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Pterocephalus perennis subsp. perennis, Cantleyoside-dimethyl-acetal,

Antimicrobial Activities

Cantleyoside-dimethyl-acetal (6), was isolated from the endemic Greek plant Pterocepha-
lus perennis subsp. perennis in addition to five other known iridoid glucosides, loganin, lo-
ganic acid, cantleyoside, secologanin, and secologanin-dimethyl-acetal. The structure of these
compounds was determined by all spectroscopic means mainly by NMR and MS techniques.
The above compounds as well as their acetyl derivatives were tested against six Gram positive

and negative bacteria and three pathogenic fungi.

Introduction

Dipsacaceae is considered as the most advanced
family within dicotyledones from a phylogenetic
point of view (Greuter et al., 1985). Most of the
taxa are widespread over the Mediterranean re-
gion and the Middle East (Ferguson, 1972). Ptero-
cephalus perennis subsp. perennis belonging to the
family Dipsacaceae, is an endemic but abundant
species of Greek peninsula and can be found in
rocky and bushy places (Greuter et al., 1985). The
aerial parts of the plant have been used tradition-
ally, all over Greece, for their antiseptic activities
and also are used to possess astringent properties
(Perdetzoglou, 1994). No phytochemical work has
been reported on this species and from the genus
Pterocephalus, only phytochemical works from P.
bretscheidri and P. hookeri growing in China, have
been referred until now (Tian et al., 1993a; Tian
et al., 1993b, Tian et al. 1995).

In the course of our investigation of the chemi-
cal constituents of Greek plants belonging to the
family Dipsacaceae, we isolated the iridoids: lo-
ganin (1), loganic acid (2), cantleyoside (3), seco-
loganin (4), secologanin-dimethyl-acetal (5), and
cantleyoside-dimethyl-acetal (6).

Especially compound 6, was isolated as an
amorphous powder. The 'H-NMR spectrum
showed two singlets at 87,44 and 7,46 which are
characteristic of H-3 protons of dimmers of iri-

doids and secoiridoids. From the COSY it was
shown that the signals at 85,27 and 5,76 attributed
to the coupling of the methylene protons at H-10
and H-8. Two singlets at 83,31 corresponded to the
two methoxy groups at position-7 of secoiridoid
and the coupling is obvious in HMBC. From the
same spectra we observed that the singlet at 63,7
(OCH;) has coupling with the C-11 at 8168 and
the coupling of H-3 protons (87,44 and 7,46) with
the anomeric protons H-1 (85,3 and 5,53) respec-
tively. For the iridoid part the COSY spectrum
showed a signal at 83,15 (H-5) which has correla-
tion with multiplet at 61,7 and 2,3 for the methy-
lene group at H-6 and in the same way for secoiri-
doid at 62,9 (H-5) and 02,04 and 1,6 for the
methylene group (H-6). At 01,08 there is a
douplet which corresponded to the methyl group
at position-10 of the iridoid and coupled with the
H-8 at 02,09. The signals for the two glucosides
are almost together and it is not possible to give
the exact signal for each position.

Loganin (1) ([¢]*°b = -83.4°, MeOH, c 1.3)
(Kawai et al., 1988), loganic acid (2) ([a] *°p =
—87.5°, MeOH, c 0.6) (Tomita and Mouri, 1996),
cantleyoside (3) ([a] 2°p = -90.2°, MeOH, ¢ 0.5)
(Jensen et al., 1979), secologanin (4) ([a] Zp =
-101.2°, MeOH, c 0.9) (Souzu and Mitsuhashi,
1970), and secologanin-dimethyl-acetal (5) ([a]
20, = —103.5°, MeOH, c 1.0) (Tomita and Mouri,
1996) were identified by comparison of their
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Fig. 1. The isolated iridoids from Pterocephalus perennis.

spectral data (ES-MS, 'H-, 13C-NMR, and DEPT)
with those published in the literature, as well as of
their acetyl derivatives (7-11), respectively. Iri-
doids (1-3) characterize the family Dipsacaceae
and could be used as a chemotaxonomic marker
of the family (Perdetzoglou, 1994). Iridoids 4-6
are reported for the first time in the family. Seco-
loganin-dimethyl-acetal and loniceroside have
been previously isolated only from Caprifoliaceae
family (Kawai et al., 1988; Jensen et al., 1979).

