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Abstract—From the aerial part of Teucrium scorodonia (Labiatae) three new neo-clerodane diterpenoids have been
isolated. Their structures, (125)-15,16-epoxy-2a-hydroxy-19-nor-neo-clerodane-4,6,13(16),14-tetraene-18,6:20,12-
diolide (2-hydroxyteuscorolide), (12S,18R)-15,16-epoxy-6-keto-neo-clerodane-13(16),14-dien-20,12-olide-18,19-
hemiacetal (teuscorodin) and (125)-15,16-epoxy-19-hydroxy-neo-clerodane-3,13(16),14-triene-18,68:20,12-diolide
(teuscorodonin), have been established by chemical and spectroscopic means and by correlation with known products.

INTRODUCTION

In a previous communication[1] we reported the isolation
of three new diterpenoids [teuscorolide (1), teuscorodal
and teuscorodol] and a known substance (teupolin I [2,
3]} from the aerial part of Teucrium scorodonia L.
(Labiatae). In this communication we report the structure
determination of three new diterpenoids [2-hydroxyteus-
corolide (2), teuscorodin (3) and teuscorodonin (6)],
which have been isolated from the same plant.

RESULTS AND DISCUSSION o 19 0
The first of the new diterpenoids (2-hydroxyteusco- 2 o]
rolide, 2), C,oH, O, had an IR spectrum which showed R
hydroxyl (3520 cm™!), furanic (3165, 3140, 3130, 1510, 1 R=H 3 ®'=-H., rR=0H
880 cm™!), y-lactone (1775cm™!) and «,f-unsaturated B . ’ 2
enol-y-lactone (3060, 1755, 1670, 1605 cm ™ 1) absorptions. 2 R=oH 4 f=n, R%OAc
The presence in compound 2 of an o, f-unsaturated enol-y- 5 Hdr?-=0
\R°=

lactone group was confirmed by its UV absorption at 4,
281 nm (loge 4.18), identical with that found in teusco-
rolide (1) [1,4-6]. The 'H NMR spectrum of compound 2
was very similar to that of teuscorolide (1) with character-
istic signals for a S-substituted furan ring, a y-lactone
group, a secondary methy! group and an «,-unsaturated
enol-y-lactone moiety (see Table 1).

In addition, the 'H NMR spectrum of 2-hydroxyteus-
corolide (2) showed a one-proton multiplet at 54.33
which was assigned to the geminal proton of a secondary
hydroxyl group. This alcohol function must be placed
between two methylene groups, because its geminal
proton appeared as a broad multiplet (W}, = 24 Hz). Thus,
only the C-2 position of the clerodane skeleton of
teuscorolide (1) is likely for the secondary hydroxyl group
of the new diterpenoid 2. The a-configuration (equatorial)
of this alcohol was revealed by the fact that the 'H NMR
spectrum of compound 2 (Table 1) showed a four-line 7
signal for the C-la axial proton (J,, yo5 = J14, 28

R= Ac

= J 14, 15 = 10 Hz), which collapsed into a triplet (J
= 10 Hz) on irradiation at 6 4.33 (28-axial proton). On the
*Author to whom correspondence should be addressed. other hand, comparison of the '3C NMR spectra of
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Table 1. 'H NMR spectral data of compounds 1-5*

113 2§ 3§ 4% L34
H-1a I 1.77 ddd I 1 !
H-28 I 433m I | I
H-48 — — 2.67 brdd 2.77 ddd 2.83dd
H-7a 528d 540d 345: 3.38¢ 340t
H,-11 2.504dd 2.70dd 242d 2.384d 247d
Hp-11 243 dd 2.50dd 242d 2.384d 247d
H-12 5.40¢ 553¢ 550¢ 5.35¢ 5431
H-14 6.38m 6.55m 6.58 m 6.35m 6.40 m
H-15 747 m 7.631 7.63m 7.42m 747 m
H-16 747m 773 m 778 m 742 m 74T m
Me-17 1.23d 1.23d 1.02d 1.07d 1.13d
H-18 — — 5.07 brs 6.13d —
H,-19 — — 470d 4.53d 4.75d
Hp-19 — — 425d 4.19d 449d
OAc — - — 203s —

