 1). Among them, 1e4 and 16 are
-mail addresses: tghao@jnu.

All rights reserved.
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characterized by being assembled with continuous two A-units,
which is an unknown manner before. The structure elucidation of
new talapolyesters, including the determination of the absolute
configurations, is described. To the best of our knowledge, this is
the first systematic investigation of the cytotoxicity of 15G256
polyesters, and a tight structureeactivity relationship is proposed.

2. Results and discussion

2.1. Structure elucidation

A solid culture of T. flavus on cooked rice was extracted with
EtOAc thoroughly. The EtOAc-soluble portion was subjected to re-
peated column chromatographies including HPLC to yield six new
compounds (1e4, 14, and 16) and 11 known ones.

Talapolyester A (1) was isolated as a yellow oil, and the molec-
ular formula was established by HRESIMS as C22H30O12 (eight de-
grees of unsaturation). The IR spectrum exhibited intense and
broad absorption bands at nmax 3410 and 1733 cm�1, indicating the
presence of hydroxyl and ester carbonyl groups, respectively. The
1H and 13C NMR spectra (Table 1) combined with DEPT 135 spec-
trum displayed 22 carbon signals including one tetra-substituted
benzene ring, three methyls, five methylenes, four methines, and
four ester carbonyls. The 1He1H COSY correlations between H-3
and Ha-2/Ha,b-4, between H-13 and Ha-12/H3-14, between H-17
and Ha,b-16/H3-18, and between H-21 and Ha,b-20/H3-22, in
tp://dx.doi.org/10.1016/j.tet.2014.02.060
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Fig. 1. Structures of compounds 1e19.
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combination with the HMBC correlations from Ha,b-2/H-3 to C-1,
fromH-8 to C-5/C-6/C-10, from Ha,b-12 to C-6/C-10/C-11/C-14, from
Ha,b-16/H-17 to C-15, and from Ha,b-20/H-21 to C-19 established
four units in 1 (Fig. 2). The linkage among these units was readily
assigned by HMBC spectral data, which displayed correlations of H-
3/Ha,b-4 to C-5, H-13 to C-15, and H-17 to C-19. Thus, the planar
structure of 1was elucidated as shown in Fig. 1. The building blocks
of 1 were 2,4-dihydroxy-6-(2-hydroxypropyl)benzoic acid and 3-
hydroxybutyric acid, the same as those of the known 15G256
polyesters.1 The absolute configuration of each residue in 1 was
deduced from the negative rotation of its alkaline hydrolyzates,
(�)-(R)-6-hydroxymellein (18, [a]D25 �47.6, CD (c 9.3�10�5 M,
CH3OH) lmax nm (D 3): 215 (þ1.28), 232 (�8.64), 247 (þ0.41), 267
(�7.26), 301 (þ1.15))1,19 and (�)-(S)-3-hydroxy-butyrolactone (19,
[a]D25 �73.4).1,20 Moreover, the absolute configuration of 19 was
confirmed by themodifiedMosher’s method.21 The Dd values of the
(S)- and (R)-MTPA esters (19a and 19b) indicated the S configura-
tion for C-3. Since (R)-2,4-dihydroxy-6-(2-hydroxypropyl)benzoic
acid is the ring-opened form of 18, and (R)-3-hydroxybutyric acid is
the natural precursor of 19. Thus, the absolute stereochemistry of 1
was determined as 3S,13R,17R, and 21R.

Talapolyester B (2) was assigned the same molecular formula
C22H30O12 (eight degrees of unsaturation) as 1. The NMR spectro-
scopic data suggest 2 was very similar to 1 (Table 1) except for the
position of the primary hydroxyl group, which was located at C-22
for 2 instead of at C-4 based on the 1He1H COSY correlations be-
tween H-21 and Ha,b-20/Ha,b-22, together with HMBC correlations
from Ha,b-22 to C-20/C-21. The linkage among the building units
was readily confirmed by HMBC correlations of H-3 to C-5, H-13 to
C-15, and H-17 to C-19 (Fig. 2).
Please cite this article in press as: He, J.-W.; et al., Tetrahedron (2014), ht
Talapolyester C (3) was isolated as a yellow oil. Its molecular
formula was established as C23H32O12 (eight degrees of unsatura-
tion) by HRESIMS. Comparing the 1H and 13C NMR spectra of 3with
those of 2 (Table 1) made it apparent that an additional methoxy
group signal was present at dH/dC: 3.60/52.3. The methoxy group
was located at C-1 by the HMBC correlation from dH 3.60 to dC 172.6
(C-1) (Fig. 2). The absolute configurations of the residues in 3 were
determined by alkaline hydrolysis. Thus, the absolute configuration
of 3was determined as 3R,13R,17R, and 21S. Due to a shortage of the
amount of 2, the absolute configuration of 2 was deduced as the
same as 3 based on the co-occurrence of 2 and 3.

