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Four unusual terpenylated acylphloroglucinols were isolated from the diethyl ether extract of the scales
and rhizomes of the fern Dryopteris wallichiana together with the known compounds albaspidins AA and
AB, and filixic acids ABA and ABB. Structures of the isolated compounds were established by extensive
spectroscopic analysis and their absolute configuration at C-1400 was determined by comparing their
CD spectra with those simulated for the respective isomers. Pure acylphloroglucinols displayed moderate
in vitro nematocidal activity against L4 stage larvae of Nippostrongylus brasiliensis (LD50 = 22–121 lM).

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction sequiterpenoid at C-50. Dryopteris wallichiana was investigated
Powdered rhizomes and extracts of ferns belonging to the genus
Dryopteris, particularly those of the male fern (D. filix-mas), were
used in the past as effective anthelmintic agents; their effects are
related to the presence of mixtures of acylphloroglucinols in these
plants (Chopra et al., 1985; Murakami and Tanaka, 1988). The iso-
lation of the bioactive compounds started in the 19th century due
to the strong biological activity of the extracts. So far, a large num-
ber of Dryopteris species have been analyzed, and many acylphl-
oroglucinols with two up to six rings have been characterized
(Widén et al., 1994). However, the structures of several compounds
isolated from extracts of various Dryopteris species could not be
completely elucidated. From some of these incomplete structural
descriptions (Euw et al., 1980; Fraser-Jenkins and Widén, 1993;
Widén et al., 1991), it might be inferred that a terpenyl moiety is
attached to an acylphloroglucinol residue. For this reason, the rein-
vestigation of the extracts for these unusual metabolites from
some Dryopteris species is of great interest.

Terpenylated acylphloroglucinols are rare in Dryopteris ferns.
Pentherin-I, a sesquiterpenylated flavaspidic acid, was isolated
from D. pentheri in 1973 (Widén et al., 1973) although its structure
could only be elucidated in part. The structural elucidation of the
first terpenylated phloroglucinol derivatives from the fronds of D.
atrata was reported 24 years later (Fuchino et al., 1997). They con-
sisted of a norflavaspidic acid AA or AB linking an aristolene-type
ll rights reserved.
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repeatedly in search for acylphloroglucinols (Hisada and Noro,
1961; Tryon et al., 1973; Widén et al., 1996). Although many acy-
lphlorolgucinol dimers, trimers and tetramers were isolated/de-
tected, specimens of D. wallichiana ssp. wallichiana from India
contained unknown phenolic compounds closely related to penth-
erin-I, whereas herbarium material from Mexico contained phlor-
oglucinol derivatives Wa-1 and 2, whose structures could not be
fully characterized (Widén et al., 1996).

Continuing with our search for bioactive acylphloroglucinols
from ferns (Socolsky et al., 2009, 2010a,b, 2011a,b), reported herein
is the isolation of four new unique terpenylated phloroglucinol
derivatives along with four known compounds from the scales
and rhizomes of an Argentine collection of the fern D. wallichiana
(Spreng.) Hyl. This is the second report on structure elucidation
of terpenylated acylphloroglucinols from Dryopteris ferns. These
new compounds are as abundant as the known acylphloroglucinols
in the crude filicin (diethyl ether extract) of this collection of D.
wallichiana (Section 4.3). Because terpenylated acylphloroglucinols
might also be responsible for the anthelmintic effects of Dryopteris’
extracts, the in vitro nematocidal activity of pure acylphlorogluci-
nols was evaluated against larvae of Nippostrongylus brasiliensis
at their parasitant stage L4.

2. Results and discussion

2.1. Isolation and structure elucidation

The scales and rhizomes of D. wallichiana were ground and ex-
tracted with Et2O. The resulting extract was processed on silica gel

http://dx.doi.org/10.1016/j.phytochem.2012.04.017
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and Sephadex LH-20 to obtain two acylphloroglucinol-containing
fractions (TLC analysis), that were purified by normal phase HPLC
to afford four acylphloroglucinols of novel structure named walli-
chins A–D (1–4, Fig. 1). The known compounds filixic acids ABA
and ABB were also isolated, along with albaspidins AA and AB.

Wallichin A (1) was obtained as a yellow gum. Its molecular for-
mula, C42H54O10, that accounts for 16� of unsaturation, was de-
duced from a molecular ion peak observed at m/z 718.3723
(calcd. 718.3718) in its HREIMS spectrum. The IR spectrum of this
compound showed a broad absorption centered at 3230 cm�1 as-
signed to the O–H stretching of a hydroxyl group involved in intra-
molecular hydrogen bonding, an intense band at 1693 cm�1

