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Abstract—From the aerial parts of Teucrium canadense two new neo-clerodane diterpenoids, 18-acetylmontanin D and
isoteuflin, have been isolated, besides the previously known diterpenes teucvidin, teuflin, teucvin, 12-epiteupolin I,
teuscorodal and (12R)-teupolin 1. The structures of 18-acetylmontanin D (18-acetoxy-4,19:15,16-diepoxy-6f-
hydroxy-neo-cleroda-13(16),14-dien-20,12S-olide) and isoteuflin (15,16-epoxy-19-nor-neo-cleroda-5(10),13(16),14-
triene-18,64;20,12S-diolide) were established by chemical and spectroscopic means. The isolation of isoteuflin from 7.
canadense is of biogenetic importance, since it was previously postulated as the intermediate in the biosynthesis of

teucvidin and until now only known as a synthetic compound.

INTRODUCTION

The neo-clerodane diterpenoids of Teucrium species (La-
biatae) have recently attracted considerable attention [17].
In continuation of our studies on the diterpenoids of these
plants {1-3] we have examined the aerial parts of Teu-
crium canadense L. (American germander), a species in
which some aspects of the metabolism of indole-3-acetic
acid [4] and the oligosaccharide constituents [5] have
previously been studied.

Extraction of the dried plant with acetone and chro-
matography of the residue on silica gel afforded the
already known neo-clerodane diterpenoids teucvidin (1)
[1], teuflin (2) [1], teucvin (3) [1], 12-epiteupolin 1I [6],
teuscorodal [1], and (12R)-teupolin I [1, 7], also named
12-epiteupolin 1 [8]. In addition, two new diterpenoids,
18-acetylmontanin D (4) and isoteuflin (5), have also been
obtained from the same source and their structures
established mainly by spectroscopic means. Isoteuflin (5),
previously obtained [9] by basic treatment of teuflin (2),
has been postulated as an intermediate in the biosynthesis
of the diterpenoids belonging to the H-10a-19-nor-neo-
clerodane series, such as teucvidin (1) [9].

RESULTS AND DISCUSSION

The first of the new diterpenoids isolated from T.
canadense, 18-acetylmontanin D (4), had a molecular
formula C,,H,30- and its "H NMR spectrum (Table 1)
was almost identical with that of montanin D (6) [10], the
only differences being consistent with the presence in the
former of an acetoxyl group at the C-18 position (52.04,
3H, s; C-18 methylene protons at 64.88 and 5.06, both
doublets, J,,,, = 11.6 Hz) instead of the primary alcohol of
compound 6 (C-18 methylene protons at §3.75d and
4.62d, J,.,=12.3 Hz) [10], since the geminal proton of
the secondary hydroxyl group at the C-6 position (H-6x)
appeared at almost identical field in both compounds
(04.87 in 4 and 64.98 in 6, sece Table 1 and ref. [10]).

NOE experiments on compound 4 (Table 2) estab-
lished that its C-17 methyl group and the f-substituted

furan ring are on the same side of the plane defined by the
C-20, C-12 lactone ring, because irradiation of the C-17
methyl protons caused NOE enhancement in the signals
of the H-14 (66.63, 3.4% NOE enhancement) and H-16
(67.86, 2%) protons and no effect was observed in the
signal of the C-12 proton (§5.57) [7, 11]. Thus, diterpen-
oid 4 possessed the same C-12 stereochemistry as com-
pound 6 [10, 11] and teucroxide (7) [11, 12], and it is the
C-18 acetyl derivative of montanin D (6) or its enan-
tiomer.

The absolute configuration of 18-acetylmontanin D (4)
was not ascertained due to the small sample available (see
Experimental). However, it is reasonable to assume that
compound 4 possesses a neo-clerodane configuration as
do the other previously known diterpenoids co-occurring
in the same species. Moreover, all the diterpenoids until
now isolated from plants belonging to the Teucrium
genus, including montanin D itself (6), have a neo-
clerodane absolute configuration [1-3, 6-12]. The almost
identical {a] values of compounds 4 and 6 (—5.0° and
—5.7° [10], respectively) further supported this point.