Talapolyester D (4) was assigned the same molecular formula
C23H32O12 (eight degrees of unsaturation) as 3. The NMR spectro-
scopic data suggest 4 was very similar to 3 (Table 1) except for the
position of the primary hydroxyl group, which was located at C-18
for 4 instead of at C-22 based on the 1He1H COSY correlations
between H-17 and Ha,b-16/Ha,b-18, together with HMBC correla-
tions from Ha,b-18 to C-16/C-17 (Fig. 2). The linkage among the
building units was readily strengthened by HMBC correlations of H-
3 to C-5, H-13 to C-15, and H-17 to C-19. The absolute configura-
tions of the residues in 4 were deduced from its alkaline hydroly-
zates. Thus, the absolute configuration of 4 was determined as
3R,13R,17S, and 21R.

Talapolyester E (14) was obtained as a yellow powder, pos-
sessing the molecular formula C34H40O16 (15 degrees of unsatura-
tion) as revealed from its HRESIMS data. The 1H and 13C NMR
spectra (Table 2) were similar to those of the known compound
15G256a (13),1 except for signals from an additional acetyl group
[dH 2.02 (3H, s); dC 20.6 and 172.3]. The acetyl group was located at
C-32 based on the HMBC cross-peak between Ha,b-32 and C-33. The
tp://dx.doi.org/10.1016/j.tet.2014.02.060



Fig. 2. Selected HMBC and 1He1H COSY correlations of compounds 1e4 and 16.

Table 1
13C and 1H NMR data for 1e4 in CD3OD

No. 1a 2b 3a 4a

dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz)

Unit A1 Unit A1 Unit A1 Unit A1

1 175.0 173.7 172.6 172.6
2 39.7 2.42 (dd, 15.7, 8.0), Ha 41.6 2.75 (dd, 15.8, 5.6), Ha 41.6 2.74 (dd, 15.8, 5.4), Ha 41.4 2.80 (m), Ha

2.50 (dd, 15.7, 4.7), Hb 2.82 (dd, 15.8, 4.2), Hb 2.79 (dd, 15.8, 5.8), Hb 2.82 (m), Hb

3 67.3 4.19 (m) 70.2 5.58 (m) 70.1 5.57 (m) 70.2 5.60 (m)
4 68.8 4.08 (m), Ha 20.1 1.45 (d, 6.3) 20.1 1.44 (d, 6.3) 20.2 1.45 (d, 6.3)

4.10 (m), Hb

Unit B2 Unit B2 Unit B2 Unit B2

5 171.6 171.3 171.2 171.6
6 106.0 105.9 105.8 105.8
7 166.1 166.2 166.3 166.2
8 102.7 6.19 (d, 2.3) 102.7 6.19 (d, 2.4) 102.7 6.19 (d, 2.5) 102.7 6.19 (d, 2.5)
9 163.5 163.5 163.6 163.5
10 113.8 6.20 (d, 2.3) 113.9 6.20 (d, 2.4) 113.9 6.20 (d, 2.5) 113.9 6.20 (d, 2.5)
11 143.6 143.7 143.7 143.6
12 43.4 2.89 (dd, 13.5, 9.1), Ha 43.6 2.86 (dd, 13.6, 9.5), Ha 43.7 2.85 (dd, 12.9, 9.2), Ha 43.5 2.87 (dd, 13.4, 9.1), Ha

3.24 (dd, 13.5, 4.3), Hb 3.28 (dd, 13.6, 4.1), Hb 3.29 (m), Hb 3.24 (dd, 13.4, 4.2), Hb