attributed to conjugated carbonyl groups, as well as other intense
bands at 1639 and 1614 cm�1 assigned to an aromatic ring. The
1H NMR spectrum of compound 1 in acetone-d6 (Table 1) showed
a singlet at a very low field (d 18.57, 5-OH), assigned to an enoliz-
able b-triketonic system. This evidence together with signals for a
gem-dimethyl group at d 1.52 and 1.50 (3H each, s) established
the presence of an acylfilicinic acid ring. This was corroborated by
comparison with literature data (Lounasmaa, 1978; Wollenweber
et al., 1998). Two doublets arising from an AB system were observed
at d 3.48 and 3.45 (1H each, d, J = 16.4 Hz) in the 1H NMR spectrum
of 1 suggesting the presence of a methylene bridge whose chemical
shift indicated that the CH2 connected an acylfilicinic acid and an
aromatic ring (v. Euw et al., 1985). NMR spectroscopic data also
provided evidence of acetyl (CH3CO, dH 2.70, 3H, s) and butyryl
(dH 3.16 and 3.12, 1H each, dt, J = 16.6, 7.3 Hz, 1.70, 2H, sext.,
J = 7.3 Hz; and 0.98, 3H, t, J = 7.3 Hz) groups attached to the rings.
Their location was established through long range H–C correlations
in the HMBC spectrum of 1 (Fig. 2). Crosspeaks observed between
H-11 and C-6, as well as between 40-OH and C-80, established the
position of the acetyl group at C-6 on the filicinic acid ring, and
the butyryl residue at C-30 on the acylphloroglucinol-type ring.

The presence of a terpenyl moiety was evident from analysis of
the 1H and 13C NMR spectra of 1 (Table 1) while HMBC correlations
between CH2-70 and C-40, C-50, and C-60 indicated the position of
the sidechain at C-50 (Fig. 2). Substraction of the contributions of
the acylphloroglucinol moiety from the molecular formula of 1
gave the subformula C21H32O2 for the terpenyl substituent.
Ten unsaturations accounted for the acylphloroglucinol residue.
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Fig. 1. Structure of terpenylated acylphloroglucinols and known com
Therefore, the terpenyl residue should have the remaining six.
The 1H NMR spectrum of 1 showed the presence of a CH2 of an exo-
cyclic double bond (d 4.86, 1H, d, J = 1.2 Hz, H-1700a and d 4.62, 1H,
d, J = 1.2 Hz, H-1700b) and a trisubstituted double bond (d 5.66, 1H,
br. t, J = 6.3 Hz, H-1200). The signal at d 179.7 ppm on the 13C NMR
spectrum of 1 established the presence of a carboxyl group (C-
1800). Then, the terpenyl moiety should have three cycles. Cycliza-
tion of the sidechain to form a pyrane ring (chromane) was evident
from the 13C NMR signal at d 85.0 ppm, assigned to C-1400. The
chemical shift of the 40-OH (d 14.12 ppm) indicated a strong asso-
ciation by hydrogen bonding to the carbonyl group at C-30, which
was confirmed by an HMBC correlation observed between this hy-
droxyl group and C-80 (Fig. 2). Moreover, only one OH group at-
tached to the aromatic ring (OH-20) showed a correlation with C-
10 (Fig. 2). Thus, cyclization should occur at C-60, and comparison
with literature data supported this deduction (Ishiguro et al.,
1994; Rocha et al., 1996; Socolsky et al., 2010a,b). Spectroscopic
evidence (Table 1) and comparison with literature data allowed
us to identify the terpenyl moiety as a labda-8(17),12E-dien-18-
oic acid (Kuo et al., 2008; Minami et al., 2002). The E configuration
of the double bond at C-1200 was established through a NOESY cor-
relation observed between H-1100 and H-1600 (Fig. 3). Other key
NOESY correlations were observed between H-2000 and H-1900, as
well as between H-500 and H-900, indicating the relative stereochem-
istry of the terpenyl moiety (Fig. 3). The ent- configuration for the
labdane-type moiety is thus proposed, since usually the mentioned
configuration has been reported for fern labdanes (Murakami and
Tanaka, 1988; Socolsky et al., 2007). Additional evidence support-
ing the proposed structure was obtained from the EIMS spectrum
of 1 which showed ions of m/z 208 (base peak) and 510, both
originating from the molecular ion by hydrogen transfer with
cleavage of the methylene bridge (Fig. 4). This rearrangement usu-
ally yields the most intense peaks in the MS spectrum of Dryopteris’
acylphloroglucinols and is observed when using different ioniza-
tion techniques, such as EI, FAB, CI, and APCI (Lounasmaa, 1979;
Lounasmaa et al., 1972; Widén et al., 1992, 1994; Wollenweber
et al., 1998).

The CD spectrum of 1 showed positive Cotton effects at
De206 + 23.40, De299 + 1.53, and De332 + 0.72 and negative Cotton ef-
fects at De228 � 12.05 and De361 � 0.89. The absolute configuration
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Table 1
Spectroscopic data of compounds 1 and 2 (acetone-d6, 600 MHz).

