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The antimicrobial activity of fifteen semisynthetic labdane-type diterpenes derived from 
the two major natural compounds 3 and 4 of the resin “ladano” of Cistus creticus is reported.
The chloroethyl carbamidic esters 15 and 20 showed the strongest antimicrobial activity 
against Gram (+), Gram ( - )  bacteria and pathogenic fungi.

Introduction
Cistus creticus subsp. creticus L (Warburg, 1968) 

is a native shrub of the Mediterranean region. Its 
leaves are covered with glands secreting a brown­
ish resin, which consists mainly of diterpenoids. 
Since antiquity the common greek name is “la­
dano”. The chemical composition of the plant as 
well as of the resin has been the object of a few 
publications in our laboratory (Kalpoutzakis et a l,  
1998; Demetzos et a l, 1989; Demetzos et a l , 1990; 
Demetzos et a l, 1994; Chinou et a l , 1994). On the 
other hand the antibacterial activity of labdane- 
type diterpenoids is well documented and diter­
penes from Cistus creticus have been proved to 
possess interesting antibacterial properties (Kal­
poutzakis et a l, 1998;. Chinou et a l , 1994).

As a part of our program concerning the discov­
ery of new antimicrobial agents of natural origin, 
the antimicrobial activity of ten natural and fifteen 
semisynthetic compounds derived from the resin 
“ladano“ of Cistus creticus is reported here. As 
starting material, for the synthetic compounds, 
13(£’)-labda-7,13-diene-15-ol (1), and 13(£)-labd- 
13-ene-8a,15-diol (2) have been used. These com­
pounds were found as natural products in the 
leaves of Cistus creticus (Demetzos et a l ,  1990) 
but also were obtained in quantitative yield by al­
kaline hydrolysis of the corresponding malonic es­
ters 3 and 4 respectively. It is noteworthy that 3 
and 4 are the major compounds of the resin “la­
dano” and constitute the 29% of the crude extract 
(Kalpoutzakis et al., 1998).

Results and Discussion
A total of ten 13(£')-labda-7,13-diene-15-ol, 

and of eleven 13(£')-labd-13-ene-8a,15-diol, deriv­
atives were isolated or prepared; the starting alco­
hol 1, 2, eight carboxylic esters, 3, 4, 5, 6, 7, 8, 9, 
10, eleven carbamidic esters, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20 and 21. Compounds 1, 2, 3, 4, 5 and 
8  are natural diterpenes isolated from the resin 
“Ladano“ and from the aerial parts of Cistus creti­
cus subsp. creticus. All the others, are new semi­
synthetic compounds derived from 1 and 2. All 
these components were identified by means of 
spectral data (CIMS, EIMS, ID  and 2D NMR). 
On the basis of these spectral data some previous 

and 13C assignments for the natural compounds 
1 (Demetzos et al., 1990), 2 (Calabuic et al., 1981; 
Forster et al., 1985), 5 (Demetzos et a l, 1990) and 
8 (Calabuic et al., 1981) have been revised. The 
carboxylic esters were synthesized by treatment of 
the alcohols, with the corresponding anhydrides or 
chlorides. The carbamidic derivatives were synthe­
sized by treatment of 1  and 2  with the correspond­
ing isocyanate derivatives in the presence of pyri­
dine (Antonini et al., 1988). It is interesting to 
point out that prolonged reaction time and heating 
of 2, yielded 15, 8  disubstituted compounds, such 
as 2 1 .