13 72.7 5.19 (m) 72.7 5.19 (m) 72.7 5.19 (m) 72.6 5.19 (m)
14 20.5 1.28 (d, 6.2) 20.6 1.28 (d, 6.2) 20.6 1.28 (d, 6.2) 20.5 1.28 (d, 6.2)

Unit A3 Unit A3 Unit A3 Unit A3

15 172.6 172.6 172.5 173.1
16 45.1 2.27 (dd, 14.8, 6.3), Ha 45.1 2.27 (dd, 14.8, 6.4), Ha 45.1 2.27 (dd, 14.8, 6.4), Ha 39.4 2.43 (dd, 15.6, 7.9), Ha

2.37 (dd, 14.8, 6.9), Hb 2.37 (dd, 14.8, 6.9), Hb 2.37 (dd, 14.8, 6.9), Hb 2.53 (dd, 15.6, 4.8), Hb

17 65.4 4.03 (m) 65.4 4.03 (m) 65.4 4.03 (m) 67.1 4.19 (m)
18 23.0 1.06 (d, 6.2) 23.0 1.06 (d, 6.2) 23.0 1.06 (d, 6.2) 68.6 4.05 (m), Ha

4.11 (dd, 11.2, 5.7), Hb

Unit A4 Unit A4 Unit A4 Unit A4

19 171.8 171.6 171.6 171.7
20 41.4 2.78 (dd, 15.9, 8.5), Ha 36.7 2.57 (dd, 16.1, 7.5), Ha 36.3 2.59 (dd, 16.1, 7.9), Ha 45.1 2.27 (dd, 14.8, 6.4), Ha

2.83 (dd, 15.9, 5.5), Hb 2.63 (dd, 16.1, 5.7), Hb 2.67 (dd, 16.1, 5.0), Hb 2.37 (dd, 14.8, 6.9), Hb

21 70.2 5.59 (m) 73.3 5.24 (m) 72.9 5.24 (m) 65.4 4.02 (m)
22 20.2 1.45 (d, 6.3) 63.6 3.60 (dd, 11.9, 5.6), Ha 63.5 3.58 (m), Ha 23.0 1.06 (d, 6.3)

3.62 (dd, 11.9, 4.5), Hb 3.59 (m), Hb

1-OCH3 52.3 3.60 (s) 52.2 3.64 (s)

a Measured at 400 MHz for 1H and 100 MHz for 13C.
b Measured at 600 MHz for 1H and 150 MHz for 13C.
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absolute configurations of the residues in 14 were determined by
alkaline hydrolysis. Thus, the absolute configuration of 14 was de-
termined as 3R,13R,17R,27R, and 31S.

Talapolyester F (16) was obtained as a yellow powder. The
HRESIMS spectrum indicated that the molecular formula was
C36H44O16 (15 degrees of unsaturation). The 1H and 13C NMR
spectra (Table 2) combined with DEPT 135 spectrum displayed 36
carbon signals including two tetra-substituted benzene rings, six
methyls, six methylenes, six methines, and six ester carbonyls,
which account for 14 degrees of unsaturation. The remaining one
Please cite this article in press as: He, J.-W.; et al., Tetrahedron (2014), ht
degree of unsaturation required the presence of a ring. The 1He1H
COSY and HSQC-TOCSY spectra (Fig. 2) showed six isolated spin-
systems C-2/C-3/C-4, C-12/C-13/C-14, C-16/C-17/C-18, C-26/C-27/
C-28, C-30/C-31/C-32, and C-34/C-35/C-36. Furthermore, the HMBC
correlations (Fig. 2) from H-3/Ha,b-2 to C-1, from H-8 to C-5/C-6/C-
10, from Ha,b-12 to C-6/C-10/C-11/C-13/C-14, from H-17/Ha,b-16 to
C-15, from H-22 to C-19/C-20/C-24, from Ha,b-26 to C-20/C-24/C-
25/C-27/C-28, from H-31/Ha,b-30 to C-29, and from H-35/Ha,b-34 to
C-33 established six moieties in 16. The linkage among these
moieties were readily assigned by HMBC correlations from H-3 to
tp://dx.doi.org/10.1016/j.tet.2014.02.060



Table 2
13C and 1H NMR data for 14 and 16 in CD3OD

No. 14a 16b

dC dH (J in Hz) dC dH (J in Hz)