1 2

Position d 1H (mult., J in Hz) dC (m) HMBC (1H ? 13C) d 1H (mult., J in Hz) dC (m) HMBC (1H ? 13C)

1 188.4 s 188.4 s
2 112.1 s 112.1 s
3 172.2 s 172.1 s
4 44.9 s 44.9 s
5 199.7 s 199.7 s
6 109.2 s 109.2 s
7 3.48 (d, 16.4) 17.6 t 1, 2, 3, 10 , 20 , 60 3.48 (d, 15.9) 17.7 t 1, 2, 3, 10 , 20 , 60

3.45 (d, 16.4) 1, 2, 3, 10 , 20 , 60 3.45 (d, 15.9) 1, 2, 3, 10 , 20 , 60

8 1.52 (s) 24.9 q 3, 4, 5, 9 1.54 (s) 25.0 q 3, 4, 5, 9
9 1.50 (s) 25.1 q 3, 4, 5, 8 1.51 (s) 25.2 q 3, 4, 5, 8

10 204.4 s 204.4 s
11 2.70 (s) 29.3 q 6, 10 2.70 (s) 29.3 q 6, 10
10 105.0 s 105.1 s
20 158.7 s 158.7 s
30 106.7 s 106.7 s
40 163.2 s 163.2 s
50 102.7 s 102.7 s
60 158.2 s 158.4 s
70 2.72 (ddd, 16.7, 5.7, 3.1) 19.1 t 40 , 50 , 60 , 140 0 ,150 0 2.75 (ddd, 16.5, 5.0, 3.1) 19.2 t 40 , 50 , 60 , 150 0

2.50 (ddd, 16.7, 11.3, 5.7) 40 , 50 , 60 , 140 0 ,150 0 2.55–2.47a 40 , 50 , 60 , 150 0

80 207.7 s 207.8 s
90 3.16 (dt, 16.6, 7.3) 46.9 t 80 , 100 , 110 3.17 (dt, 16.6, 7.3) 46.9 t 80 , 100 , 110

3.12 (dt, 16.6, 7.3) 80 , 100 , 110 3.14 (dt, 16.6, 7.3) 80 , 100 , 110

100 1.70 (sextet, 7.3) 18.8 t 80 , 90 , 110 1.70 (sextet, 7.3) 18.8 t 80 , 90 , 110

110 0.98 (t, 7.3) 14.5 q 90 , 100 0.98 (t, 7.3) 14.2 q 90 , 100

10 0 1.90–1.83a 39.1 t 20 0 , 30 0 , 90 0 , 100 0 , 200 0 1.93 (br dt, 12.8) 39.2 t 30 0 , 90 0 , 100 0 , 200 0

1.24 (td, 12.8, 3.9) 20 0 , 30 0 , 90 0 , 100 0 , 200 0 1.28 (td, 12.8, 4.1) 30 0 , 90 0 , 100 0 , 200 0

20 0 1.70–1.58a 19.2 t ND 1.65 (ddd, 18.1, 6.7, 3.2) 19.2 t ND
1.70–1.58a ND 1.70–1.59a ND

30 0 1.80 (td, 12.4, 4.3) 37.8 t 10 0 , 20 0 , 40 0 , 50 0 , 190 0 1.82 (td, 12.6, 4.1) 37.8 t 20 0 , 40 0 , 180 0 , 190 0

1.64–1.58a 10 0 , 20 0 , 40 0 , 50 0 , 190 0 1.65–1.59a 20 0 , 40 0 , 180 0 , 190 0

40 0 47.7 s 47.8 s
50 0 2.04 (dd, ND, 2.5) 50.4 d 40 0 , 60 0 , 70 0 , 90 0 , 100 0 , 180 0 , 190 0 , 200 0 2.08 (dd, 12.8, 2,7) 50.5 d 40 0 , 60 0 , 70 0 , 90 0 , 100 0 , 180 0 , 190 0 , 200 0

60 0 1.47 (td, 12.8, 4.3) 27.3 t 50 0 , 70 0 , 100 0 1.48 (td, 12.8, 4.2) 27.3 t 70 0

1.38 (ddt, 12.8, 5.3, 2.5) 50 0 , 70 0 , 100 0 1.38 (ddd, 12.8, 5.5, 2.7) 70 0

70 0 2.36 (ddd, 12.8, 4.3, 2.5) 38.4 t 80 0 , 90 0 2.38 (ddd, 12.8, 4.2, 2.7) 38.4 t 50 0 , 60 0 , 80 0 , 90 0 , 170 0

2.06–2.00a 80 0 , 90 0 2.10–2.05a 50 0 , 60 0 , 80 0 , 90 0 , 170 0

80 0 148.7 s 148.9 s
90 0 1.90 (br d, 10.1) 57.9 d 50 0 , 80 0 , 100 0 , 110 0 , 120 0 , 170 0 , 200 0 2.03–1.96a 58.1 d 50 0 , 80 0 , 100 0 , 110 0 , 200 0

100 0 39.5 s 39.6 s
110 0 2.40 (br dd, 15.6, 6.3) 23.3 t 80 0 , 90 0 , 120 0/130 0 2.55–2.47a 23.2 t 80 0 , 90 0 , 120 0 , 130 0

2.25 (ddd, 15.6, 11.0, 6.3) 80 0 , 90 0 , 120 0/130 0 2.18 (ddd, 15.1, 11.1, 5.9) 80 0 , 90 0 , 120 0 , 130 0