J: land2: 7,8 = 1.5,8,17 = 7.5;11A, 11B = 13.5; 11A, 12 = 11B, 12 = 8.5; 14, 15
=15,16 = 1.5,14,16 + 14,15 = 3.5.2: 1,18 = 1,28 = 1a, 108 = 10;28, 1a + 28,18
+2B,30+28,38 =24.3-5:48,3 = 9,48,3 = 6;T0,, T = T, 88 = 13;8,17 = 7, 11A,
12 = 11B,12 = 9;11A, 11B, not observed; 14, 15 + 14,16 = 4; 14, 16 + 15, 16 = 4; 19A,

19B = 10.5. 3: 48, 18 ~ 0. 4: 4B, 18 = 5.

*At 90 MHz. Chemical shifts are in d-values from TMS, J in Hz.

tTaken from ref. [1].
FIn CDCl, solution.
§In pyridine-d; solution.

||Could not be identified. All these assignments have been confirmed by double

resonance experiments.

compounds 1 and 2 (Table 2), clearly confirmed all the
above assignments and established the structure and
relative stereochemistry depicted in 2 for this new diter-
penoid. In particular, the g-effects on C-1 (Ad +12.2) and
C-3 (Ad + 10.8) and the y-effects on C-4 (Adé —0.7) and
C-10 (A8 — 0.5) clearly established the existence in com-
pound 2 of an equatorial hydroxyl group attached to the
C-2 position. Finally, a neo-clerodane [7] absolute con-
figuration was established for 2-hydroxyteuscorolide (2),
because the variation of the optical rotations of this
compound and teuscorolide (1) (see Experimental) is
similar, and the neo-clerodane absolute configuration of
this last compound (1) is well-known [1, 4-6].

Another of the diterpenoids, teuscorodin (3), had a
molecular formula C,,H,,0s and possessed a f-
substituted furan ring, a y-lactone and a secondary methyl
group identical with those found in 2 (see Tables 1 and 2).
In addition, the IR spectrum of teuscorodin (3) revealed
the existence of a hydroxyl (3450 cm™?) and a ketone
(1695 cm ™ !) group, which were confirmed by ‘H and '3C
NMR spectroscopy. The geminal proton of the secondary
hydroxyl group showed a one-proton broad singlet at
6 5.07 (Table 1) and the ketone group showed a singlet at
52149 (Table 2). In agreement with these conclusions,
teuscorodin (3) was easily acetylated to give the derivative
4, and treatment with chromium trioxide—pyridine yiel-
ded a compound (5) identical in all respects (mp, mmp,
{¢]p, CD, IR, '"H NMR, mass spectrum) with 6-ketoteus-
cordin, previously isolated from Teucrium scordium [8]
and known as a synthetic derivative of teucrin E [9] and
teuchamaedryn B [ 10]. Thus, it was clear that teuscorodin
(3) possessed a hemiacetalic function, which was placed at

Table 2. '3C NMR chemical shifts of compounds 1—4 and 6*

1 2 3 4 6
C-1 2251t 347t} 23.0¢ 2141t 1761t
C-2 24.3¢ 67.7d 239¢ 2331 2461
C-3 19.5t% 303t 2641t 2481t 13494
C-4 123.7s 1230s 47.2d 419dt 139.7s
C-5 151.1s 1514 s 594 s 59.9s 456 s
C-6 1474 s 14735 2149s 21015 77.44d
C-7 108.84d 109.2d 4121t 41.6¢ 31.2¢
C-8 37.54d 379d 40.7d 41.4d% 37.0d
c9 538s 539s 51.3s 51.3s 482s
C-10 408 4d 403d 50.4d 51.64d 455d
C-11 394¢ 39.2¢ 43.1¢ 4221t 4431t
C-12 71.8d 7204 721d 719d 71.9d
C-13 125.7 s 1257 s 1258s 1249 1270s
C-14 108.84d 108.9d 10884 108.0d 108.74d
C-15 1448 d 1448d 14484 1444d 1447 d
C-16 140.7 d 140.7d 14074 139.8d 139.7d
C-17 169 q 169¢ 17.1q 17.2q 176 q
C-18 1695 s 169.1 s 10394 98.5d 1693 s
C-19 — — 705¢ 69.0¢ 6341t
C-20 1752s 1752s 1769s 176.5s 177.3s
OAc — — — 170.0 s —
— — — 21.1¢g —

*In 3-values from TMS, at 20.15 MHz, all in pyridine-d
solution, except 4 (CDCIl; solution).