Unit A1 Unit A1

1 171.3 171.5
2 40.9 2.75 (m), Ha 41.3 2.68 (dd, 16.0, 6.7), Ha

2.85 (m), Hb 2.89 (dd, 16.0, 6.4), Hb

3 69.7 5.53 (m) 70.1 5.53 (m)
4 20.1 1.41 (d, 6.2) 20.0c 1.42 (d, 6.3)

Unit B2 Unit B2

5 170.9 171.0d

6 106.7 106.1
7 165.4 165.9
8 102.9 6.21 (d, 2.1) 102.7 6.19 (d, 2.4)
9 163.6 163.5
10 113.4 6.23 (d, 2.1) 113.3 6.21 (d, 2.4)
11 143.2 143.5
12 42.5 2.79 (m), Ha 42.9 3.03 (m), Ha

3.42 (dd, 13.1, 6.5), Hb 3.20 (dd, 13.5, 8.4), Hb

13 73.6 5.00 (m) 73.8 5.10 (m)
14 19.6 1.12 (d, 6.2) 20.5 1.21 (d, 6.3)

Unit A3 Unit A3

15 171.1 171.1d

16 41.6 2.69 (m), Ha 41.8 2.62 (m), Ha

2.81 (m), Hb 2.78 (dd, 15.4, 7.2), Hb

17 70.1 5.50 (m) 70.4 5.47 (m)
18 20.1 1.39 (d, 6.2) 19.9c 1.27 (d, 6.3)

Unit B4 Unit B4

19 171.0 171.2d

20 107.3 107.4
21 165.0 164.8
22 102.7 6.19 (d, 2.1) 102.7 6.18 (d, 2.4)
23 163.4 163.3
24 112.7 6.24 (d, 2.1) 112.6 6.25 (d, 2.4)
25 143.0 143.3
26 42.0 2.92 (dd, 13.3, 7.2), Ha 41.8 2.99 (m), Ha

3.34 (m), Hb 3.09 (m), Hb

27 73.9 5.03 (m) 72.8 5.15 (m)
28 19.7 1.16 (d, 6.3) 20.3 1.20 (d, 6.2)

Unit A5 Unit A5

29 171.2 171.4
30 36.7 2.64 (m), Ha 41.8 2.42 (m), Ha

2.66 (m), Hb 2.56 (m), Hb

31 70.3 5.42 (m) 68.8 5.20 (m)
32 65.4 4.04 (dd, 12.0, 5.7), Ha 19.8c 1.17 (d, 6.2)

4.32 (dd, 12.0, 3.4), Hb

Unit A6

33 172.3 171.2d

34 20.6 2.02 (s) 41.4 2.46 (m), Ha

2.50 (m), Hb

35 69.1 5.26 (m)
36 19.9c 1.26 (d, 6.3)

a Measured at 400 MHz for 1H and 100 MHz for 13C.
b Measured at 300 MHz for 1H and 75 MHz for 13C.
c The assignment of carbons can be interchanged.
d The assignment of carbons can be interchanged.

Table 3
Cytotoxicity of compounds 1e19 (IC50, mM)

Compounds HL-60 SMMC-7721 A-549 MCF-7 SW480

1 >40 >40 >40 >40 >40
2 >40 >40 >40 >40 >40
3 >40 >40 >40 >40 >40
4 >40 >40 >40 >40 >40
5 >40 >40 >40 >40 >40
6 >40 >40 >40 >40 >40
7 >40 >40 >40 >40 >40
8 >40 >40 >40 >40 >40
9 >40 >40 >40 >40 >40
10 >40 >40 >40 >40 >40
11 17.95 38.70 18.96 12.26 >40
12 14.74 15.45 12.06 3.27 15.57
13 17.55 29.10 23.84 18.53 >40
14 14.81 18.39 17.66 14.59 26.62
15 22.12 >40 36.01 19.67 >40
16 13.62 15.74 11.09 15.96 15.54
17 12.46 13.08 10.61 4.32 12.52
18 >40 >40 >40 >40 >40
19 >40 >40 >40 >40 >40
Cisplatina 1.32 6.24 11.83 15.17 12.95
Paclitaxela <0.008 <0.008 <0.008 <0.008 <0.008

a Positive control.
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C-5, H-13 to C-15, H-17 to C-19, H-27 to C-29, H-31 to C-33, and H-
35 to C-1. Thus, a planar structure was assigned to 16. The absolute
configuration of the (R)-2,4-dihydroxy-6-(2-hydroxypropyl)ben-
zoic acid residue in 16 was determined by alkaline hydrolysis.
Moreover, the absolute configuration of 3-hydroxybutyric acid
residue was deduced as R from the biosynthetic perspective.
Therefore, the absolute configuration of 16 was determined to be
3R,13R,17R,27R,31R, and 35R.