120 0 5.66 (br t, 6.3) 132.8 d 90 0 , 110 0 , 140 0 , 160 0 5.73 (br t, 6.3) 132.7 d 90 0 , 110 0 , 140 0 , 160 0

130 0 132.8 s 133.5 s
140 0 4.63 (dd, 10.1, 2.0) 85.0 d 70 , 120 0/130 0 , 150 0 , 160 0 4.61 (dd, 9.5, 3.3) 85.4 d 70 , 130 0 , 150 0 , 160 0

150 0 2.06–1.96a 26.0 t 50 , 70 2.03–1.96a 25.8 t ND
160 0 1.85 (br s) 12.6 q 120 0/130 0 , 140 0 1.85 (br s) 12.2 q 120 0 , 130 0 , 140 0

170 0 4.86 (d, 1.2) 108.6 t 70 0 , 80 0 , 90 0 4.86 (d, 1.4) 108.2 t 70 0 , 80 0 , 90 0

4.62 (d, 1.2) 70 0 , 80 0 , 90 0 4.59 (d, 1.4) 70 0 , 80 0 , 90 0

180 0 179.7 s 179.6 s
190 0 1.15 (s) 17.1 q 30 0 , 40 0 , 50 0 , 180 0 1.15 (s) 17.1 q 30 0 , 40 0 , 50 0

200 0 0.81 (s) 15.0 q 10 0 , 50 0 , 90 0 , 100 0 0.81 (s) 15.0 q 10 0 , 50 0 , 90 0 , 100 0

3-OH 9.10 (s) – 2, 3, 4 9.04 (s) – 2, 3, 4
5-OH 18.57 (s) – 4, 5, 6, 10 18.56 (s) – 4, 5, 6, 10

20-OH 11.43 (s) – 10 , 20 , 30 11.47 (s) – 10 , 20 , 30

40-OH 14.12 (s) – 30 , 40 , 50 , 80 14.13 (s) – 30 , 40 , 50

a Overlapping signals, ND: Not determined due to overlap with solvent or other signals.
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of compound 1 at C-1400 was assessed by simulating its electronic
circular dichroism spectrum (ECD) using the time-dependent den-
sity functional theory (TD-DFT) method (Jiemchooroj and Norman,
2007; Wu et al., 2011). On the basis of the absolute configuration
of the terpenyl moiety, two hypothetical molecules were modeled
with configurations R and S at C-1400. Geometries of the mentioned
molecules in ethanol solution were optimized at the B3LYP/6–
31G� level of theory. Then, their ECD spectra were calculated with
the same combination of method and basis set at the optimized
geometries (Supporting Information, Table S1). The calculated ECD
spectrum of the 1400S isomer gave the best fit with the experimental
CD of 1 (Fig. 5). Based on the foregoing evidence, the structure of
wallichin A (1) could be established as depicted.

Wallichin B (2) has the same molecular formula of compound 1,
and thus they are isomers. The 1H and 13C NMR spectroscopic data
of 2 (Table 1) were similar to those of compound 1 and only slight
differences were observed in their 1D NMR spectra, particularly in
the signals of atoms near C-1400. The [a]D of this compound was
found to be �27.1, while the corresponding value for wallichin A
(1) is +23.6. The intensities of the main peaks in the EIMS spectrum
of 2 were significantly different from the corresponding signals in
that of 1, indicating that these two compounds were neither iden-
tical nor enantiomers (Sections 4.3.1 and 4.3.2). Based on the pre-
sented evidence, and due to the fact that cyclization of the
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chromane could take place to give any of the two epimers, wallichin
B (2) might be an epimer of acylphloroglucinol 1 at C-1400. In order
to clarify this point, the CD spectrum of 2 was recorded. It showed
bands of opposite sign when compared with that of 1 (Fig. 6). These
two compounds behave as enantiomers by CD, probably due to the
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fact that C-1400 is the only chiral center near the chromophores. The
absolute configuration at C-1400 was established as R by comparison
with the simulated ECD for this epimer (Fig. 7).

The molecular formula of wallichin C (3), C42H54O10, was ob-
tained from its HREIMS spectrum (m/z 718.3706, calcd
718.3718). This compound has the same molecular formula of 1
and 2. The 1D NMR spectroscopic data of 3 (Table 2) resembled
those of 1 and 2. The main difference concerned the chemical shift
of the hydroxyl protons of the acylphloroglucinol-type ring, OH-20

and OH-60 (d 16.48 and 11.26, respectively), in the 1H NMR spec-
trum of compound 3. As was previously reported for other acylphl-
Table 2
NMR spectroscopic data of compounds 3 and 4 (acetone-d6, 600 MHz).

