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The aerial parts of Cistus monspeliensis yielded 11 cis-clerodane type diterpenes. Five of these, 3, 4, 8,
9, and 10, are new compounds. Their structures have been elucidated on the basis of their spectral data
(FABMS, 1D and 2D NMR).

The genus Cistus comprises seven taxa in Greece. Among
them, Cistus monspeliensis L. (Cistaceae) is a compact
aromatic bush up to 1 m, erect and viscid. It is distin-
guished by its linear to linear-lanceolate, three-veined
sticky aromatic, stalkless leaves and by its white, small,
in rather one-side cluster flowers.2,3 Although C. monspe-
liensis is one of the most common Cistus species in the
Mediterranean area, there is only one phytochemical study
where the presence of some clerodane type diterpenes was
reported.4 However in this 30-year-old publication, the
relative stereochemistry of the asymmetric carbon atoms
was not determined. As part of a research program toward
the phytochemical study of the Cretan flora,1 the aerial
parts of C. monspeliensis were investigated. The present
note reports the structural determination of five new cis-
clerodane diterpenes (compounds 3, 4, 8, 9, and 10). The
establishment of the relative stereochemistry in C-5, C-8,
C-9, and C-10 and the 1H and 13C NMR spectroscopic
assignment of four clerodane diterpenes (compounds 1, 2,
5, and 6) previously isolated from this plant are also
reported. Finally, the isolation of epi-populifolic acid5 (11)
for first time from this plant is also reported.

A lipophilic extract of the aerial parts of C. monspeliensis
was chromatographed on a silica gel column using a

cyclohexane-CH2Cl2-MeOH gradient. Further chroma-
tography of the main fractions yielded the new compounds
3, 4, 8, 9, and 10 as well as the previously reported 15,-
18-dihydroxy-cis-clerodan-3-ene or cistadiol4,6 (1), 15-hy-
droxy-18-acetoxy-cis-clerodane-3-ene4 (2), 18-hydroxy-cis-
clerodan-3-ene-15-oic acid4 (5), 15-hydroxy-cis-clerodan-3-
ene-18-oic acid4 (6), 18-acetoxy-cis-clerodan-3-ene-15-oic
acid4,7 (7), and cis-clerodan-3-ene-15-oic acid or epi-popu-
lifolic acid5 (11).

Compound 3 was obtained as a colorless gum. Its
molecular formula was deduced to be C24H40O4 on the basis
of the pseudomolecular ion at m/z 391 [M - H]- in the
HRFABMS. From the 1H and 13C NMR spectral data,
which were assigned by COSY, HMQC, and DEPT 135
experiments (Tables 1 and 3, respectively) it was obvious
that 3 corresponded to a clerodane type diterpene possess-
ing two oxymethyl groups, two acetyl groups, one trisub-
stitued double bond, two tertiary methyl groups, and two
secondary methyl groups. The NMR spectral data were
similar to those of 15,18-diacetoxy-trans-clerodan-3-ene8

with the exception of the chemical shift of C-19, which for
compound 3 showed a 13.3 ppm downfield shift indicating
that 3 should be the cis-isomer.9-11 The AB ring cis fusion
was also confirmed by NOESY data, where a clear cross-
peak between H-19 (methyl group) (δ 1.06) and H-10 (δ
1.32) was observed. Moreover, the lack of NOE between
the two methyl groups at C-9 (δ 0.72) and C-8 (δ 0.71) and
H-10 indicated the trans relationships between the two
methyl groups at C-9 and C-8 and H-10, respectively. Thus,
compound 3 was identified as 15,18-diacetoxy-cis-clerodan-
3-ene.

Compound 4 was obtained as a colorless gum. Its
molecular formula was deduced to be C22H38O3 on the basis
of the pseudomolecular ion at m/z 349 [M - H]- in the
HRFABMS. The 1H and13C NMR spectra (Tables 1 and 3,
respectively) were similar to those of 3, except that 4 had
only one acetyl group. Moreover, the oxymethyl group at
C-4 of 4, in the 1H NMR spectrum, appeared at higher field
compared with those of 3. These findings indicated that
compound 4 should be the C-18 deacetylated derivative of
3. The relative stereochemistry at C-5, C-8, C-9, and C-10
was confirmed, as for compound 3, by NOESY experiments.
Therefore, the structure of compound 4 was established as
15-acetoxy-18-hydroxy-cis-clerodan-3-ene.