Isoteuflin (5, C,,H,,05) was the major constituent
(48.2%) isolated from the diterpene fraction of T. cana-
dense. The IR, UV and 'HNMR spectra of this com-
pound (5, see Experimental and Table 1) were identical
with those reported [9] for a synthetic diterpenoid ob-
tained by base catalysed isomerization of teuflin (2) under
mild conditions. In our hands, mild basic treatment of
both diterpenoids, teuflin (2) and isoteuflin (5), yielded the
same 2:1 mixture of isoteuflin (5§) and teucvidin (1),
respectively (see Experimental).

Although compound 5 is already known as a synthetic
substance [9], its complete physical and spectroscopic
data have not been reported in the literature [9] and they
are included in Tables 1, 2 and 3 and in the experimental
part of this communication. These additional data (NOE
experiments, Table2; !'*CNMR spectrum, Table 3)
clearly revealed the close structural relationship between
isoteuflin (5) and the acetyl derivative of isoteucrin H4 (8),
another natural 19-nor-neo-clerodan-5(10)-ene diterpen-
oid recently isolated by us from T. kotschyanum [2].
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Table 1. "HNMR data of compounds 4 and

5*

4t 5%
H-38 § 1.25 dddd
H-4x - 3.17 br dd*
H-6x 4871« 4.98 br ddt
H-108 2.58 dd —
H-11« 249 dd| 2.88 dd
H-11p8 240 dd || 2.23dd
H-12 557 brt 5.59 ddd
H-14 6.63 dd 6.36 dd
H-15 771t 7.47 ¢
H-16 7.86 m 744 m
Me-17 1.03d 1.09d
H,-18 4884 —
Hp-18 5.06d -
H,-19 436d —
Hp-19 5.06d —
OAc 204 s —
J (Hz)
38,3x § 134
38,22 § 10.7
38,28 § 2.8
3p.40 — 10.5
40,3 4.9
40,60 — 1.7
6a,7x 3.0 6.9
60,73 3.0 6.9
6o, 1o 0 2.0
60,188 0 <04
86,17 6.4 7.3
1081« 13.0
108,18 5.3 —
11118 14.0 13.5
11,12 8.6 9.1
114,12 9.0| 34
12,16 <0.3 1.2
14,15 1.7 1.7
14,16 0.9 0.9
15,16 1.7 1.7
18A,18B 11.6
19A,19B 7.4

*All these assignments have been confirmed
by double resonance experiments.

tIn pyridine-ds solution.

1In deuteriochloroform solution.

§Overlapped signal.

| These assignments may be interchanged.

JaziatJazptJasea =38 Hz
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H-6c, H-10& 4 Ac H

2 H-64, H-10p 6 H H
3 nH-6p, H-10p 7 H OH

8 R = 0Ac

From a biosynthetic point of view it is of interest to
note that the occurrence in nature of compounds such as
5 and 8 supports previous hypothesis [9] on the bio-
genesis of the 19-nor-neo-clerodane derivatives belonging
to the H-10x series, like teucvidin (1). The possibility that
isoteuflin (5) could be an artefact can be ruled out, since
the procedures used in its extraction and isolation were
very mild (see Experimental). Furthermore, isoteuflin (5)
is the most abundant of the diterpenoids found in T.
canadense and it has not previously been detected in other
Teucrium species containing teuflin (2) and/or teucvidin

(1) [1-3,9].

Table 2. NOE experiments on compounds 4 and §

Observed NOE enhancement (%)

Irradiation

& (proton) H-4a H-6a H-118 H-12 H-14 H-16 Me-17
4 1.03(Me-17) - 0 * 0 34 2
5 1.09 (Me-17) 0 13 2 0 2 2

4.98 (H-6a) 6 0 0 0 0 1.8

*Not measured.
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Table 3. '*C NMR chemical shifts of compounds 5 and 8 (CDCl;, TMS as
int. standard)

c 5 8 c 5 8
1 22.43 t*+ 29271t 11 40.56 1 40.08 ¢
2 23331 66.69 d 12 71.97d 7193 d
3 21.23 1% 26.54 ¢ 13 126365 126.17 s
4 39.61d 36.024d 14 108.09d 107.75 d
5 131.84 13221 s 15 144284d 144.52 d
6 74.83 d 74.72d 16 138804d 138.66 d
7 31.69¢ 31761 17 1528 g 15.50 g
8 3548 d 3527d 18 176345} 176.05 s%
9 S51.16's 50.68 s 20 17688 st 17594 5%
10 129.10 s 125.78 s OAc — 17043 s
— 21284

*SFORD multiplicity.

t1These assignments may be interchanged.