3

Position d 1H (mult., J in Hz) dC (m) HMBC (1H ? 13C)

1 188.3 s
2 112.1 s
3 172.6 s
4 45.0 s
5 199.9 s
6 109.1 s
7 3.53 (d, 15.7) 17.2 t 1, 2, 3, 10 , 20 , 60

3.50 (d, 15.7) 1, 2, 3, 10 , 20 , 60

8 1.478 (s) 24.9 q 3, 4, 5, 9
9 1.482 (s) 25.0 q 3, 4, 5, 8

10 204.2 s
11 2.70 (s) 29.2 q 6, 10
10 106.0 s
20 161.6 s
30 104.8 s
40 158.4 s
50 103.8 s
60 162.6 s
70 2.73 (ddd, 16.7, 5.5, 2.5) 20.2 t 40 , 50 , 1400 , 1500

2.54 (ddd, 16.7, 11.7, 5.5) 40 , 50 , 1400 , 1500

80 207.2 s
90 3.02 (ddd, 15.8, 8.4, 6.6) 46.5 t 80 , 100 , 110

2.92 (ddd, 15.8, 8.4, 6.6) 80 , 100 , 110

100 1.70–1.57a 19.2 t 90 , 110

110 0.96 (t, 7.3) 14.5 q 90 , 100

100 1.91–1.84a 39.1 t 200 , 300 , 900 , 1000 , 2000

1.23 (td, 12.8, 4.1) 200 , 300 , 900 , 1000 , 2000

200 1.70–1.57a 19.2 t ND
1.70–1.57a ND

300 1.80 (td, 12.6, 4.2) 37.8 t 100 , 400 , 500

1.62–1.57a 100 , 400 , 500

400 47.7 s
500 2.03 (dd, 12.8, 2.5) 50.4 d 400 , 600 , 700 , 900 , 1000 , 1800 , 1900 , 20
600 1.46 (td, 12.8, 4.2) 27.3 t 500 , 700 , 800 ,1000

1.36 (ddt, 12.8, 7.5, 2.5) 500 , 700 , 800 ,1000

700 2.34 (ddd, 12.8, 4.2, 2.5) 38.4 t 500 , 600 , 800 , 900 , 1700

2.06–2.00a 500 , 600 , 800 , 900 , 1700

800 148.8 s
900 1.91–1.84a 58.1 d 800 , 1100 , 1200 , 1700 , 2000

1000 39.6 s
1100 2.39 (ddd, 15.2, 6.2, 1.8) 23.2 t 800 , 900 , 1200 , 1300

2.16 (ddd, 15.2, 10.8, 6.2) 800 , 900 , 1200 , 1300

1200 5.57 (t, 6.2) 130.2 d 900 , 1100 , 1300 , 1400 , 1600

1300 133.9 s
1400 4.42 (dd, 10.3, 1.8) 83.4 d 70 , 1200 , 1300 , 1500 , 1600

1500 1.97–1.84a 25.9 t ND
1600 1.80 (s) 12.6 q 1200 , 1300 , 1400

1700 4.82 (d, 1.3) 108.3 t 700 , 800 , 900

4.53 (d, 1.3) 700 , 800 , 900

1800 179.7 s
1900 1.14 (s) 17.1 q 300 , 400 , 500

2000 0.79 (s) 15.0 q 100 , 500 , 900 , 1000

3-OH 10.16 (s) – 2, 3, 4
5-OH 18.57 (s) – 4, 5, 6, 10

20-OH 16.48 (s) – 10 , 20 , 30 , 80

60-OH 11.26 (s) – 10 , 50 , 60

a Overlapping signals, ND: Not determined due to overlap with solvent or other signa
oroglucinols, the observed chemical shifts indicated that the
cyclization pattern involves the OH group at C-40 instead of that
at C-60 (Ishiguro et al., 1994; Rocha et al., 1996; Socolsky et al.,
2010b). Further evidence of the cyclization pattern was obtained
from the HMBC spectrum of 3 that showed correlations of the
two OH groups attached to the aromatic ring (OH-20 and OH-60)
with C-10. Thus, the structure of wallichin C (3) was established
as shown. To determine the absolute configuration of 3 at C-1400,
the ECD spectra of both epimers were simulated. The isomer with
S configuration gave the best fit with the experimental CD spec-
trum (Fig. 8).
4

d 1H (mult., J in Hz) dC (m) HMBC (1H ? 13C)

188.3 s
112.1 s
172.6 s

45.0 s
199.9 s
109.2 s

3.53 (d, 15.8) 17.2 t 1, 2, 3, 10 , 20 , 60

3.50 (d, 15.8) 1, 2, 3, 10 , 20 , 60

1.478 (s) 24.9 q 3, 4, 5, 9
1.485 (s) 25.0 q 3, 4, 5, 8

204.2 s
2.70 (s) 29.2 q 6, 10

106.0 s
161.6 s
104.8 s
158.4 s
103.8 s
162.6 s

2.74 (ddd, 16.7, 5.7, 2.5) 20.2 t 40 , 50 , 60 , 1500

2.55 (ddd, 18.2, 11.9, 6.5) 40 , 50 , 60 , 1500

207.2 s
3.02 (ddd, 16.2, 7.9, 6.9) 46.4 t 80 , 100 , 110

2.95 (ddd, 16.2, 7.9, 6.9) 80 , 100 , 110

1.70–1.57a 19.0 t 80 , 90 , 110

0.95 (t, 7.3) 14.3 q 90 , 100

1.92–1.82a 39.1 t 200 , 1000

1.23 (td, 13.0, 3.6) 200 , 1000

1.70–1.57a 19.2 t ND
1.70–1.57a ND
1.92–1.80a 37.8 t 100 , 200 , 400 , 500

1.60 (td, 12.8, 2.8) 100 , 200 , 400 , 500

47.7 s
00 2.04 (dd, 12.4, 2.7) 50.4 d 400 , 600 , 700 , 900 , 1000 , 1800 , 1900 , 2000