On the basis of the HRESIMS, NMR spectroscopic data, specific
rotations, CD data, as well as the modified Mosher’s method, the 13
known compounds were determined to be 15G256n (5),115G256n-
me (6),115G256p (7),115G256b-2 (8),115G256a-2 (9),115G256a-2-
me (10),1 15G256i (11),1 15G256b (12),1 15G256a (13),1 15G256a-1
(15),1 15G256u (17),1 (R)-6-hydroxymellein (18),1,19 and (S)-3-
hydroxy-butyrolactone (19).1,20
Please cite this article in press as: He, J.-W.; et al., Tetrahedron (2014), ht
To verify that talapolyesters AeF (1e4, 14, and 16) are the au-
thentic natural products, a portion of the moderate extraction was
subjected to UPLCeHRESIMS analysis. This suggests that 1e4, 14,
and 16 are unlikely to be isolation artifacts because they were
detected.

Based on the biosynthetic pathway proposed by Schlingman’s,1

we suggest a plausible biogenesis of 1e4 and 16. Compounds 1e4
may originate from 5 via attaching an A-unit, while 8 could undergo
ring closure following receive a final A-unit to form 16. For those
known polyesters, based on the same precursors 5 and 8, com-
pounds 7,11,12, and 17were generated by adding a B-unit or direct
ring closure.1 Compounds 1e4 and 16 are characterized by being
assembled with continuous two A-units, which is an unknown
manner before.

2.2. Cytotoxic bioassay

It was reported that compounds 12, 13, and 15 showed toxicity
against mouse peritoneal macrophage.4 Herein, compounds 1e19
were evaluated by MTT method22,23 for their cytotoxic activities
against five tumor cell lines, HL-60, SMMC-7721, A-549, MCF-7,
and SW480, with cisplatin and paclitaxel as the positive con-
trols. As shown in Table 3, all macrocyclic polyesters (11e17)
exhibited cytotoxicity against the tested tumor cell lines, while
linear polyesters (1e10) and two organic acid lactones (18 and 19)
were inactive (IC50>40 mM) as compared to cisplatin. This sug-
gests that a macrocyclic structure is required for cytotoxicity.
Among the cyclic compounds, 12 and 17 exhibited significant ac-
tivity against MCF-7 cell line with the IC50 of 3.27 and 4.32 mM,
respectively. This is the first systematic investigation on cytotox-
icity of 15G256 polyesters, and a tight structureeactivity re-
lationship is proposed.
3. Experimental

3.1. General experimental procedures

Optical rotations were measured on a JASCO P-1020 digital po-
larimeter at room temperature. IR spectra were obtained on
a JASCO FT/IR-480 plus Fourier transform infrared spectrometer.
CD spectrum was recorded in CH3OH using a JASCO J-810
tp://dx.doi.org/10.1016/j.tet.2014.02.060
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spectrophotometer at room temperature. HRESIMS spectra were
obtained on Waters Synapt G2 TOF mass spectrometer. NMR data
were recorded on Bruker AV 300, 400, and 600 using solvent signals
(CD3OD: dH 3.30/dC 49.0) as references. Column chromatography
was carried out on silica gel (200e300 mesh) (Qingdao Haiyang
Chemical Group Corporation, Qingdao, China), Sephadex LH-20
(Pharmacia), and ODS (60e80 mm, YMC), respectively. Preparative
HPLC was performed on Shimadzu LC-6AD system equipped a di-
ode array detector, using an RP-18 column (250�21.2 mm, 5 mm,
Gemini, Phenomenex; detector set at 220 nm and 254 nm) with
a flow rate of 8.0 mL/min. All solvents used in column chroma-
tography were of analytical grade (Tianjin Damao Chemical Plant,
Tianjin, China).