+SFORD multiplicity.

}Values in any vertical column may be interchanged, but those
given here are considered to be most likely.
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the C-18 position because, although its 'H NMR spec-
trum showed a broad singlet for the hemiacetalic proton,
that of the acetyl derivative 4 showed this proton as a clear
doublet (J, 5 45 = 5Hz)at 5 6.13 (Table 1). The '*C NMR
spectra of compounds 3 and 4 (Table 2) confirmed these
conclusions and established that the hemiacetalic hy-
droxyl group is involved in a hydrogen bond with the C-6
ketone group, because the C-6 carbon atom appeared at
6214.9 in 3 and at 6 210.1 in its acetyl derivative (4). The
difference of the ketone absorptions in the IR spectra of
compounds 3 and 4 (1695 and 1710 cm™?, respectively)
also confirmed this point. This was also in agreement with
the observed J, 4 44 values in teuscorodin (3, J ~ 0 Hz)
and its acetate 4 (J = 5 Hz), since the C-18 acetate—C-6
ketone steric interactions force the C-18-C-19 hemiacetal-
ic ring to adopt a conformation in which the H-18-H-4
dihedral angle is larger than 90°, whereas in compound 3 it
is close to 90°.

The neo-clerodane [7] absolute stereochemistry of
teuscorodin (3) was established by correlation with 6-
ketoteuscordin (5) [8-10] and by its CD curve, which
showed a negative Cotton effect (Ae,g5 — 0.54, Agjo,
— 0.55) for the C-6 ketone, in complete agreement with a
neo-clerodane absolute configuration [3]. Teuscorodin
(3) is the first diterpenoid isolated from Teucrium species
which possesses a C-18—C-19 hemiacetalic function [1-6,
8-11].

The last diterpenoid isolated from T. scorodonia has
been named teuscorodonin (6) and its molecular formula
was C,oH,,0s. The IR spectrum of this substance
showed hydroxyl (3480cm™?'), furanic (3150, 1508,
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880cm '), y-lactone (1760 cm~!) and a,f-unsaturated-y-
lactone (1740, 1670 cm™') absorptions. The 'H NMR
spectrum of teuscorodonin (6) showed typical absorp-
tions for a f-substituted furan ring, a C-20, C-12-y-lactone
and a C-17 secondary methyl group (Table 3), identical
with those found in the previously described diterpenoids.
In addition, 6 possessed an exocyclic, a,f-unsaturated-y-
lactone group [A,,, 220nm (logs 4.00); a p-olefinic
proton at 8 6.74, dd, and a one-proton double doublet at
45.39] and a primary hydroxyl group attached to a fully
substituted sp® carbon atom (an AB system at §4.64 and
4.14, J =109 Hz, Table 3). Acetic anhydride—pyridine
treatment of teuscorodonin (6) yielded the acetyl deriva-
tive 7, the 'H NMR spectrum of which (Table 3) showed
the paramagnetically shifted AB system (6 4.58 and 4.47),
thus confirming that the free alcohol of teuscorodoninisa
primary one.

All these data pointed toward the structure 6 for
teuscorodonin, which was confirmed on the basis of the
following considerations. The chemical shift and coupling
values of the C-6a-lactonic proton of 7 (Table 3) are
identical with those found in some neo-clerodan-3-en-
18,6f-olides, such as plaunols A, B and C [12, 13].
Furthermore, in 6 H-6 must be trans-oriented with respect
to one of the C-7 protons (Je . =10.7Hz, Jg ,
= 6.2 Hz), and since H-8 showed an identical coupling
value with the C-7 methylene protons (J = 4.3 Hz),onlya
H-6a-axial, H-7f-axial, H-7a-equatorial and H-8p-
pseudoaxial arrangement with ring B in a boat conforma-
tion is compatible with these results (see the molecular
model of 6). The 6f-closure of the o f-unsaturated-y-