1.46 (td, 12.8, 4.3) 27.3 t 500 , 700 , 1000

1.37 (ddt, 12.8, 7.5, 2.6) 500 , 700 ,1000

2.35 (ddd, 12.8, 4.1, 2.1) 38.4 t 500 , 600 , 800 , 900 , 1700

2.02 (td, ND, 5) 500 , 600 , 800 , 900 , 1700

148.9 s
1.92–1.82a 58.0 d 800 , 1100 , 1700 , 2000

39.5 s
2.38–2.32a 23.2 t 800 , 900 , 1200 , 1300

2.20 (ddd, 15.3, 11.0, 7.1) 800 , 900 , 1200 , 1300

5.54 (t, 6.4) 130.3 d 900 , 1100 , 1400 , 1600

133.9 s
4.42 (dd, 10.3, 2.0) 83.4 d 70 , 1200 , 1300 , 1500 , 1600

1.96 (ddt, 13.5, 6.5, 2.0) 26.0 t 70 , 1400

1.80 (s) 12.6 q 1200 , 1300 , 1400

4.83 (d, 1.2) 108.4 t 700 , 800 , 900

4.53 (d, 1.2) 700 , 800 , 900

179.7 s
1.14 (s) 17.1 q 300 , 400 , 500

0.79 (s) 15.0 q 100 , 500 , 900 , 1000

10.16 (s) – 2, 3, 4
18.57 (s) – 4, 5, 6, 10
16.48 (s) – 10 , 20 , 30 , 80

11.26 (s) – 10 , 50 , 60

ls.



Table 3
In vitro anthelmintic activity of acylphloroglucinols from the fern D. wallichiana
against L4 larvae of N. brasiliensis.

Compound LD50 [lM] (CI95)a LD50 [ppm] (CI95)a

Wallichin A (1) 34 (29; 40) 24.4 (20.6; 28.9)
Wallichin B (2) 22 (13; 36) 15.8 (9.5; 26.2)
Wallichin C (3) 118 (93; 148) 84.4 (66.8; 106.6)
Albaspidin AA 106 (72; 157) 43.0 (29.1; 63.6)
Albaspidin AB 121 (96; 153) 52.2 (41.4; 66.0)
Filixic acid ABA 28 (20; 37) 16.9 (12.6; 22.8)
Filixic acid ABB 37 (21; 65) 23.5 (13.3; 41.6)
Albendazole 0.3 0.08

a CI95: 95% confidence interval.
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Wallichin D (4) was obtained together with wallichin C (3) by
HPLC processing of one of the phloroglucinol containing fractions
(Rt 35 and 33 min, respectively) and was assigned the formula
C42H54O10 on the basis of HREIMS. This compound has the same
molecular formula of 1–3. The 1D NMR spectra of compound 4
were identical to those of 3, but different relative intensities of
the main peaks in their EIMS spectra indicated that they were
not the same. Moreover, their specific rotation differed signifi-
cantly (�66.6 and +43.1 for compounds 3 and 4, respectively). It
was reasonable to think that wallichins C (3) and D (4) were epi-
mers at C-1400. In order to confirm this hypothesis, CD spectra were
recorded for both compounds. They showed bands with opposite
sign all along their spectra (Supporting Information, S23). The
absolute configuration at C-1400 was established as R by compari-
son of the experimental CD spectrum of 4 with those calculated
for both epimers (see Fig. 9).

2.2. In vitro nematocidal activity

Plants have been used, throughout history, for their medicinal
properties. Due to the fact that Dryopteris ferns were employed
to treat helminthiasis in traditional medicine and ethnoveterinary
(Githiori et al., 2006; Murakami and Tanaka, 1988), the in vitro
anthelmintic activity of the pure acylphloroglucinols was evalu-
ated against the rat parasitic nematode N. brasiliensis L4.

All tested acylphloroglucinols showed moderate activity (Ta-
ble 3), though significantly lower than the reference drug albenda-
zole (LD50 = 0.3 lM), with wallichin B (2) being the most active
(LD50 = 22 lM). Some qualitative structure–activity relationships
could be derived from the results. Filixic acids are more active
(LD50 = 28–37 lM) than albaspidins (LD50 = 106–121 lM). Con-
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Fig. 8. Experimental CD spectrum of compound 3 (ethanol solution) compared with
simulated ECD spectra of both epimers at C-1400 (1400S and 1400R).
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Fig. 9. Calculated ECD spectra of both isomers at C-140 0 (140 0S and 140 0R) compared
with the experimental CD spectrum of wallichin D (4) in ethanol solution.
cerning terpenylated phloroglucinol derivatives 1, 2, and 3, the
presence of a free hydroxyl group at C-40 seems to accentuate the
activity, since wallichins A (1) and B (2) are considerably more ac-
tive (LD50 = 34 and 22 lM, respectively) than wallichin C (3)
(LD50 = 118 lM).
3. Conclusions

