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Abstract-The diterpenoid teuflin (6-epiteucvin) has been isolated from Teucrium oiscidum var. miquelianum. Its base 
catalyzed epimerization into teucvidin was studied under mild conditions and the pathway is discussed. 

INTRODUCTION 

Teucvin (1) [1,2] and teucvidin (2) [3,4] were isolated 
from the aerial parts of Teucrium viscidum var. 
miquelianum and their structures determined. The former 
was also isolated from Mallotus rependas [5,6] 
and Teucrium cubense [7,8], and a potent amoebicide 
activity was reported [7,8]. The latter was also isolated 
from Croton caudatus [9]. Our further investigation on 
the minor diterpenoids of 7: viscidum var. miquelianum 
resulted in the isolation of a crystalline component, which 
was shown to be the C-6 epimer (3) of teucvin by its 
spectral properties, its chemical conversion into teucvidin 
(2), and an X-ray crystallographic analysis (M. Node, M. 
Sai, E. Fujita and A. T. McPhail, unpublished results). In 
the meantime, a paper which reported the isolation of this 
compound from T.$auum and its structure determination 
by X-ray analysis was published, and it was named teuflin 
[lOI. 

RESULTS AND DISCUSSION 

A minor component, C, gH,,O,, mp 190-192”, isolated 
from IT: viscidum var. miquelianum was shown to have rings 
of a /&substituted furan, a y-lactone, and an aP- 
unsaturated y-lactone, and a secondary methyl group in 
the molecule (see Experimental). This compound had the 
same composition and functional groups as those of 
teucvin (1) and teucvidin (2) which suggested that it may 
be their stereoisomer and most probably the C-6 or C-10 
epimer of teucvin. The ‘H NMR and 13C NMR spectral 
data of this new compound, teucvin (l), and teucvidin (2) 
were checked in detail. The proton (6 2.68, m) and ’ 3C 
chemical shifts (6 43.0) [l I] at C-10 were shown to be the 
same as those of teucvin, which supported the same 
configuration at C-10 in both compounds. On the other 
hand, the hydrogen at C-6 (6 5.72, m) showed an unusual 
paramagnetic shift compared to the C-6 hydrogens of 
teucvin and teucvidin, which can be attributed to the 

1 6,9 - H, lo/3 - H 
2 6a - H, 10~ - H 
3 6a - H, log - H 
8 6P-H,lOu-H 

4 48 - H, 5a - H, lOa - H 6 4a-H,6u-H 
5 4a - H, 5b - H, lOc( - H 7 4p - H, 68 - H 
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anisotropic effect due to the lactone carbonyl group at C- 
20 on a fixed boat-like conformation of the ring B. Thus 
the C-6 hydrogen must have the configuration opposite to 
that in teucvin, which is supported by the similarity of the 
‘3C-chemical shifts ofC-6 in this compound and teucvidin 
(2). 

The chemical evidence for the assignment of the 
structure 6-epiteucvin to this minor diterpenoid was 
provided by its chemical conversion into teucvidin (2). 
First of all, methanolysis (Na,CO,, MeOH, reflux) was 
tested on this compound under the same conditions as in 
the methanolysis of teucvin and teucvidin, but it resulted 
in the rapid formation of many products, contrary to the 
production of the methyl esters, 4 and 5, in the cases of 
teucvin and teucvidin, respectively [2]. Under the milder 
conditions (Na,CO,, THF, H,O, room temperature), 
two isomeric products A and B were obtained. The 
product A was proved to be identical with the known 
teucvidin (2) by mmp determination and complete 
identity between their NMR spectra. 

Treatment of 6-epiteucvin under more mild conditions 
selectively afforded isomer B accompanied by starting 
material. The isomer B showed a strong carbonyl 
absorption at 1770 cm ’ in its IR spectrum; the 
absorptions at 1750 and 1705cm-’ in 6-epiteucvin (3) 
disappeared. The UV absorption showed a hypsochromic 
shift of the original absorption at 2 17 nm of 3; it supported 
disappearance of the conjugated double bond in 3. The 
deuterium exchange experiment [2] has shown in- 
corporations at C-6 and C-10. Accordingly a 5(10)-ene 
structure (6) is easily assumed for B, and this assumption 
was well supported by the NMR data and the decoupling 

3 

experiment between 14-H and 15-H, 11-H,,., and 12-H, 
and 1 l-H, and 1 l-H,.? Furthermore teucvm (1) has been 
partially converted into the 5(10)-ene derivative C [2], 
whose spectral data were very similar with those of the 
isomer B. Consideration of these facts led to the 
reasonable assignment of the structures 6 and 7 to the 
compounds B and C, respectively. 

The compound 6 is thus an intermediate in the base- 
catalyzed isomerization of h-epiteucvin (3) to teucvidin 
(2). formed by the migration of the C-10-H. The @-bond 
between C-10 and hydrogen is more labile than the TO- 
bond between C-6 and hydrogen in 3, because of the 
maximum overlapping of the former with the C-4, C-5 Z- 
bond. 

Thus the base catalyzed isomerizations of 6-epiteucvin 
(3) and teucvin (1) are represented as shown in Figs. 1 and 
2. 

The stereomodel of compound 3 suggests it to be 
unstable, because of the big strain on ring E. In fact, 
deprotonation of the 10-H occurs easily under mild basic 
conditions to give an enolate anion, whose protonation 
under kinetic controlled conditions occurs preferentially 
at C-4 to yield compound 6. It is transformed into more 
stable teucvidin (2) under thermodynamic control (see 
Fig. 1). 

On the other hand, teucvin (1) is known to be most 
stable1 among all the isomers; it forms an enolate anion 
under strong basic conditions. Protonation at C-4 occurs 
only partially; almost all of the enolate anion protonates 
at C-10 to recover the stable teucvin (1). In this case, the 
formation of compound 8 cannot be observed, probably 
because of its unstable nature (see Fig. 2). 

---- 

Fig. I. Base catalyzed isomerization of h-epiteucwn (3) under mild conditions. 

Theenol lactone structure (having a double bond between (C-5 
and C-6) is excluded on the basis of the IR data and the presence 
of proton signal at 65.00 assignable to 6-H in the ‘H NMR 
sp.ctrum. The trans-isomer between 4-H and 6-H is also 
excluded based on the unfavorable non-bonded interaction 
because of the boat conformation of the rinps A and B in the 

molecule. 
$ The base catalyzed epimerization [9] of teucvidine (2) into 

teucvin (1) supports this. 
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teucvidin, and teuflin in i-PrOH (1 ~g;~~l) were prepared. A 
JASCOSIL SS-05 4.5mm 4 x 250mm column was used. The 
column was eluted with i-PrOH-n-hexane (2:l) at the rate of 
2 ml/min under the pressure 60 kg/cm2. The sample soln (1~1) 
was injected and detected at 217 nm. The R,s were 3.3, 7.6. and 
12.2 min for teucvidin, teuflin, and teucvin, respectively. The 
sample showed three peaks at the same retention times as those of 
the standard samples. 
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