Table 3. 'H NMR spectral data of compounds 6 and 7*

6t 7%
H-3 6.74dd,J, , =59 6.75dd, J3 , =5;J5 5 =35
Jg_ 2= 2.7
H-6 5.39dd, Jg,, 15 = 10.7 4.82dd, Js, 45 = 10
J6a, 74 = 6.2 oo, 70 = 5.5
H-7a ~ 2.06, complex and overlapped signal §
H-78 ~ 1.88, complex and overlapped signal §
H-8 2.13¢q, Jgp, 74 = Jop, 74 = 4.3 §
Js, 17 =174
H,-1. 269dd, Jy 4,12 =86 260dd, Jy;,,1,=8
-’uA,un=13-2 JuA,us=13
Hp-11 241dd, Jy g1, =43 227dd, Ji 5 1, =4
H-12 5.66ddd, J,; ,,, =86 548ddd, Jy5 115 =8
Ji2,11g=43; J12,16 = 1.1 Jizup=%Jd12.16=1
H-14 6.56dd, J,4 45 =19 6.38m, W, = 3.5
Jie16 =10
H-15 7.68dd, Ji5 14=19 142m W, =4
Jis, 16 = 1.6
H-16 7.719ddd, J,g ,, = 1.1 742m, W, =4
Jis, 14 =10 Jy6,15 = 1.6
Me-17 1.10d, Jy, g =74 1.084d,J;, 4 =175
H,-19 464d,J,5, 195 =109 4584, Jy9,, 195 =105
Hg-19 4.14d Jigp 15, = 109 447d, Jigy 194 = 10.5
OAc 2.00s

* Chemical shifts are in §-values from TMS, J in Hz.

tAt 270 MHz, pyridine-d solution.
}At 90 MHz, CDCI, solution.
§Could not be identified.

All these assignments have been confirmed by double resonance experiments.
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lactone was also supported by the fact that neither of the
two protons at C-19 in 6 and 7 showed any long-range
coupling in their 'H NMR spectra. The requirement for
the existence of such a long-range coupling [ 14, 15], which
has been observed (J = 1-2.5 Hz)in some neo-clerodanes
lacking a substituent at C-6 [16-19], is the existence of a
B-proton at C-6. All these assignments were also sup-
ported by the '*C NMR spectrum of teuscorodonin
(Table 2), which showed carbon atom resonances in
complete agreement with structure 6 [20, 21].

On the other hand, the 'H NMR spectra of 6 and 7
(Table 3) showed for the C-11 methylene and the C-12
lactonic protons an ABX system (8, 2.69, g 2.41, d 5.66;
Jap=132Hz, J ,x = 8.6 Hz, J gx = 4.3 Hz), the X part of
which has allylic coupling with the C-16 a-furanic proton
(J12,16 = 1.1 Hz). An identical behaviour has been pre-
viously observed in chamaedroxide [22], a neo-clerodane
diterpenoid whose 12S-configuration was firmly establis-
hed by X-ray diffraction analysis. Thus, a 12S-con-
figuration may be attributed to teuscorodonin (6).
However, these coupling values of the C-11 and C-12
protons in 6 and chamaedroxide [22] are unusual for
Teucrium diterpenoids (J,,,, 12 = J 15,12 = 89 Hz, no
detectable coupling between C-12 and C-16 protons [1--6,
8-11, 16-19]). Thus, the 12S-configuration of teuscoro-
donin (6) required further confirmation and this was
obtained by nuclear Overhauser effect experiments.
Effectively, on irradiation at § 2.13 (H-8f proton) a small
{ca 59%) NOE on the C-14 and C-16 protons was
observed, thus establishing a cis-relationship between the
C-8 proton and the furan ring. Consequently, teuscoro-
donin (6) has the 12S-configuration and this is identical
with that found in all the neo-clerodane diterpenoids
isolated from Teucrium species [1-11, 19, 20, 22-25].

Finally, the CD curve of teuscorodonin (6) showed two
Cotton effects at 250 nm (As +2.16) and 225 nm (Ae
—4.04), in complete agreement with a neo-clerodane
absolute configuration [7, 13, 23-25] and with a H-
108-18, 6f-lactone groups arrangement [23-25].

EXPERIMENTAL

Mps are uncorr. For general details on exptal see refs.
[1,3,19,22). Assignments of '*C NMR chemical shifts were
made with the aid of off-resonance and noise-decoupled !>C
NMR spectra. NOE expts were performed with the technique of
differential spectra. Plant material was the same as that used in
ref. [1].

