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Abstract—From the aerial parts of Teucrium kotschyanum three new neo-clerodane diterpenoids have been isolated.
Their structures, (12R)-15,16-epoxy-19-nor-10a-neo-cleroda-4,13(16),14-triene-18,6; 20,12-diohde (12-epiteucvidin),
(12R)-15,16-epoxy-19-nor-neo-cleroda-4,13(16),14-triene-18,68; 20,12-diolide (12-epiteuflin) and (12S,18R)-15,16-
epoxy-68-hydroxy-neo-cleroda-13(16),14-dien-20,12-olide-18,19-hemiacetal (teukotschyn), have been established by
chemical and spectroscopic means. In addition, ursolic acid, the flavones cirsimaritin and cirsiliol, and six previously
known neo-clerodane diterpenoids (teucvidin, teuflin, teuscorodin, teucrin H2, teuscorodonin and montanin D) were
also found in the same plant.

INTRODUCTION

In a previous communication [1] we reported the iso-
lation of a new diterpenoid, isoteucrin H4, and a known
substance, teucrin H4 [2, 3], from the acetone extract of
the aerial parts of Teucrium kotschyanum Poech (syn-
onym T. smyrnaeum Boiss ). Further studies on the same
extract allowed the isolation of ursolic acid, cirstmaritin
(5,4'-dthydroxy-6,7-dimethoxyflavone) [4], cusiliol
(5,3 4'-trihydroxy-6,7-dimethoxyflavone) [ 4], the already
known neo-clerodane derivatives teucvidin (1) [2, 5],
teuflin (2) [2, 6], teuscorodin (3) [2, 7], teucrin H2 [2, 3],
teuscorodonin [2, 7] and montanm D [2, 8], and three
new diterpenoids, 12-epiteucvidin (4), 12-epiteuflin (5) 1 H-10«
and teukotschyn (6), whose structures have now been 2 H-108
established.

RESULTS AND DISCUSSION

The first of the new diterpenoids (12-epiteucvidin, 4),
C,oH,,0;, had an IR spectrum which showed furanic
(3150, 1510, 880 cm™!), y-lactone (1770 cm™!) and «,f-
unsaturated y-lactone (1750, 1600 cm™!) absorptions.
The presence in compound 4 of an «,f-unsaturated y-
lactone group was confirmed by its UV absorption at 4,,,,
221 nm (log £ 405) [1, 5]. The '"HNMR spectrum of
compound 4 was almost 1dentical with that of teucvidin
(1, Table 1), a 19-nor-neo-clerodane diterpenoid whose
structure is well known [5], even by an X-ray diffraction
analysis [9] In fact, the 'H NMR spectra of compounds 1
and 4 showed only small differences in the chemacal shafts
corresponding to the H-10a, H-12, C-11 methylene and R! R2 R3
C-17 methyl protons (Table 1) which, in principle, could

be attributed to an opposite stereochemustry at the C-12 2 : 8: ol (ﬁ) OH
centre in both diterpenoids [ 10, 11]. The above presump- ’

tion was also in agreement with the '3C NMR spectra of 7 H  OAc aH,BOAc
these compounds (1 and 4, Table 2), as marked differences 8 H OAc 0

in the chemical shift of the C-8, C-9, C-10, C-11 and C-13 9 o o
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Table 1 '"HNMR data of compounds 1, 2, 4 and 5 (300 MHz, CDCl,, TMS as nternal

standard)

1* 2 4 5
H-6x 500 bret 574 brddt 502 brddt 551 brdd+t
H-100 327 bret — 337 bri+ ;
H-108 — ~275% - §
H,-11 192 dd § 220dd §
Hg-11 259 dd § 226 dd §
H-12 5361 538 dd S41dd §50¢
H-14 636dd 642 dd 638 dd 639 dd
H-15 746 ¢ .
i }7441 }7471 el %747+
Me-17 1364 1234 1284 1314
J (Hz)
62,7 70 54 85 56
62,78 10.0 127 109 126
86,17 73 73 74 73
10x or f,1a 1 64 §
10 or ﬂ,lﬂ} Wip=145Hz t 64 §
11A.11B 139 § 133 §
11A,12 75 76 68 85
11B,12 82 100 93 85
14,15 19 18 18 18
14,16 08 09 09 09
15,16 ¥ t 18 1

