
Phymchemistry, Vol. 23, No. 4, pp. 849-852, 1984. 0031~9422/84 $3.00 + 0.00 
Printed in Great Britain. 0 1984 Pergamon Press Ltd. 

NEO-CLERODANE DITERPENOIDS FROM TEUCRIUM MASSILIENSE 

GIUSEPPE SAVONA, MAURIZIO BRUNO, FRANCO PIOZZI, ORIETTA SERVEITAZ* and BENJAMIN RoDRiGUEzt 

Istituto di Chimica Organica dell’Universit8, Archirafi 20,90123 Palermo, Italy; * Dipartimento di Biologia, Universita di Milano, 
Italy; t Instituto de Quimica Orgainica, CSIC., Juan de la Cierva 3, Madrid-6, Spain 

(Received 22 July 1983) 

Key Word Index-Ewcrium mussfliense; Labiatae; diterpenoids; neo-clerodane derivatives; teumassilin; 6,19- 
diacetylteumassilin; deacetylajugarin-II; montanin C, teucjaponin A. 

Abstract-From the aerial part of Teucrium massiliense three new neo-clerodane diterpenoids, deacetylajugarin-II, 
teumassilin and 6,19-diacetylteumassilin, have been isolated, besides the previously known diterpenes montanin C and 
teucjaponin A. The structures of deacetylajugarin-II (4a,l8-epoxy-6a,l9-dihydroxy-neo-clerodan-l3-en-l5,16-olide), 
teumassilin (41x,18: 15,16-diepoxy-6a,12~,19-trihydroxy-neo-c1eroda-13(16),14-diene) and 6,19-diacetylteumassilin 
(6a,l9-diacetoxy+l8: 15,16-diepoxy-l2S-hydroxy-neocleroda-l3(16),lCdiene) were established by chemical and 
spectroscopic means. In addition, the previously known flavones salvigenin and cirsimaritin have also been obtained 
from the same source. 

INTRODUCTION 

In continuation of our studies on the diterpenes from 
Teucrium species (family Labiatae) [14], we have now 
investigated T. massiliense L., a species which grows in 
some areas of the Mediterranean region. From the aerial 
parts of this plant we have isolated three new neo- 
clerodane diterpenoids in very high yields: deacetyl- 
ajugarin-II (1,0.73 “/;, yield from dry aerial parts), teumas- 
silin (3, 0.31% yield) and 6,19-diacetylteumassilin (4, 
0.227; yield). In addition, the previously known neo- 
clerodane diterpenes montanin C (0.09 % yield) [S] and 
teucjaponin A (0.19% yield) [6] and the flavones salvi- 
genin (5-hydroxy-6,7,4’-trimethoxyllavone, 0.10% yield) 
[7] and cirsimaritin (5,4’-dihydroxy-6,7-dimethoxy- 
flavone, 0.01 “/;, yield) [S] have also been obtained from the 
same source. The structures and absolute configurations 
of the new diterpenoids (1, 3 and 4) were established on 
the basis of spectroscopic evidence, chemical correlation, 
application of Horeau’s method [9] and by comparison 
with closely related compounds. 

RESULTS AND DISCUSSION 

The first of the new diterpenoids, deacetylajugarin-II 
(1) had a CZOHX005 molecular formula and its IR 
spectrum was consistent with the presence of hydroxyl 
groups (3500, 3480, 3380cm-‘), an oxirane ring 
(3075 cm- ‘) and an a&unsaturated y-lactone group 
bearing an a-hydrogen atom (1775,1745,1640 cm- ‘). The 
presence of this last function in the molecule of 
deacetylajugarin-II (1) was also supported by its UV 
absorption at 1_ 218.5 nm (log ~3.95). 