Isolation of the diterpenoids. Dried and finely powdered T.
scorodonia aerial parts (1.5 kg) were extracted with Me,CO as
previously described [1]. Careful chromatography on Si gel
columns eluted with n-hexane-EtOAc (4:1) of the fractions
containing teuscorolide (1) allowed the isolation of teuscorodin
(3, 380 mg), and chromatography of the more polar chromato-
graphic fractions of the total extract over Si gel columns eluted
with n-hexane-EtOAc (1:1) yielded teuscorodonin (6, 240 mg,
less polar compound) and 2-hydroxyteuscorolide (2, 104 mg).

2-Hydroxyteuscorolide (2). Mp 243-246° (from EtOAc-n-
hexane); IR vf,f; cm ™ !: 3520 (hydroxyl), 3165, 3140, 3130, 1510,
880 (furan ring), 1775 (y-lactone), 3060, 1755, 1670, 1605 (a,B-
unsatd enol-y-lactone), 2990, 2980, 2945, 2930, 2910, 2860, 1460,
1355, 1330, 1300, 1220, 1190, 1160, 1100, 1035, 1030, 1020, 995,
975, 965, 935, 860, 815, 805, 780, 745, 725, 695. UV 2E0H nmy
(loge). 211 (3.86) (furan ring), 281 (4.16) (a,f-unsatd enol-y-
factone). '"H NMR (90 MHz, C;D,N): see Table 1. '*C NMR
(20.15 MHz, C;DsN); see Table 2. EIMS (direct inlet) 75 eV, m/z
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(rel. int.): 342 [M]* (18), 324 (2), 314 (5), 312 (3), 248 (9), 230 (9),
218 (7), 203 (8), 199 (7), 186 (100), 175 (45), 158 (12), 131 (13), 128
(14), 115 (19), 95 (80), 94 (68), 91 (40), 81 (43), 77 (43), 69 (82).
(Found: C, 66.54; H, 5.26. C,,H, 40, requires: C, 66.66; H,
5.30%.)

Optical rotations of 1 and 2. [«] values in degrees
580 578 ° 546 436 365 nm

2 +208 +21.5 +22.7 +31.5 -—7.7 (CHC;-CsH;N,
9:1; ¢ 0.260);

1 +135 +142 +155 +142 —44.2 (CHCl;; ¢ 0.312).

Teuscorodin (3). Mp 152-153° (Me,CO-n-hexane); [a]¥
+2.9°, [€)32 - 14.2° (CHCly; ¢ 0.240); IR vKBrem~1: 3450
(hydroxyl) 3160, 3135, 1508, 880 (furan ring), 1765 (y-lactone),
1695 (ketone), 2980, 2950, 2880, 1455, 1335, 1230, 1185, 1160,
1140, 1025, 975, 905, 810, 745, 730. UV }.,‘:',fx"“ nm (log ¢): 214
(3.84) (furan ring), 292 (2.20) (ketone). CD nm (Ae): 325 (0), 310
(—0.32), 298 (—0.54), 292 (—0.55), 255 (0) (MeOH; c 0.596). 'H
NMR (90 MHz, C;DsN): see Table 1. *C NMR (20.15 MHz,
CsD;N): see Table 2. EIMS (direct inlet) 75 eV, m/z (rel. int.): 360
[M]™* (4), 342 (10), 314 (20), 301 (44), 220 (24), 208 (22), 178 (32),
161 (34), 136 (56), 121 (36), 105 (40), 95 (100), 94 (72), 91 (68), 81
(84), 77 (64), 69 (60), 53 (68). (Found: C, 66.52; H, 6.63. C,oH 404
requires: C, 66.65; H, 6.71%.)