3.2. Fungal material

The strain BYD07-13 was isolated from a soil sample, collected
from Baiyangdian, Hebei province of China. The fungal strain was
identified as T. flavus based on the morphological characters and
gene sequence analyses. A blast search of its ITS (KF917583), cal-
modulin (KF917585), and b-tubulin sequence (KF917584) showed
that these sequences matched well with the corresponding genes
(JN602366.1, AY678609.1, and AY766252.1) from T. flavus with se-
quence identify of 99%, 90%, and 95%, respectively. The detailed
identification method for gene sequencing analyses is described
below.

The fresh fungal mycelia (about 50 mg) were obtained by
centrifuging 1 mL of fresh culture in a 1.5 mL micro-centrifuge
tube. 100 mL of preheated (60 �C) 2xCTAB extraction buffer (2%
CTAB (w/v), 100 mM TriseHCl, 1.4 M NaCl, 20 mM EDTA, pH 8.0)
and 0.2 g sterilized quartz sand (Sangon Biotech Co., Ltd, Shanghai,
China) were added, and fungal mycelia were ground using a glass
pestle. 500 mL of preheated (60 �C) 2xCTAB extraction buffer was
added, and incubated at 60 �C for 30 min with occasional gentle
swirling. After that, 500 mL of phenolechloroform (1:1, v/v) was
added and mixed thoroughly to form an emulsion. The mixture
was centrifuged at 10,000 rpm for 10 min at room temperature.
The aqueous phase (500 mL) was removed into a fresh 1.5 mL tube
and extracted with 500 mL chloroform. The mixture was centri-
fuged at 10,000 rpm for 10 min at room temperature and the
aqueous phase (400 mL) was transferred into a new 1.5 mL tube.
Isopropanol (400 mL) was added and the genomic DNA in the
aqueous phase was precipitated by centrifuging at 10,000 rpm for
10 min. The DNA pellet was washed with 70% ethanol twice, dried,
and suspended in 50 mL H2O. The primer pairs ITS1 (50-
TCCGTAGGTGAACCTGCGG-30) and ITS4 (50-TCCTCCGCTTATTGA-
TATGC-30), Bt2a (50-GGTAACCAAATCGTGCTTTC-30) and Bt2b (50-
ACCCTCAGTGTAGTGACCCTTGGC-30), CF1 (50-AGGCGGGAYTCTYT-
GACYGA-30) and CF4 (50-TTTYGCATCATRAGYTGGAC-30), were used
for amplification of ITS fragment, b-tubulin gene, and calmodulin
gene, respectively. Amplification of ITS fragment was performed
using TaKaRa PCR Amplification Kit (Takara, Dalian, China), while
the b-tubulin and calmodulin genes were amplified using
2�EasyTaq PCR SuperMix (TransGen Biotech, Beijing, China). After
PCR, 4 mL of reaction mixture was loaded onto an agarose gel (1%
agarose) and subjected to electrophoresis. After the bands due to
the PCR products (approximate size 550 bp for partial ITS, 500 bp
for partial b-tubulin gene, and 1050 bp for partial calmodulin gene)
were confirmed, the PCR products were then submitted for se-
quencing (Sangon Biotech, Shanghai, China) with the corre-
sponding primers. The sequences data have been submitted to
GenBank.

The fungal strain was cultured on slants of potato dextrose agar
(PDA) at 25 �C for 5 days. Agar plugs were used to inoculate four
Erlenmeyer flasks (250 mL), each containing 100 mL of potato
dextrose broth (PDB). Four flasks of the inoculated media were
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incubated at 25 �C on a rotary shaker at 200 rpm for 5 days to
prepare the seed culture. Fermentation was carried out in 22
Erlenmeyer flasks (500 mL), each containing 70 g of rice. Distilled
H2O (105 mL) was added to each flask, and the contents were
soaked overnight before autoclaving at 120 �C for 30 min. After
cooling to room temperature, each flaskwas inoculatedwith 5.0mL
of the spore inoculum and incubated at room temperature for 55
days.