The antimicrobial activity of the tested com­
pounds 1-21  (Table I) was evaluated against two 
Gram positive bacteria: Staphylococcus aureus, 
Staphylococcus epidermidis, four Gram negative 
bacteria: Escherichia coli, Enterobacter cloacae,
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Klebsiella pneumoniae, Pseudomonas aeruginosa 
and three pathogenic fungi: Candida albicans, 
Candida tropicalis and Torulopsis glabrata. As far 
as structure-activity relationships are concerned, it 
is interesting to point out that i) while 13(£)- 
labda-7,13-diene-15-ol (1) was completely inactive, 
all the natural and semisynthetic derivatives (with 
one exception, the benzoic ester 6 ) presented a 
wide spectrum of activities, against both Gram (+) 
and Gram ( - )  bacteria ii) the 13(ZT)-labd-13-ene- 
8a,15-diol (2) showed interesting activity against 
S. aureus, K. pneumoniae and P. aeruginosa and 
from its semisynthetic derivatives the p-nitroben- 
zoic ester 10, and the carbamate esters 19 and 20 
exhibited a good spectrum of activity. It is also 
noteworthy that while the ^(ZrH abd-U -ene-S-a- 
ol-15-yl phenylcarbamate (16) is completely de­
void of antibacterial activity, the corresponding di- 
phenylcarbamate 21 exhibited a very interesting 
spectrum of activity iii) from all the semisynthetic 
compounds only the two chloroethyl carbamate 
derivatives 15 and 20 exhibited a good antimicro­
bial activity against the three pathogenic fungi iv)

from the natural compounds 13(£)-labd-13-ene- 
8a,15-diol (2) showed a specific activity against the 
two tested Candida species v) the less active class 
of derivatives was the benzoic esters, 6 and 9. The 
evaluation of the chloroethyl carbamate deriva­
tives against clinical-isolated resistant bacterial 
strains and the synthesis of new analogs are cur­
rently in progress in our laboratory

Experimental

General experimental procedures

Optical rotations were measured with a Perkin- 
Elmer 341 polarimeter. NMR spectra were re­
corded on a Bruker AC200 spectrometer and a 
Bruker DRX400. Chemical shifts are given in 6  

values with TMS as internal standard. The 2D ex­
periments (COSY, HMQC and HMBC) were per­
formed using standard Bruker microprograms. 
Mass spectra were recorded with a Nermag R 10- 
10C spectrometer using EIMS and CIMS (reagent 
gas, NH3) technique. Column chromatography was 
conducted using silica gel [Merck, 0.04-0.06 mm].



E. Kalpoutzakis et al. ■ Antimicrobial Labdane from Cistus creticus 51

Table I. Antimicrobial activity3  of compounds 1 - 2 1 .

Q
1

3
OO

3
o -S • 2

.a 
_ 5

=■0a
•S

O
a,

0
u

O
- 2

3
§■ Sis  s  co a

■s'i 

1  8 -

IS,<y
<4)

1 1

« 2  o 

?
■§ c 
*  §■

5 6<J6 O O .5
" 2  5b
§ 5o’ ^

■§ * 

- 2

53 cn 73 C 
-w «
C3  -O
U a

S-S 
■ 2  2  g-o
P"* ao

3 s
S« O
U i:

1

2 25
- -

28 2 0

-
18

-
2 0
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5 2 2 - - 26 2 2 - - - -
O
7
8

2 0 15 1 2 15 17 1 0 - - -

9
1 0 2 0 15 1 0 1 2 14 1 2

— - —

1 1 2 0 1 2 1 0 15 1 2 1 0 - - -

1 2 15 14 1 1 1 0 1 0 1 2 - - -

13 1 0 14 15 1 0 1 0 15 - - -

14 1 0 - - - - 1 0 - - -

15
16
17
18 
19

14 14 16 18 18 16 1 0 1 1 1 2

1 1 1 1 1 2 1 2 1 2 14
- - -

2 0 18 1 2 1 2 16 18 18 1 0 1 2 1 2

2 1 18 17 1 2 14 18 17 - - -

Netilmicin 26 2 0 30 24 2 2 2 0 - - -

Ceftriaxon 18 2 0 25 24 2 2 2 2 - - -

Ceftazidin 30 2 2 30 18 32 2 2 - - -

Amoxicillin 14 18 2 0 14 2 0 16 - - -

5-Flucytocine - - - - - - 30 34 33
Amphotericin B - - - - - - 2 0 25 2 0

Intraconazole - - - - - - 25 32 28

a The results were reported as the diameter of the zone of inhibition around each disk (in mm) and the evaluation 
of inhibition corresponds at < 7 mm (-), 7 -10  mm (+), 11-16 mm (++), > 16 mm (+++).

Analytical thin layer chromatography (TLC) was 
carried out on precoated (0.25 mm) Merck silica 
gel F-254 plates.