Acetyl teuscorodin (4). Ac;O—pyridine treatment of 3 (200 mg)
in the usual manner yielded 4 (200 mg, after crystallization from
EtOAc-n-hexane). mp 222-225°% [a]# + 31.7° (CHCl;; ¢ 0.366);
IR vKBr cm ™ 1: 3150, 1508, 880 (furan ring), 1760 (y-lactone), 1735,
1250 (acetate),’1710 (ketone), 2995, 2960, 2870, 1430, 1385, 1225,
1190, 1145, 1025, 1015, 985, 905, 830, 735. 'H NMR (90 MHz,
CDCl,): see Table 1. '1*C NMR (20.15 MHz, CDCl,): see Table 2.
EIMS (direct inlet) 75 eV, m/z (rel. int.): 402 [M]* (1), 366 (2), 359
(21), 343 (22), 342 (17), 314 (24), 301 (7), 271 (6), 255 (6), 220 (16),
178 (14), 161 (17), 136 (30), 121 (20), 105 (23), 95 (42), 94 (37), 91
{41), 81 (44), 69 (36), 55 (35), 43 (100). (Found: C, 65.38; H, 6.67.
C,,H,60, requires: C, 65.66; H, 6.519.)

6-Ketoteuscordin (5) from teuscorodin (3). CrO;—pyridine
oxidation of 3 (80 mg) in the usual manner yielded 5 (63 mg after
crystallization from EtOAc-—n-hexane) mp 203-205° [a]¥
+ 38.4° (CHCl,; ¢ 0.375), [«]§ +42.6° (Me,CO; ¢ 0.230); IR
vﬁf{ cm™*: 3160, 3135, 1508, 880 (furan ring), 1785, 1760 (y-
lactones), 1705 (ketone), 2995, 2950, 2880, 1480, 1370, 1345, 1215,
1185, 1025, 1015, 945, 905, 795, 740. 'H NMR (90 MHz, CDCl,):
see Table 1. CD nm (A¢): 330 (0), 309 (—0.64), 300 (—1.17), 292
(- 1.20), 255 (0) (MeOH; c 0.334). EIMS (direct inlet) 75 eV, m/z
(rel. int.): 358 [M]™* (56), 344 (4), 340 (2), 330 (2), 326 (6), 264 (15),
232 (10), 220 (21), 178 (30), 161 (18), 150 (12), 147 (16), 121 (22),
109 (13), 105 (25), 95 (100), 94 (93), 91 (38), 81 (36), 79 (37), 69 (36),
53 (28). (Found: C, 66.78; H, 6.18. Calc. for C,oH,,04: C, 67.02;
H, 6.19 9;.) Identical in all respects with the previously described
compound [8-10] and with an authentic sample (mmp, TLC).

Teuscorodonin (6). Mp 189-191° (EtOAc-n-hexane); [a]f}
+110.8° (CHClj; ¢ 0.204); IR vgf,{ cm ™ ': 3480 (hydroxyl), 3150,
1508, 880 (furan ring), 1760 (y-lactone), 1740, 1670 (a,B-unsatd-y-
lactone), 2980, 2920, 2900, 1420, 1350, 1240, 1220, 1200, 1165,
1050, 1015, 980, 775, 745. UV AECH nm (log e): 216 sh (3.95)
(furan ring), 220 (4.00) («,f-unsatd-y-lactone). CD nm {Ae): 260
(0), 250 (+ 2.16), 239 (0), 225 (— 4.04),210 (0) (MeOH; c 0.124). 'H
NMR (270 MHz, C;D;N): see Table 3. !>*C NMR (20.15 MHz,
C;D,N): see Table 2. EIMS (direct inlet) 10 eV, m/z (rel. int.): 358
[M]* (6), 340 (5), 328 (9), 310 (10), 283 (4), 234 (16), 215 (9), 201
(8), 148 (15), 131 (10), 117 (10), 105 (14), 95 (100), 94 (38), 91 (22),
81 (34), 69 (24). (Found: C, 66.89; H. 6.09. C,oH ;,0¢ requires: C,
67.02 H, 6.19%,)
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19-Acetyl teuscorodonin (7). Obtained from 6 (45mg) in the
usual manner. Compound 7 was an amorphous solid, mp 74-80°;
(2]} +53.6° (CHCl;; ¢ 0.80); IR vf,(,f; cm™': 3165, 3130, 1505,
880 (furan ring), 1770 (y-lactone), 1760, 1670 (a,S-unsatd-y-
lactone), 1735, 1235 (acetate), 2980, 2895, 1475, 1390, 1375, 1165,
1105, 1040, 1010, 995, 810, 745. '"H NMR (90 MHz, CDCl,): see
Table 3. (Found: C, 65.81; H, 5.92. C,,H,,0 requires: C, 65.99;
H, 6.04%)
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