(4) Secologanin

Results and Discussion

Cantleyoside-dimethyl-acetal (6) has been iso-
lated for the first time in the family as well as in
the ordo Dipsacales. It has been reported once be-
fore, from the plant Scaeveola montana (Skalt-
sounis et al., 1989) from the tropical Goodinaceae
family, but it has not been assigned as a new natu-
ral product, so the search in literature data does
not give any information for this molecule as a
new natural product (Dictionary of Natural Com-
pounds, 2000; Beilstein Informationsysteme
GmbH 2001, Frankfurt). Besides, it has been de-
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termined only by 'H-NMR, so the structures of
cantleyoside-dimethyl-acetal (6), as well as its ace-
tylated derivative (12), were determined, by all
spectroscopic means for the first time.

The compounds mentioned above, as well as
their acetylated derivatives have been tested for
their antimicrobial activities against two Gram-
positive bacteria, Staphylococcus aureus and S.
epidermidis, four Gram-negative bacteria Escher-
ichia coli, Enterobacter cloacae, Klebsiella pneu-
moniae, Pseudomonas aeruginosa and three pa-
thogenic fungi by the disc diffusion method
(Chinou et al., 1994; Cruickshank et al., 1975).

The antibacterial studies showed that the crude
extract of the plant exhibited an interesting anti-
microbial profile as well as the constituents 1 and
6 which appeared as the most active against all
tested bacteria and fungi (Table I). Both showed
activities comparable with those of the crude ex-
tract. All the other compounds exhibited a weak
activity only against the Gram (+) bacteria S.
aureus and S. epidermidis while compound 3 had
an interesting antibacterial profile, expressing ac-
tivity against Gram negative bacteria. The total
antimicrobial profile of the plant is in accordance
with its external use as an antiseptic in traditional
Greek medicine (Perdetzoglou et al., 1993).

Experimental
General experimental procedures

Optical rotations were measured with a Perkin-
Elmer 341 polarimeter. 'H-NMR (400 MHz,
CDCl; or CD;0D) and *C-NMR (50 MHz,
CDCl; or CD;OD) were recorded on Bruker
DRX400 and a Bruker AC200 spectrometer,
respectively. TMS was used as an internal stan-
dard. COSY, HMQC and HMBC were performed
using standard Bruker microprograms. ES-MS
were recorded with a Finnigan MAT triple qua-
druple apparatus. Column chromatography was
carried out using silica gel 60H (Merck, 0.015-
0.040 mm), with an applied pressure of 300 mbar.
MPLC was performed with a Biichi model 688 ap-
paratus on columns containing Si gel RP-18
(Merck, 0.015-0.040 mm). TLC analyses were car-
ried out using glass pre-coated silica gel 60 Fssy
and RP-18 F,s, sheets (Merck).

Plant material

The aerial parts of P. perennis subsp. perennis
were collected in November 1997, from Mount
Parnitha, in Athens. The plant was identified by
Dr. D. Perdetzoglou and a voucher specimen was
deposited at the Herbarium of the Laboratory of
Pharmacognosy, Department of Pharmacy, Uni-
versity of Athens (ATPH 307).

Table I. Results of the antimicrobial activity (zones of inhibition in mm) of the tested compounds by disk diffu-

sion method.

Tested bacteria Studied
fungi cpds- Extr 1 2 3 4 5§ 6 7 8 9 10 11 12 AMC NET AB
extract
S.aureus 12 12 Nt 12 10 10 11 9 11 10 10 11 8 21 22 Nt
S.epidermidis 1 10 Nt 11 12 10 12 8 10 9 11 9 8 21 24 NT
P.aeruginosa 9 9 Nt 10 - - 10 - - - - - - 25 20 Nt
K.pneumoniae 9 9 Nt 9 - - 10 - - - - - - 22 23 Nt
E.cloacae - 9 Nt 9 - - 8 - - - - - - 23 25 Nt
E.coli 0 10 Nt 8 - - 10 - - - - - - 24 22 Nt
Candida albicans 10 9 Nt - - - 9 - - - - - - Nt Nt 23
Candida tropicalis 11 9 Nt - - - 10 - - - - - - Nt Nt 24
Candida glabrate 2 11 N4 - - - 10 - - - - - — Nt Nt 25

2 The tested extract was assayed at a concentration

of 100 mg/ml, while the pure compounds were assayed at

concentrations of 0.1 mg/ml each, on 6 mm discs. The results were reported as the diameter of the zone of inhibition
around each disk (in mm) of the tested compounds on the surface of the Petri dishes where the tested microorga-
nisms were cultured. The evaluation of inhibition corresponds ab < 7 mm (-), 7-10 mm (+), 11-16 mm (++), > 16

mm (+++).