Compound 8 was obtained as a colorless gum. Its
molecular formula was deduced to be C22H36O4 on the basis
of the pseudomolecular ion at m/z 363 [M - H]- in the
HRFABMS. The 1H and13C NMR spectra (Tables 2 and 3,
respectively) indicated the presence of a cis-clerodan-3-ene
system, an acetylated oxymethyl group, and a carboxylic
group. The attachment of the carboxyl group at C-4 and
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the acetoxymethyl group at C-14 was deduced from the
HMBC spectrum, where the 3JCH strong cross-peak be-
tween the C-18 carboxyl group (δ 173.2) and H-3 (δ 6.78)
and the 2JCH cross-peak between the C-15 oxymethyl group
(δ 63.1) and H-13 (δ 1.42) signals were observed. Therefore,
compound 8 was 5-acetoxy-cis-clerodan-3-ene-18-oic acid.

Compounds 9 and 10 were both obtained as gums. Their
molecular formulas were determined by HRFABMS as
C22H36O3 and C20H34O2, respectively. The 1H and 13C NMR
spectra (Tables 2 and 3, respectively) were similar to those
of compounds 8 and 6, respectively, except that in 9 and
10 the C-4 carboxyl group was replaced by an aldehydic
function. For both compounds, the C-4 aldehyde group (δ
194.2 and 194.4) was deduced from its long-range C-H
correlation with the H-3 olefinic proton (δ 6.68 and 6.69,

respectively) in the HMBC spectra. Therefore, the struc-
tures were established to be 15-acetoxy-cis-clerodan-3-ene-
18-al (9) and 15-hydroxy-cis-clerodan-3-ene-18-al (10),
respectively. It is noteworthy that there are few
examples9,12-14 of a clerodan-3-ene with an aldehydic
function at C-4, due to the high instability of these
compounds and their rapid oxidation to the corresponding
carboxylic analogues.

Experimental Section

General Experimental Procedures. Optical rotations
were measured on a Perkin-Elmer 341 polarimeter. 1H NMR
(400 MHz) and 13C NMR (50 MHz) data were recorded on a
Bruker DRX400 spectrometer and a Bruker AC200 spectrom-
eter, respectively (using TMS as an internal standard). COSY,

Table 1. 1H NMR Data (δ) of Compounds 2-5 (400 MHz, CDCl3)

position 2 3 4 5

1a 1.96 (1H, m) 1.98 (1H, m) 1.93 (1H, m) 1.96 (1H, m)
1b 1.78 (1H, dd, 14.8/8.7) 1.76 (1H, dd, 14.7/8.5) 1.77 (1H, dd, 14.5/8.5) 1.81 (1H, dd, 14.4/8.4)
2a 2.13a 2.20 (1H, m) 2.13a 2.19 (1H, m)
2b 2.11a 2.04a 2.11a 2.06 (1H, m)
3 5.65 (1H, brs) 5.64 (1H, brs) 5.58 (1H, brs) 5.59 (1H, brs)
6a 1.92 (1H, brd, 13.7) 1.92 (1H, brd, 13.4) 2.04 (1H, brd, 13.7) 2.01 (1H, brd, 13.6)
6b 1.13a 1.14a 1.13a 1.15a

7a 1.20a 1.23a 1.22a 1.26a

7b 1.20a 1.23a 1.22a 1.26a

8 1.39a 1.41a 1.38a 1.42a

10 1.34a 1.32 (1H, d, 6.2) 1.33 (1H, d, 6.4) 1.36a

11a 1.38a 1.38a 1.38a 1.39a

11b 1.15a 1.16a 1.19a 1.23a

12a 1.17a 1.12a 1.15a 1.21a

12b 1.00 (1H, m) 0.99 (1H, m) 1.00 (1H, m) 1.15a

13 1.43 (1H, m) 1.38a 1.40a 1.79 (1H, m)a

14a 1.62 (1H, m) 1.66 (1H, m) 1.64 (1H, m) 2.37 (1H, dd, 14.6/5.8)
14b 1.35a 1.39a 1.32a 2.11 (1H, dd, 14.6/8.2)
15 3.66 (2H, m) 4.07 (2H, m) 4.08a

16 0.89 (3H, d, 6.4) 0.88 (3H, d, 6.3) 0.89 (3H, d, 6.4) 0.97 (3H, d, 6.4)
17 0.73 (3H, s) 0.72 (3H, s) 0.72 (3H, s) 0.73 (3H, s)
18a 4.58 (1H, d, 14.0) 4.57 (1H, d, 13.7) 4.20 (1H, d, 13.5) 4.20 (1H, d, 13.2)
18b 4.53 (1H, d, 14.0) 4.52 (1H, d, 13.7) 4.08a 4.08 (1H, d, 13.2)
19 1.07 (3H, s) 1.06 (3H, s) 1.07 (3H, s) 1.08 (3H, s)
20 0.72 (3H, d, 6.4) 0.71 (3H, d, 6.4) 0.70 (3H, d, 6.4) 0.71 (3H, d, 6.4)
CH3CO 2.04 (3H, s) 2.03 (3H, s) 2.04 (3H, s)
CH3CO 2.01 (3H, s)

a Assignment determined by HMQC and COSY experiments. Multiplicity not determined (signal overlap).