The ‘H NMR spectrum of deacetylajugarin-II (1, 
Table 1) showed signals of a tertiary methyl group at SO.71 
(s), of a secondary methyl group at 0.85 (d, J = 6 Hz), of an 
a,a-disubstituted oxirane ring at 2.42 (d, J,, = 3.6 Hz) 
and 3.16 (dd, J,, = 3.6 Hz, Jloos_range = 2.4 Hz) and of a b- 
substituted butenolide grouping (65.83, lH, tt, JI = J2 
= 1.8 Hz; 64.70,2H, d, J = 1.8 Hz) [lo]. In addition, the 
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‘H NMR spectrum of this new diterpenoid (1) showed 
signals of a hydroxymethylene group attached to a fully 
substituted sp3 carbon atom (an AB system at 64.01 and 
4.30, JAB = 12 Hz) and of a secondary hydroxyl group in 
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Table 1. ‘H NMR spectral data ofcompounds 14 (90 MHz, CDC&, TMS as internal 
standard)* 

1 2 3 4 5 6 

H-68 3.60 ddd 4.70ddd 3.6 1 ddd _ 4.7511 4.75 ddd 4.75 ddd 
2H-11 t t t t 2.73 s 
H-12 t t 4.70dd u 4.:,,, 5.90dd 
H-14 5.83 tt 5.83 tt 6.35m 6.38 m 6.35 m 6.73d 
H-15 7.34m 7.37 m 7.33 m 7.43 t 
H-16$ 4.70d 4.73 d 7.34m 7.37 m 7.39m 8.OOd 
Me-17 0.85 d 0.85 d 0.79d 0.78d 0.75d 0.88 d 
HA-187 2.42d 2.22d 2.4Od 2.20d 2.18d 2.22 d 
Ha-185 3.16dd 3.OOdd 3.15dd 3.@Odd 2.97 dd 3.05 dd 
HA-19 4.01 dd 4.35 dd 4.03 dd 4.40dd 4.38 dd 4.40 dd 
Ha-19 4.30 d 4.80d 4.27 d 4.80d 4.79 d 4.82d 
Me-20 0.71 s 0.79 s 0.61 s 0.70s 0.70s 0.80s 
OAc 1.95s - 1.93s 1.93s 1.93s 

2.10s 2.08 s 1.99s 2.10s 
2.08 s 

J(Hz): land2:6/$7a = 9-11;68,7j = 6;6/3,19A = 0.8; 14,16 = 14, 12 = 1.8; 17,8 
= 6; 18A, 18B = 3.W; 18B,3a = 2.4-z 19A, 19B = 12; 19A,6/3 = 0.8. M 68,7a = 9; 
68,7/I = 6; 68,19A = 0.9-l; 14,15+ 14, 16 = 4; 17,8 = G6.8; 18A, 18B = 3.63.9; 
18B, 3a = 2.1-2.4; 19A, 19B = 12-12.3; 19A,6/3 = 0.9-l. 6: 14,15 = 15,16 = 1.5. 

*Spectral parameters were obtained by first order approximation. All these 
assignments have been confirmed by double resonance experiments. 

tCould not be identified. 
$Two proton signal in 1 and 2, one proton signal in %6. 
$Endo hydrogen with respect to ring B. 
ljExo hydrogen with respect to ring B. 
((Overlapped signal. 

equatorial configuration (geminal proton at 63.60, J,,. 
= 9 Hz, J,,. = 6 Hz). Double resonance experiments 
showed that there exists a long-range coupling (J 
= 0.8 Hz, Table 1) between the signal at 63.60 and the 
signal of the A part of the AB system (64.01), which is 
typical of 6a,l9-dihydroxy-neo-clerodane structures [ 111. 

On the other hand, the ‘% NMR spectrum of com- 
pound 1 (Table 2) was almost identical with that reported 
for ajugarin-I (2) [lo, 121, the only remarkable difference 
was the absence in 1 of the carbon atom resonances due to 
the two acetyl groups of ajugarin-I (2). In consequence, 
compound 1 must be the 19-deacetyl derivative of 
ajugarin-II (or the 6,19-bis-deacetyl derivative of 
ajugarin-I) [lo]. Effectively, acetylation of 1 yielded a 
product (2) identical in all respect with ajugarin-I [ 10,131, 
thus establishing the structure and absolute configuration 
depicted in 1 for this new diterpenoid. Deacetylajugarin- 
II (1) has been recently synthesized, but it was trans- 
formed without characterization into ajugarin-I (2) [ 141. 