Amoxicillin with clavulanic acid (AMC), netilmicin (NET), amphotericin (AB) at concentration of 0.02 mg/ml.

Nt: Not tested.
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Extraction and isolation

The plant material (1.6kg) was extracted with
MeOH at room temperature (3 x 3 liters). After
concentration of the combined extracts under re-
duced pressure, the residue (50 g) was chromato-
graphed over a Silica gel 60H column and eluted
with CH,Cl,-MeOH (100:0 — 0:100) to give four-
teen fractions (1.5-21 each). Fraction 8 (1.5 g),
eluted with CH,Cl,-MeOH 80:20 (v/v 1.51), was
re-chromatographed over silica gel 60H column
eluted with CH,Cl,-MeOH (90:10 — 80:20,
250 ml) to give compounds 5 (143 mg) and 4
(40.8 mg). Fraction 9 (2.4 g), eluted with CH,Cl,-
MeOH 75:25 (21), was purified over a silica gel
60H eluted with CH,Cl,-MeOH 80:20 (350 ml),
and gave the compound 1 (19 mg). Fraction 10
(735 mg), eluted with CH,Cl,-MeOH 60:40 (1.5 1),
was re-chromatographed over a silica gel RP-18
eluted with H,O-MeOH (80:20 — 50:50), to give
the compounds 3 (50 mg) and 6 (42.6 mg). Frac-
tion 13 (650 mg), eluted with CH,Cl,-MeOH 50:50
(v/iv 1.51), was purified over a silica gel RP-18
eluted with H,O (350 ml) and gave the compound
2 (30 mg).

Acetylation of compounds 1 (9 mg), 2 (10 mg), 3
(10 mg), 4 (8 mg), 5 (12mg), and 6 (7 mg) with
acetic anhydride (0.5 ml) and pyridine (0.5 ml)
gave the compounds 7 (8.3 mg, 92%), 8 (9.4 mg,
94%), 9 (9.0mg, 90%), 10 (7.7 mg, 96%), 11
(11.2 mg, 93%), and 12 (6.4 mg, 92%), respec-
tively.

Spectroscopic data

Cantleyoside-dimethyl-acetal (6): [o]*°p: —110.0°
(¢ 035, MeOH); "H-NMR (MeOD, 400MHz): & =
7.46 (1H, s, H-3'), 7.44 (1H, s, H-3), 5.76 (1H, m,
H-8'), 5.53 (1H, d, J = 5.4 Hz, H-1"), 535-528
(3H, m, H-1/ H-10a / H-10b), 5.22 (1H, t , J = 3.7
Hz, H-7), 471 (1H, d, J = 7.8 Hz, H-1"), 470 (1H,
d,J=7.9HzH-1"),4.54 (1H, dd, J = 5.0 Hz/7.0Hz,
H-7'), 3.90 (2H, d, J = 11.6 Hz, H-6a’’ / H-6a""),
3.72 (3H, s, CH;0-11), 3.65 (2H, m, H-6b” / H-
6b""), 3.40-3.18 (14H, m, H-2" / H-2" / H-3" / H-
3" [ H-4" /| H-4" | H-5" /| H-5" ] 2 x OMe-7"), 3.15
(1H, m, H-5), 2.93 (1H, m, H-5"), 2.70 (1H, m, H-
9'), 2.32 (1H, m, H-6a), 2.15-2.05 (3H, m, H-8 /
H-9 / H-6a’), 1.78 (1H, m, H-6b), 1.65 (1H, m, H-
6b"), 1.09 (3H, d, J = 62 Hz, H-10); 3C-NMR
(MeOD, 50MHz): & = 170.3 (C-11), 169.2 (C-11"),