Table 2. 1H NMR Data (δ) of Compounds 6 and 8-10 (400 MHz, CDCl3)

position 6 8 9 10

1a 1.95 (1H, m) 1.97 (1H, m) 1.95 (1H, m) 1.94 (1H, m)
1b 1.82 (1H, dd, 14.5/8.7) 1.80 (1H, dd, 14.8/8.8) 1.83 (1H, dd, 15.0/9.0) 1.84 (1H, dd, 15.0/9.0)
2a 2.32 (1H, m) 2.32 (1H, m) 2.52 (1H, m) 2.52 (1H, m)
2b 2.18 (1H, m) 2.20 (1H, m) 2.36 (1H, m) 2.36 (1H, m)
3 6.76 (1H, brt, 3.6) 6.78 (1H, brt, 3.7) 6.68 (1H, brt, 3.7) 6.69 (1H, brt, 3.5)
6a 2.66 (1H, dd, 12.7/4.1) 2.68 (1H, dd, 12.7/4.1) 3.07 (1H, dd, 11.9/4.3) 3.07 (1H, dd, 12.4/4.6)
6b 1.09a 1.09a 1.08a 1.07a

7a 1.25a 1.22a 1.23a 1.23a

7b 1.25a 1.22a 1.23a 1.23a

8 1.40a 1.43a 1.43a 1.45a

10 1.40a 1.40a 1.39a 1.35 a

11a 1.42a 1.41a 1.38a 1.42a

11b 1.21a 1.19a 1.19a 1.21a

12a 1.20a 1.20a 1.18a 1.23a

12b 1.07a 1.07a 1.03 (1H, m) 1.07a

13 1.38a 1.42a 1.39a 1.44a

14a 1.63 (1H, m) 1.67 (1H, m) 1.67 (1H, m) 1.62 (1H, m)
14b 1.40a 1.40a 1.38a 1.40a

15 3.67 (2H, m) 4.08 (2H, m) 4.09 (2H, m) 3.67 (2H, m)
16 0.89 (3H, d, 6.2) 0.90 (3H, d, 6.2) 0.89 (3H, d, 6.4) 0.89 (3H, d, 6.4)
17 0.73 (3H, s) 0.74 (3H, s) 0.67 (3H, s) 0.67 (3H, s)
18a 9.38 (1H, s) 9.38 (1H, s)
18b
19 1.19 (3H, s) 1.20 (3H, s) 1.09 (3H, s) 1.10 (3H, s)
20 0.71 (3H, d, 6.6) 0.72 (3H, d, 6.6) 0.71 (3H, d, 6.4) 0.70 (3H, d, 6.5)
CH3CO 2.03 (3H, s) 2.04 (3H, s)
CH3CO

a Assignment determined by HMQC and COSY experiments. Multiplicity not determined (signal overlap).
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HMQC, HMBC, and NOESY (mixing time 950 ms) NMR data
were obtained using standard Bruker microprograms. FABMS
and HRFABMS were recorded using ZAB HF and AEI MS-
902 spectrometers, in a glycerol matrix in negative-ion mode.
Column chromatography was carried out using silica gel 60
(Merck, 0.015-0.040 mm) with an applied pressure of 300
mbar. TLC was carried out on glass precoated silica gel 60
F254 plates (Merck).

Plant Material. The aerial parts of Cistus monspeliensis
collected in June 1999, near the villages Sisi and Milato in E.
Crete, Greece, were identified by one of us (E.K.). A voucher
specimen has been deposited at the Herbarium of the Univer-
sity of Athens, Departement of Pharmacognosy (KL060).