The other new diterpenoids isolated fromT. massiliense, 
teumassilin (3) and 6,19-diacetylteumassilin (4), yielded 
the same peracetyl derivative (5) by acetic anhydride- 
pyridine treatment. The ‘H NMR and 13C NMR spectra 
of these compounds (Tables 1 and 2) showed that 
teumassilin (3) and deacetylajugarin-II (I), and 6,19- 
diacetylteumassilin (4) and ajugarin-I (2) possessed an 
identical substituted trans-decaline moiety and the dif- 
ferences between these pairs of compounds are the 
presence in teumassilin (3) and its 6,19-diacetyl derivative 
(4) of a p-substituted furan ring and a secondary hydroxyl 
group placed on the C-l 1 or C-12 position (see Tables 1 

and 2) instead of the B-substituted butenolide grouping of 
compounds 1 and 2. Chromium trioxide-pyridine treat- 
ment of 4 gave a product (6) which showed UV absorption 

at L 255 nm (log &3.59), thus establishing that the 
secondary hydroxyl group was at the C-12 position. 
Moreover, the variation of the chemical shifts of H-14 and 
H-16 in the ‘H NMR spectra of compounds 4 and 6 
(Table 1) clearly confirmed this point. 

Finally, application of Horeau’s method [9] to com- 
pound 4 (see Experimental and Table 3) established the 
absolute configuration of the C-12 hydroxyl group as S. 
The neo-clerodane [ 151 absolute configuration of 
teumassilin (3) and its 6,19-diacetyl derivative (4) was 
firmly supported by the fact that the partial resolution [9] 
caused by teumassilin (3, tl = - 0.793) was almost ident- 
ical with the sum of the values obtained for compound 4 
(a = - 0.474) and deacetylajugarin-II (1, a = - 0.262, see 
Experimental) and the neo-clerodane absolute configur- 
ation of this last compound is well-known [this work, 10, 
131. 

Since some of the neo-clerodane diterpenoids, such as 
teucjaponin A and compound 2, exhibit interesting anti- 
feedant and insecticidal activities [6, 10, 13, 143, it is 
important to note that they were found in 0.92% yield 
from dry aerial parts of Teucrium massiliense. 

EXPERIMENTAL 

Mps are uncorr. For general details on methods see refs [l-4]. 
Assignments of 1 ‘C NMR chemical shifts were made with the aid 
of off-resonance and noise-decoupled 13C NMR spectra. Plant 
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Table 3. Application of Horeau’s method to compounds 1, 3 
and 4 

(k )-a-phenylbutyric Partial 
Compound anhydride Pyridine resolution 
mg mmol mg mmol (ml) a = a, - Lla, 

1 48.0 0.1371 164.66 0.5312 2.00 - 0.262 
3 48.0 0.1371 164.66 0.5312 2.00 - 0.793 
4 59.5 0.1371 164.66 0.5312 2.00 - 0.474 

Application of Horeau’s method to compounds 1, 3 and 
4. This was performed in the usual manner [9] (see Table 3). 
Configuration C-12s in 3 and 4: 01= -0.474 for 4 or a = 
- 0.793 - (- 0.262) = - 0.531 from the difference between the 
values obtained from 3 and 1, respectively. Identical absolute 
configuration in 1 and 3: a = -0.262 for both C-6s equatorial 
hydroxyl group and C-19 primary alcohol from 1, and a = 
- 0.793 - (- 0.474) = - 0.319 from 3 for the same centres. This 
experiment was performed with identical time reaction (16 hr) 
and temp. (18”) for the three compounds. 
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