Terpenylated acylphloroglucinols are rare in nature and display
fascinating biological activities. The present report constitutes an
important contribution to the knowledge of the absolute stereo-
chemistry of acylphloroglucinols. The determination of the abso-
lute configuration of compounds 1–4 by simulation of their ECD
spectra provides another example of the utility of this computa-
tional method even for complex molecules such as these. All eval-
uated acylphloroglucinols show moderate nematocidal activity
against N. brasiliensis.
4. Experimental section

4.1. General experimental procedures

Optical rotations were measured on a JASCO P-1030 digital
polarimeter. UV and CD spectra were recorded on a JASCO V-550
spetrophotometer and a JASCO J-810 spectropolarimeter, respec-
tively. Infrared spectra were acquired on a Shimadzu FT/IR-8400S
spectrophotometer by the diffuse reflectance method. MS analyses
were conducted on a JEOL JMS AX-500 spectrometer. NMR spectra
were measured at 600 MHz for 1H and 150 MHz for 13C on a Varian
Unity 600, using acetone-d6 as solvent and internal standard. Col-
umn chromatography (CC) was carried out over silica gel 60 (70–
230 mesh, Merck), using an n-hexane–EtOAc gradient as mobile
phase. Gel filtration chromatography was performed over Sepha-
dex-LH 20, using a mixture of CH2Cl2–MeOH (1:1) as eluent. The
eluate of each column was monitored by TLC on glass precoated
plates F254 and Godin reagent was used to visualize the spots (God-
in, 1954). Preparative HPLC was carried out on a Gilson equipment,
using a Si gel column (Chemcopak; Chemcosorb 5 Si–U, 5 lm,
250 � 10 mm i.d.), and ultraviolet and refractive index detectors
in parallel.
4.2. Plant material

D. wallichiana was collected on route 324 near Yacuchina, Tuc-
umán Province, Argentina, in December 2008. Plant material was
identified by Marcela A. Hernández and a voucher specimen
(Socolsky y Bardón 14) was deposited at the Herbarium of the Fun-
dación Miguel Lillo, Tucumán, Argentina.
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4.3. Extraction and isolation

The air dried rhizomes and scales of D. wallichiana (138 g) were
ground and extracted with Et2O, and the extract (10.9 g) submitted
to silica gel CC to yield two acylphloroglucinol-containing frac-
tions: I (388 mg) and II (1.3 g). Fraction I was first purified by gel
filtration on Sephadex LH-20 to eliminate chlorophylls, and further
processed by NPHPLC (85:15 n-hexane–EtOAc, 1% HOAc, 3.5 mL/
min) to give two fractions (A and B). Fraction A was reprocessed
by HPLC (95:5 n-hexane–EtOAc, 1% HOAc, 4.0 mL/min) to afford
compounds 3 (Rt: 33 min, 44.4 mg, yield: 0.4% of crude extract)
and 4 (Rt: 35 min, 24.3 mg, 0.2% yield). NPHPLC of fraction B
yielded albaspidin AA (14.7 mg, 0.1% yield), albaspidin AB
(2.5 mg, 0.02% yield), filixic acid ABA (27.5 mg, 0.2% yield), and
filixic acid ABB (6.4 mg, 0.06% yield). Fraction II was processed on
a Sephadex LH-20 column to give chlorophyll free fraction C
(878 mg). HPLC of a portion (222 mg) of fraction C (92:8 n-hex-
ane–EtOAc, 1% HOAc) afforded acylphloroglucinols 1 (19.3 mg,
0.7% yield) and 2 (7.9 mg, 0.3% yield).
4.3.1. Wallichin A (1)
Yellow gum; ½a�22:0

D +23.6 (c 1.0, CHCl3); IR mneat
max cm�1: 3219,

3082, 2741, 2660, 1693, 1639, 1614; UV (EtOH) kmax (loge): 354
(4.14), 303 (4.34), 221 (4.39); for 1H NMR (600 MHz, acetone-d6)
and 13C NMR (150 MHz, acetone-d6) spectroscopic data, 2CC Ta-
ble 1; CD (3.3 � 10�5 M, EtOH) kmax nm (De): 206 (+23.40), 228
(�12.05), 299 (+1.53), 332 (+0.72), 361 (�0.89) in Fig. 5; HREIMS,
75 eV, m/z: 718.3723 (calcd for C42H54O10: 718.3718); EIMS m/z
(rel int): 718 (0.2) [M]+, 510 (3), 404 (3), 209 (24), 208 (100), 196
(18), 193 (50), 165 (20).
4.3.2. Wallichin B (2)
Reddish gum; ½a�22:6