Plant material

The aerial parts as well as the resin “Ladano”, 
of Cistus creticus subsp. creticus, were collected in 
July 1996 on the island of Crete (Greece). A 
voucher specimen has been deposited in the her­
barium of the Laboratory of Pharmacognosy, Uni­
versity of Athens (KL057R ).

Extraction and isolation

The compounds 13(£)-labda-7,13-diene-15-yl 
malonic acid (3) (15%) and 13(ZT)-labd-13-ene,8a- 
ol-15-yl malonic acid (4) (12%) were isolated from

the resin “Ladano” (Kalpoutzakis et al., 1998). The 
compounds 13(£’)-labda-7,13-diene-15-ol (1), 
13(£)-labd-13-ene-8a,15-diol (2), 13(£)-labda- 
7,13-diene-15-yl acetate (5) and 13(Zs)-labd-13- 
ene-8a-ol-15-yl acetate (8 ) were isolated from the 
aerial parts of Cistus creticus (Demetzos et al., 
1990; Chinou et a l, 1994). Compounds 1 and 2 
were also obtained in quantitative yield by alka­
line hydrolysis of 3 and 4 respectively (Kalpout­
zakis et a l ,  1998).

Antimicrobial activity

The antimicrobial activity of the tested com­
pounds was determined by the standardized disk 
diffusion method of Bauer et al. (1966) as has been 
described in details previously (Kalpoutzakis et a l,
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1998). Laboratory standard ATCC strains (Staph­
ylococcus aureus # 25923, Staphylococcus epider- 
midis # 12228, Escherichia coli # 25922, Entero­
bacter cloacae # 13047, Klebsiella pneumoniae # 
13883, Pseudomonas aeruginosa # 227853, Can­
dida albicans, Candida tropicalis and Torulopsis 
glabrata) were used as testing bacteria. Netilmicin, 
ceftriaxon, ceftazidin, amoxicillin, 5-flucytocine, 
amphotericin B and intraconazole were used as 
standard antibiotics for comparison for the tested 
bacteria as well as for the tested fungi. The results 
were reported as the diameter of the zone of inhi­
bition around each disk (in mm) and the evalua­
tion of inhibition corresponds at < 7 mm ( - ) ,  7 -  
1 0  mm (+), 11-16 mm (++), > 16 mm (+++)•

Preparation o f  semisynthetic Derivatives; 
spectroscopic Data

General method (A) for the preparation o f  car- 
boxy lie ester by the treatment o f  the anhydride with 
the alcohols. Alcohol was dissolved in dry pyridine 
(2 . 0  ml), anhydride was added and the mixture 
was stirred under Ar atmosphere. The pyridine
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tumor activity of some benzimidazole-4,7-dione 
derivatives. J. Med. Chem. 31, 260-264.
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dane-type diterpenes from the aerial parts of Cistus 
creticus subsp. creticus. Planta Med. 60, 34-36.
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(1989), Heterosides polyphenoliques des feuilles de 
Cistus creticus L. Ann. Pharm. Fr. 47, 314-318.
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and other compounds from the leaves of Cistus inca- 
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was removed under reduced pressure and the resi­
due was dissolved in CH 2 C12. The solution was 
washed with saturated aqueous solution N aH C 0 3  

and the organic solvent was removed under re­
duced pressure. Carboxylic ester was isolated by 
column chromatography on silica gel.

General method (B) for the preparation o f  car­
boxylic ester by the treatment o f  the chloride with 
the alcohols. Alcohol was dissolved in dry pyridine 
(2 . 0  ml), chloride was added and the mixture was 
stirred under Ar atmosphere. The pyridine was re­
moved under reduced pressure and the residue 
was chromatographed on silica gel.

General method (C) for the preparation o f  car­
bamate derivatives by the treatment o f  the corre­
sponding isocyanate reagents with the alcohols. Al­
cohol was dissolved in dry pyridine (2 . 0  ml), 
isocyanate derivative was added and the mixture 
was stirred under Ar atmosphere. The pyridine 
was removed under reduced pressure and the resi­
due was chromatographed on silica gel.

Spectral data (NMR, MS) of compounds 1-21  
are available to interested readers on request from 
the authors.
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