3.3. Extraction and isolation

The fermented material was extracted three times with EtOAc,
and the organic solvent was evaporated to dryness under vacuum
to afford the crude extract (46.2 g), which was dissolved in 90% v/v
aqueous methanol (500 mL) and partitioned against an equal
volume of cyclohexane (three times). The aqueous methanol layer
was evaporated to dryness under reduced pressure to give an
aqueous methanol extract (w, 28.1 g, the polyester-enriched frac-
tion), which was subjected to ODS column chromatography (CC)
using a CH3OHeH2O gradient elution to give four fractions (w1 to
w4). Fraction w4 (3.74 g) was separated by silica gel CC eluting
with cyclohexaneeEtOAc (90:10, 80:20, 70:30, 60:40, 0:100, v/v)
to afford five subfractions. Subfraction w4d (1.2 g) was separated
by Sephadex LH-20 CC with elution by CH3OH, and further purified
by RP-HPLC using 63% CH3OH in H2O to afford 15 (134.2 mg,
tR¼35.9 min) and 13 (79.2 mg, tR¼42.8 min). Fractions w2 (4.96 g)
and w3 (15.7 g) were combined together and further purified using
a silica gel column with a CH2Cl2eCH3OH gradient elution to give
seven subfractions (w2a to w2g). Subfraction w2d (1.73 g) was
further separated by a silica gel column with elution by cyclo-
hexaneeEtOAc (90:10, 85:15, 80:20, 70:30, 60:40, 0:100, v/v) to
afford seven subfractions. Compounds 11 (6.5 mg, tR¼23.2 min)
and 12 (212 mg, tR¼31.8 min) were obtained by RP-HPLC using 68%
CH3OH in H2O from subfraction w2d4 (545 mg). Subfraction w2d6
(779 mg) was separated by RP-HPLC using 63% CH3OH in H2O to
afford 6 (40.2 mg, tR¼16.8 min), 15 (9.4 mg, tR¼35.9 min), 13
(5.6 mg, tR¼42.8 min), 14 (35.4 mg, tR¼67.4 min), and 16 (19.3 mg,
tR¼101.5 min). Subfraction w2e (6.12 g) was further separated by
a silica gel column eluting with CHCl3eCH3OH (20:1, 10:1, 5:1, 3:1,
0:100, v/v) to afford eight subfractions. Subfraction w2e3 (1.95 g)
was further separated a silica gel column eluting with
CHCl3eCH3OH (30:1, 20:1, 10:1, 5:1, 0:100 v/v) to afford eight
subfractions. Subfractionw2e3a (529mg) was purified by RP-HPLC
using 58% CH3OH in H2O to afford 9 (22.5 mg, tR¼13.2 min), 7
(7.9 mg, tR¼14.8 min), 8 (6.9 mg, tR¼17.4 min), and 10 (51.5 mg,
tR¼20.4 min). Compound 17 (20.6 mg, tR¼35.5 min) was obtained
by RP-HPLC using 70% CH3OH in H2O from subfraction w2e3b
(456 mg). Subfraction w2e3f (448 mg) was purified by RP-HPLC
using 23% CH3CN in H2O with 0.05% formic acid to afford 2
(2.6 mg, tR¼21.4 min), 1 (12.6 mg, tR¼24.5 min), 5 (89.1 mg,
tR¼37.1 min), 3 (6.4 mg, tR¼44.6 min), and 4 (18.9 mg,
tR¼51.2 min).

3.3.1. Talapolyester A (1). Yellow oil; [a]D25 �45.4 (c 1.0, CH3OH); IR
(KBr) nmax cm�1: 3410, 2979, 2931, 1733, 1648, 1619, 1314, 1261,
1049; for 1H and 13C NMR data, see Table 1; HRESIMS (positive)
[MþH]þ m/z 487.1813 (calcd for C22H31O12, 487.1816).

3.3.2. Talapolyester B (2). Yellow oil; [a]D25 �49.7 (c 1.0, CH3OH); IR
(KBr) nmax cm�1: 3411, 2979, 2931, 1733, 1649, 1624, 1311, 1261,
1049; for 1H and 13C NMR data, see Table 1; HRESIMS (positive)
[MþNa]þ m/z 509.1636 (calcd for C22H30O12Na, 509.1635).