Extraction and Isolation. Air-dried, powdered plant
material (2.3 kg) was extracted with CH2Cl2 (6 L × 3) and then
MeOH (6 L × 3). The CH2Cl2-soluble extract was concentrated
under reduced pressure to give a residue (210 g). A part of
this extract (42 g) was chromatographed over a silica gel 60H
column and eluted with cyclohexane-CH2CI2 (100:0 f 0:100)
and CH2Cl2-MeOH (100:0 f 0:100) (0.5-3.5 L) to give 24
fractions. The seventh of these fractions (0.56 g), eluted with
CH2Cl2, was rechromatographed over a flash silica gel column
using a cyclohexane-AcOEt gradient (97:3 f 85:15) to afford
compounds 3 (95 mg), 9 (20 mg), and 8 (22 mg). Fraction 8
(1.3 g), eluted with CH2Cl2, was chromatographed over a flash
silica gel column and eluted with cyclohexane-AcOEt (98:2
f 50:50) to give compounds 11 (24 mg), 2 (18 mg), and 4 (25
mg). Fraction 11 (1.4 g), eluted with CH2Cl2-MeOH (98:2),
was chromatographed over a flash silica gel column and eluted
with a cyclohexane-AcOEt gradient (95:5 f 85:15) to give
compounds 10 (25 mg) and 7 (164 mg). Finally, the 13th
fraction (1.05 g), eluted with CH2Cl2-MeOH (97:3), was
rechromatographed over silica gel and eluted with CH2Cl2-
MeOH (99.5:0.5 f 98:2) to afford compounds 1 (123 mg), 5
(22 mg), and 6 (18 mg).

All compounds were identified by means of spectral data
(1H NMR, 13C NMR, DEPT 135, and HRFABMS). The relative
stereochemistry of these compounds and the complete assign-
ment of protons and carbons were established using 2D 1H-
1H COSY, 2D 1H-1H NOESY, HMQC, and HMBC NMR
spectroscopy.

15,18-Dihydroxy-cis-clerodan-3-ene, or Cistadiol (1):
colorless gum; [R]20

D +34° (c 0.9, CHCl3); HRFABMS m/z [M
- H]- 307.2719 (calcd 349.2715 for C20H35O2).

18-Acetoxy-3-ene-cis-clerodan-15-ol (2): colorless gum;
[R]20

D +24° (c 0.6, CHCl3); 1H NMR data, see Table 1; 13C NMR
data, see Table 3; HRFABMS m/z [M - H]- 349.2818 (calcd
349.2821 for C22H37O3).

15,18-Diacetoxy-3-ene-cis-clerodane (3): colorless gum;
[R]20

D +32° (c 0.4, CHCl3); 1H NMR data, see Table 1; 13C NMR
data, see Table 3; HRFABMS m/z [M - H]- 391.2923 (calcd
391.2926 for C24H39O4).

15-Acetoxy-3-ene-cis-clerodan-18-ol (4): colorless gum;
[R]20

D +37° (c 0.4, CHCl3); 1H NMR data, see Table 1; 13C NMR
data, see Table 3; HRFABMS m/z [M - H]- 349.2819 (calcd
349.2821 for C22H37O3).

18-Hydroxy-cis-clerodan-3-ene-15-oic acid (5): colorless
gum; [R]20

D +11° (c 0.3, CHCl3); 1H NMR data, see Table 1;
13C NMR data, see Table 3; HRFABMS m/z [M - H]- 321.2505
(calcd 321.2508 for C20H33O3).

15-Hydroxy-cis-clerodan-3-ene-18-oic acid (6): colorless
gum; [R]20

D +41° (c 0.2, CHCl3); 1H NMR data, see Table 2;
13C NMR data, see Table 3; HRFABMS m/z [M - H]- 321.2506
(calcd 321.2508 for C20H33O3).

18-Acetoxy-cis-clerodan-3-ene-15-oic acid (7): colorless
gum; [R]20

D +18° (c 0.7, CHCl3); HRFABMS m/z [M - H]-

363.2610 (calcd 363.2613 for C22H35O4).
15-Acetoxy-cis-clerodan-3-ene-18-oic acid (8): colorless

gum; [R]20
D +41° (c 0.4, CHCl3); 1H NMR data, see Table 2;

13C NMR data, see Table 3; HRFABMS m/z [M - H]- 363.2611
(calcd 363.2613 for C22H35O4).

15-Acetoxy-cis-clerodan-3-ene-18-al (9): colorless gum;
[R]20

D +7° (c 0.2, CHCl3); 1H NMR data, see Table 2; 13C NMR
data, see Table 3; HRFABMS m/z [M - H]- 347.2662, calcd
347.2664 for C22H35O3.

15-Hydroxy-cis-clerodan-3-ene-18-al (10): colorless gum;
[R]20

D +20° (c 0.2, CHCl3); 1H NMR data, see Table 2; 13C NMR
data, see Table 3; HRFABMS m/z [M - H]- 305.2557 (calcd
305.2559 for C20H33O2).

cis-Clerodan-3-ene-15-oic acid or epi-populifolic acid
(11): colorless gum; [R]20

D +11° (c 0.3, CHCl3); HRFABMS m/z
[M - H]- 305.2556 (calcd 305.2559 for C20H33O2).
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