EXPERIMENTAL

Mps: uncorr. Plant materials were collected in June 1987, near
London, Ontario (Canada), and voucher specimens were depos-
ited in the Herbarium of the Agriculture Canada University
(London, Ontario).

Extraction and isolation of the diterpenoids. Dried and finely
powdered T. canadense aerial parts (390 g) were extracted 2 x
with Me,CO (2 1) at room temp. for a week. The extract (4 g) was
chromatographed on a silica gel column (Merck, No. 7734,
deactivated with 15% H,0O, 150 g) eluted with n-hexane and n-
hexane-EtOAc mixtures giving three fractions which, in turn,
were rechromatographed (sifica gel, the same eluent mixtures)
yielding the following compounds in order of increasing chro-
matographic polarity: isoteuflin (5, 1.05 g}, teucvidin (1, 120 mg)
[17, teuflin (2, 40 mg) [ 1], 12-epiteupolin I1 (7 mg) [6], teucvin (3,
900 mg) [1], teuscorodal (50 mg) [1], (12R)-teupolin I (6 mg)
[1, 7] and 18-acetylmontanin D (4, 5 mg).

The previously known natural diterpenoids [teucvidin, teuflin,
12-epiteupolin II, teucvin, teuscorodal and (12R)-teupolin I]
were identified by their physical (mp, [«]p) and spectroscopic
(IR, '"H NMR, MS) data and by comparison (mmp, TLC) with
authentic samples.

18-Acetylmontanin D (4). Colourless thick oil, [«]3' —35.0°
(CHCl,; ¢ 0.257); IR valem ™': 3400 (hydroxyl), 3150, 3130,
1508, 875 (furan ring), 1760 (y-lactone), 1730, 1260 (acetate), 1460,
1380, 1020; 'H NMR (300 MHz, pyridine-d,): see Table 1; EIMS
(direct inlet) m/z (rel. int.): 404 [M]* (3), 386 (3), 344 (2), 331(7),95
(33),91 (17), 83 (11), 81 (23), 55 (31), 43 (100). (Found: C, 65.51; H,
7.11. C,,H,50, requires: C, 65.33; H, 6.98%.).

Isoteuflin (5). An amorphous solid which melted at 70-807;
[«33! +121.7° (CHCly; ¢ 1.370); IR vEB cm ™ 1: 3140, 3120, 1505,
875 (furan ring), 1770 (y-lactones), 1453, 1340, 1180, 1160, 1140,
1130, 970; UV MO nm (log e): 214 (3.68); '"H NMR (300 MHz,
CDCl,): see Table 1; 13C NMR (50.3 MHz, CDCl,): see Table 3;
EIMS (direct inlet) m/z (rel. int.): 328 [M]* (2), 234 (81), 206 (40),
161 (33), 94 (24), 91 (12), 85 (45), 83 (100). (Found: C, 69.36; H,
6.21. Calc. for C,yH,,05: C, 69.50; H, 6.14%.) IR, UV and
'HNMR spectra identical with those reported [9] for the
synthetic compound.

Isomerization of teuflin (2) into isoteuflin (8) and teucvidin (1).
Teuflin (2, 30 mg) was treated in THF (20 ml) with a soln of
Na,CO, (30 mg) in 1 ml of H,0 at room temp. for 7 days. The
reaction was diluted with H,0, extracted with CHCI;, dried
(Na,SO,) and evapd to dryness. The residue was subjected to
CC (silica gel, n-hexane-EtOAc 4:1 as eluent) yielding [9]
isoteuflin (5, 15 mg, less polar constituent) and teucvidin (1,

8 mg), which were characterized by their mp and IR, 'H NMR
and mass spectra, and by comparison (mmp, TLC) with auth-
entic samples.

Isomerization of isoteuflin (5} into teucvidin (1). Treatment of
isoteuflin (5, 200 mg) as above yielded 100 mg of the starting
material (5) and 70 mg of a compound identical in all respects
(mp, mmp, [2]p, IR, 'H NMR, MS, TLC) with natural teucvidin
1) [1,9].
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