3.3.3. Talapolyester C (3). Yellow oil; [a]D25 �42.2 (c 1.0, CH3OH);
IR (KBr) nmax cm�1: 3418, 2979, 2935, 1735, 1649, 1618, 1314, 1261,
1049; for 1H and 13C NMR data, see Table 1; HRESIMS
tp://dx.doi.org/10.1016/j.tet.2014.02.060
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(positive) [MþNa]þ m/z 523.1796 (calcd for C23H32O12Na,
523.1791).

3.3.4. Talapolyester D (4). Yellow oil; [a]D25 �39.4 (c 1.0, CH3OH); IR
(KBr) nmax cm�1: 3418, 2979, 2935, 1735, 1649, 1618, 1314, 1261,
1049; for 1H and 13C NMR data, see Table 1; HRESIMS (positive)
[MþNa]þ m/z 523.1795 (calcd for C23H32O12Na, 523.1791).

3.3.5. Talapolyester E (14). Yellow powder; [a]D25 �20.7 (c 1.0,
CH3OH); IR (KBr) nmax cm�1: 3411, 2984, 2935, 1734, 1650, 1619,
1314, 1260, 1054; for 1H and 13C NMR data, see Table 2; HRESIMS
(positive) [MþH]þ m/z 705.2393 (calcd for C34H41O16, 705.2395).

3.3.6. Talapolyester F (16). Yellow powder; [a]D25 �16.2 (c 1.0,
CH3OH); IR (KBr) nmax cm�1: 3412, 2984, 2931, 1734, 1650, 1623,
1314, 1261, 1049; for 1H and 13C NMR data, see Table 2; HRESIMS
(positive) [MþH]þ m/z 733.2714 (calcd for C36H45O16, 733.2708).

3.4. Absolution configurations

Separate solutions of 1 (5mg), 3 (5mg), 4 (5mg),14 (10mg), and
16 (10 mg) in 1 N NaOH were stirred for 24 h at room temperature,
and the reactions were quenched by acidification with 1 N HCl
solution. The reaction mixture of 1 was purified by RP-HPLC to
afford 18 (53% CH3OH in H2O, 1.8 mg, tR¼17.8 min, white powder,
[a]D25 �47.6 (c 1.0, CH3OH)), and the residue was refluxed with
methylbenzene for 10 h at 130 �C. Then, it was subjected to short-
path distillation (130 �C, 0.1 mm)24 to give 19 (0.4 mg, colorless oil,
[a]D25�73.4 (c 0.1, CH3OH)). Similarly, 3, 4,14, and 16were processed
separately in the same way as 1. However, the reaction mixture of
16 only afforded 18. Moreover, we have also obtained 18 and 19
from the polyester-enriched fraction (w, 300 mg) in the same
manner as 1.

3.5. Preparation of (S)- and (R)-MTPA esters of 19 (19a and
19b)21

A solution of 19 (0.5 mg) in pyridine-d5 (0.5 mL) was treated
with (S)-MTPA chloride (12 mL) under an atmosphere of nitrogen in
an NMR tube. Themixturewas stirred at room temperature for 12 h
to obtain the (R)-MTPA ester (19b). The same procedurewas used to
prepare the (S)-MTPA ester (19a) with (R)-MTPA chloride.

The Dd values (DdH-2: �0.14643 and �0.03152; DdH-4: þ0.14524
and þ0.04753) of the (S)- and (R)-MTPA esters (19a and 19b) in-
dicated the S configuration for C-3 in 19.

3.6. MTT assay22,23

Five human cancer lines, human myeloid leukemia HL-60, he-
patocellular carcinoma SMMC-7721, lung cancer A-549, breast
cancer MCF-7, and colon cancer SW480, were used in the cyto-
toxicity assay. All the cells were cultured in DMEM medium
(Hyclone, USA), supplemented with 10% fetal bovine serum
(Hyclone, USA), in 5% CO2 at 37 �C. The cytotoxicity assay was
performed according to the MTT method in 96-well microplates
with cisplatin and paclitaxel (Sigma, USA) as the positive controls.
Cell viability after 48 h after treatment was examined and the cell
Please cite this article in press as: He, J.-W.; et al., Tetrahedron (2014), ht
growth curve was plotted. The inhibition rate was calculated and
plotted versus test concentrations to afford the IC50.
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