154.2 (C-3"), 153.4 (C-3"), 136.7 (C-8'), 120.7 (C-
10%), 114.2 (C-4), 112.9 (C-4"), 105.7 (C-7"), 101.1
(C-1" / C-17), 98.7 (C-1"), 98.3 (C-1), 79.3 (C-7 /
C-5"/C-5"),78.9 (C-3"/ C-3"), 75.5 (C-2" | C-2™),
72.5 (C-4"/ C-4"), 63.6 (C-6" / C-6"), 54.5 (CH50-
7", 53.6 (CH;0-7"), 52.6 (CH50-11), 47.9 (C-9),
46.3 (C-9'), 41.9 (C-8), 41.2 (C-6), 34.1 (C-6"), 33.4
(C-5), 304 (C-5'), 147 (C-10), ES-MS m/z :
[M+H*] = 793.

Compound 12: [0]*’p: —101.0° (¢ 0.36, CHClL;);
'H-NMR (CDCls, 400MHz): & = 7.30 (1H, s, H-3),
727 (1H, s, H-3'), 5.58 (1H, m, H-8), 5.30-5.15
(7H, m, H-1' / H-1 / H-7 / H-10a / H-10b / H-3" /
H-3"), 5.11-5.08 (2H, m, H-4" / H-4"), 5.02—4.94
(2H, m, H-2" / H-2"), 487 (1H, d, J = 8.3 Hz, H-
1), 4.85 (1H, d, J = 8.3 Hz,H-1"), 447 (1H, dd,
J = 6.0 Hz/4.6 Hz, H-7"), 4.28 (2H, m, H-6b" / H-
6b™), 412 (2H, d, J = 12 Hz, H-6a" / H-6a'"), 3.71
(2H, m, H-5" / H-5"), 3.67 (3H, s, CH;0-11), 3.27
(2 x OMe-7"), 2.98 (1H, m, H-5), 2.76 (1H, m, H-
5), 2.69 (1H, m, H-9'), 2.22-1.80 (4H, m, H-6a /
H-6a’ / H-8 / H-9), 1.82 (1H, m, H-6b), 1.53 (1H,
m, H-6b"), 1.01 3H, d, J = 6.6 Hz, H-10); 13C-
NMR (CDCls, S0MHz): & = 169.3 (C-11), 169.0
(C-11"), 1503 (C-3"), 148.9 (C-3'), 1332 (C-8"),
1202 (C-107), 113.6 (C-4), 111.4 (C-4"), 102.0 (C-
7", 96.1 (C-1'), 95.8 (C-1"/ C-1"), 94.4 (C-1),77.2
(C-7), 72.4 (C-3" | C-3"), 72.1 (C-5" / C-5"), 70.5
(C-2" / C-2™), 68.1 (C-4" | C-4"), 61.6 (C-6" | C-6"
), 53.1 (2 X CH;50-7"), 51.3 (CH50-11), 45.5 (C-
9), 43.3 (C-9'), 38.9 (C-8), 38.7 (C-6), 31.1 (C-6"),
29.6 (C-5), 26.9 (C-5'), 12.5 (C-10). ES-MS m/z :
[M+H*] = 1129.

Antimicrobial assay

Compounds 1-12 and the crude extract
(MeOH) of the plant were tested by the disk diffu-
sion method (Chinou et al., 1994; Cruickshank et
al., 1975) against the Gram-positive bacteria:
Staphylococcus aureus (ATCC 25923) and Staphy-
lococcus epidermidis (ATCC 12228), the Gram
negative: Pseudomonas aeruginosa (ATCC 27853),
Escherichia coli (ATCC 25922), Enterobacter cloa-
cae (ATCC 13047), Klebsiella pneumoniae (ATCC
13883), as well as against three pathogenic fungi,
Candida albicans (ATCC 10231), C. tropicalis
(ATCC 13801) and C. glabrata (ATCC 28838). All
the tested microorganisms were standard strains
from ATCC (American Type Culture Collection).
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Standard antibiotics netilmicin and amoxicillin
with clavulanic acid (Sanofi, Diagnostics Pasteur,
Marnes la Coquette-France) were used in order to
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