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Abstract-A new triterpenoid, calaminthadiol, 3,4-seco-4(23),12-ursadien-3,28-diol, was isolated from the leaves of 
Satureia calumintha and Satureia graeca. Its structure was elucidated by spectroscopic methods and partial synthesis. 
The natural occurrence of this compound can be conclusive for the chemotaxonomic characterization of the genus 
because of the rarity of the 3,4-fission in the GL- and p-amyrin skeletons. A biogenetic mechanism for its formation is 
proposed. Sitosterol, stigmasterol and campesterol were also isolated. 

INTRODUCTION 

Satureia calamintha and Satureia graeca (Labiatae) are 
quite common herbaceous perennial plants, widely dis- 
tributed in the Mediterranean area. In Sicily, S. calamin- 
thn is largely used in folk medicine as a disinfectant and 
cauterizing agent. As part of our program of a chemo- 
systematic investigation of the genus Satureia, we have 
undertaken the study of triterpenoids of ths two species. 

In previous work [l, 21, we have investigated the acid 
extracts of S. calamintha and we have reported the isola- 
tion of the rarely occurring 3-epiursolic acid, which was 
characterized, on the basis of its ‘H NMR parameters, 
together with several derivatives [3]. The investigation, 
now extended to S. graeca, has led to the detection from 
acid fractions of the same products (see Experimental). 

We report here the structure elucidation of a new 
triterpenoid isolated by repeated chromatography of 
neutral extracts of both S. calamintha and S. graeca aerial 
parts. It was identified as 3,4-seco-4(23),12-ursadien-3,28- 
diol (calaminthadiol) on the basis of the spectrometric 
parameters of the title compound and its suitable 
derivatives. A partial synthesis of calaminthadiol was 
also achieved. 

RESULTS 

The isolated triterpenoid (I), mp 197-199” (from 
EtOH) [a]? +87”, had the formula C,,H,,02 (M+ 
442). Its IR spectrum exhibited a broad absorption for 

OH at 3333 cm-’ and two bands for the )C=CH, 

group at 1648 and 880 cm- ‘. Evidence for the presence 
of an isopropenyl group was also obtained by the ‘H 
NMR spectrum of 1, which displayed two peaks at 
6 4.66 and 4.83 (2H), and a three-proton singlet (1.7% 
attributable to the methyl hydrogens of the isopropenyl 
group. This resonance was lacking in the spectrum of 
dihydrocalaminthadiol (Z), obtained by catalytic hydro- 

* Part 3 in the series “Constituents of the genus Satureia”. For 
preceding papers see refs. [l-3]. 

genation of 1. In addition, the ‘H NMR spectrum of 1 
showed another olefinic proton at 6 5.16, still present in 
the spectrum of 2. The presence of an inert trisubstituted 
double bond in 1 was deduced. 

Compound 1 gave a diacetyl derivative (3) whose 
‘H NMR spectrum showed two acetoxymethyl signals 
at S 2.02 and 2.03, and four carbinolic protons as a 
multiplet centred at 3.92. The primary nature of the two 
OH groups in the molecule was confirmed by the Jones’ 
oxidation at 5” of 2, which afforded, after methylation by 
CH,N,, the dihydrodiester (4). 

Cogent information on the skeleton of calaminthadiol 
(1) was given by MS which showed strong peaks charac- 
teristic of 12-ursene and 12-oleanene skeletons [4]. In 
particular, the prominent fragment ion at m/e 234 
(C,,H,,O), derived from the C-, D- and E-rings by a 
typical retro-Diels-Alder reaction, allowed one OH 
group to be located at the D- and E-rings. Furthermore, 
the fragment at m/e 234 yielded the peak at m/e 203, by 
the loss of CH,OH, according to the known fragmenta- 
tion in the angular C-17 position [5]. In addition, the 
m/e 207 peak (C,,H,,O) suggested the presence of the 
second OH in the A- and B-ring portion of the molecule. 
The shifts induced by Eu(fod), on the proton resonances 
of 1 led us to observe the doublets of two secondary 
methyl groups, typical of the 12-ursene skeleton [3]. 
Moreover, the achieved simplification of the complex Me 
pattern displayed the presence of three tertiary methyl 
groups. The 12-ursene skeleton, suggested for 1 by LSR, 
restricted the presence of the isopropenyl group only to 
the A-ring, and required the fission of the A-ring. 

The above data and results were consistent with the 
structure 3,4-seco-4(23),12-ursadien-3,28-diol (1). That 
calaminthadiol actually has structure 1 was proved by 
its partial synthesis from methyl ursonate (5) (Scheme 1). 
Compound 5 was converted into the corresponding 
oxime (6) then, by refluxing with tosyl chloride in pyridine 
[6], into the unsaturated seco-nitrile (7). Alkaline hy- 
drolysis of 7 and subsequent methylation yielded the 
unsaturated diester (S), which was reduced by LiAlH, to 
the dial (1). Direct comparison with our natural product 
proved the identity (mmp, GLC, ‘H NMR and MS). 
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Scheme 1. Chemical synthesis of calaminthadiol (1) and dihydrocalaminthadiol (2) from methyl ursonate (5) 

The same identity was confirmed by the dihydrocalamin- 
thadiol (2), which was identical by the above criteria to 
the synthetic 3,4-seco-12-ursen-3,28-diol obtained by 
photochemical cleavage [7] of 5 and subsequent reduc- 
tion by LiAIH,. 

Sterol fractions isolated from the leaves were found by 
GLC to contain the ubiquitous sitosterol, stigmasterol 
and campesterol (see Experimental). 

DISCUSSION 

The isolation of calaminthadiol (1) may prove con- 
clusive in the chemotaxonomic characterization of the 
genus Satureia because of the rarene+ of the 3,4-fission 
in the A-ring of c(- and j3-amyrin skeletons. Hitherto this 
structural feature has been reported only for the isomeric 
roburic and nyctanthic acids [b, 71. Moreover, the 

presence of a primary alcoholic function at the 3,4- 
fission, as in calaminthadiol, is unique among triter- 
penoids. 

That the tetracyclic calaminthadiol (1) occurs in S. 
cabninth and S. graeca together with the pentacyclic 
ursolic and 3-epiursolic acids is in good agreement with 
the biogenetic mechanism of C-3/C-4 bond cleavage, 
proposed for dammarenohc and nyctanthic acids [7]. 
In line with the aforesaid process, we suggest the bio- 
genetic mechanism shown in Scheme 2 for the formation 
of 1, where X is a suitable leaving group. 

The process would start from uvaol or a similar 3-hy- 
droxy-substituted product, affording a formyl group 
easily reducible to a primary carbinolic function. 

Further work is in progress to verify the natural 
occurrence of 1 in other Satureiu species to improve the 
chemotaxonomic correlations of the genus. 

Scheme 2. Suggested mechanism for the biosynthesis of caiaminthadiol (I ). 