D �27.1 (c 1.0, CHCl3); IR mneat
max cm�1: 3225,

3080, 2741, 2656, 1695, 1614; UV (EtOH) kmax (loge): 355 (3.94),
302 (4.12), 221 (4.16); for 1H NMR (600 MHz, acetone-d6) and
13C NMR (150 MHz, acetone-d6) spectroscopic data 2CC Table 1;
CD (6.8 � 10�5 M, EtOH) kmax nm (De): 208 (�27.44), 231
(+12.22), 301 (+0.96), 339 (�0.84), 366 (+0.72) in Fig. 6; HREIMS,
75 eV, m/z: 718.3719 (calcd for C42H54O10: 718.3718); EIMS m/z
(rel int): 718 (0.1) [M]+, 510 (2), 404 (45), 209 (48), 208 (100),
196 (67), 193 (89), 165 (36).
4.3.3. Wallichin C (3)
Yellow gum; ½a�21:8

D �66.6 (c 1.0, CHCl3); IR mneat
max cm�1: 3142,

3082, 2721, 2650, 1693, 1636, 1606; UV (EtOH) kmax (loge): 356
(4.20), 304 (4.30), 218 (4.45); for 1H NMR (600 MHz, acetone-d6)
and, 13C NMR (150 MHz, acetone-d6) spectroscopic data, 2CC in Ta-
ble 2; CD (3.5 � 10�5 M, EtOH) kmax nm (De): 202 (�1.59), 216
(+11.60), 230 sh (+4.58), 289 (�3.51), 340 (�0.96) in Fig. 8; HRE-
IMS, 75 eV, m/z: 718.3706 (calcd. for C42H54O10: 718.3718); EIMS
m/z (rel int): 718 (1) [M]+, 510 (14), 209 (88), 208 (100), 193
(56), 165 (27).
4.3.4. Wallichin D (4)
Yellow gum; ½a�21:8

D +43.1 (c 1.0, CHCl3); IR mneat
max cm�1: 3136,

3080, 2719, 2652, 1693, 1636, 1606; UV (EtOH) kmax (loge): 356
(4.27), 304 (4.36), 219 (4.51); for 1H NMR (600 MHz, acetone-d6)
and 13C NMR (150 MHz, acetone-d6) spectroscopic data, 2CC Ta-
ble 2; CD (3.3 � 10�5 M, EtOH) kmax nm (De): 203 (+11.20), 218
(�11.18), 238 sh (�2.90), 287 (+2.23), 344 (+1.57) in Fig. 9; HRE-
IMS, 75 eV, m/z: 718.3719 (calcd. for C42H54O10: 718.3718); EIMS
m/z (rel int): 718 (0.3) [M]+, 510 (18), 209 (100), 208 (55), 193
(30), 165 (20).
4.4. Determination of the absolute configuration of wallichins A–D (1–
4) at C-1400

All calculations were carried out with the Gaussian 03 program
(Frisch et al., 2004). Geometries of the hypothetical isomers were
first optimized using a density functional theory (DFT) method
(B3LYP) with the 6–31G� basis set. PCM model was used to take
into account the effect of the solvent (EtOH) on the electronic
structures of the evaluated systems. Time dependent density func-
tional theory (TD-DFT) was employed to perform the calculations
for the excited states at the ground-state optimized geometries.
These calculations were performed using the same method and ba-
sis set applied to the ground-state calculations to obtain the exci-
tation energies and rotatory strengths of the lowest 50 spin-
allowed excited states. ECD spectra were simulated from these
data after applying the following equations:

Den ¼
knRn

22:94
ffiffiffiffiffiffiffiffiffiffiffiffi
pDkn
p � 1040

where Den is the peak intensity of the nth transition in
L mol�1 cm�1, kn is the wavelength of the mentioned transition in
cm, Rn is its rotatory strength, and Dkn is the width at 1/e of the
peak maximum. This last parameter is defined as Dkn = kn

2Dm, with
Dm = 2500 cm�1 in this particular case.

De ¼
X

n

Den exp � k� kn

Dkn

� �2
" #
4.5. Anthelmintic activity in an in vitro model of N. brasiliensis L4

The effect of pure acylphloroglucinols from D. wallichiana on L4
larvae of N. brasiliensis was evaluated as described previously (Gor-
don et al., 1997). Tests were carried out in tissue-culture 24-well
plates. Culture medium (1.8 mL) was poured into each well, fol-
lowed by 50 larvae suspended in 0.2 mL of the same culture med-
ium. L4 larvae used in this test were recovered from male Wistar
rats (60 days old) at the third day post-infection with L3 larvae
of N. brasiliensis.

In all cases, compounds were dissolved in dimethyl sulfoxide
(DMSO) and used immediately. Appropriate dilutions in DMSO
were prepared for each sample to be tested in order to obtain
the desired concentration after the addition of 10 lL of the solution
into each well. The assay was carried out in four replicates for each
concentration. The number of dead worms was determined after
5 days and corrected by controls. The recorded mortality was used
to calculate LD50 by probit analysis performed on a software com-
puter program. Control experiments were performed by pouring
10 lL of DMSO in the culture medium. Albendazole was used for
the positive control and as reference drug (LD50 = 0.3 lM).
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