*These data have been specially obtained by us for this work and are 1n complete
agreement with the previously reported values [5]
+Broadened signals due to homoallylic couplings

$Overlapped signal

§These signals were not identified n the spectrum of the mixture of 2 and 5

carbons were observed, whereas the other carbons ap-
peared at almost identical field in both compounds. A
similar behaviour has been pointed out previously [11]
for some pairs of C-12 epimers of neo-clerodane dertva-
tives belonging to the H-108 series

Final proot’on the relattve stereochemistry depicted 1n
4 for the new diterpenoid was achieved by NOE exper-
imments Irradiation of the C-17 methyl protons of com-
pound 4 (6 1.28) produced a 2% NOE enhancement of the
H-12 s1ignal (6 5 41), thus establishing that the C-12 meth-
ine proton and the C-17 methyl protons are on the same
side of the plane defined by the C-20-C-12 lactone ring
[11-13] On the contrary, when the C-17 methyl protons
of teucvidin (1) [5, 9] were wrradiated, no NOE was
observed 1n the signal of its H-12 proton In both cases,
strong and almost 1dentical NOE enhancements were
also produced i the signals of the H-6a and H-10«
protons (Table 3). These results clearly established that
teucvidin (1) and the new diterpenoid (4) possessed an
identical substituted decalin moiety, with ring B.in a
distorted boat conformation in which the C-17 methyl
group 1s pseudoaxially oriented [5] Thus, the structural
difference between these two compounds was the stereo-
chemustry at the C-12 centre Since the C-12 (S) configur-
ation of teucvidin (I) 1s well known [[5, 97, 1t was clear that
compound 4 was the C-12 (R) epimer of this diterpenord
and so, 1t was named 12-epiteucvidin

The neo-clerodane [14] absolute configuration of 12-
epiteucvidin (4) was supported by its specific rotation

values ([«]3? ~1557°, [w]?%,—163.3", [x]22,—1873",
[2]23, — 338 6°, [x]325 — 577 8°), which showed a similar
variation that those of teucvidin (1, [a]3? — 66 3°, [a]22,
~70.2°, [2]33¢ ~818°, [«]33, — 159 1°, [«]325—301 7%
Moreover, biogenetic grounds were also 1n agreement
with this concluston, as all the diterpenoids untif now
1solated from Teucrium species belong to the neo-clero-
dane series [2]

An mseparable mixture of teuflin (2) [2, 6] and 1ts C-12
epimer (5, 12-eptteuflin), in a 2.3 ratio respectively, was
also isolated from T kotschyanum This mixture showed
only one spot on TLC with several solvents and we could
not separate 1t into 1ts constituents even by crystallization
promoted with pure teuflin and by slow sublimation.

Combustion analysis and mass spectrometry estab-
lished that both constituents of the mixture possessed the
same molecular formula (C,4H,,0;).

The 'H and '*C NMR spectra of this mixture showed a
series of signals corresponding to the munor constituent
which were rnigorously 1dentical with those reported for
teuflin (2) [6], whereas the remaming signals of the major
constituent were only compatible with a structure such as
5 (Tables 1 and 2) Effectively, the C-17 methyl protons
resonance of compound § appeared at slightly lower field
than in teuflin (Z, Ad + 0 08), which was in agreement with
a C-12 (R) configuration for the former (5) [10, 11] as the
C-12(8) stereochemustry of the latter (2) 1s well known [ 6]
Moreover, the '3C NMR spectrum of the mixture (Table
2, compounds 2 and 5) showed that the C-8 carbon atom
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Table 2 '3CNMR chemcal shifts of compounds 1, 2, 4, 5 and 7*

C 1 2% 4 5 7
1 20.02 1§ 18761t 19.62 ¢ 19.38 ¢ 23161t
2 2336t 2377 ¢ 22961t 23391 2515¢
3 2138¢ 2339t 2138¢ 22951t 2690¢
4 12775 s 123.67 s 126 70 s 123995 4450d
5 162.24 5 166.25 s 16295 s 16713 s 4815 s
6 76.104 76.714 d 75864d 76604d 7032d
7 3569t 31.83¢ 35761 32791: 3145:
8 3872d 35954d 33.02dJ 392249 33.23d
9 52.09 s 5106 s 5415s 5077s 51205
10 3581d 4323d 33214 40.90 49 4784d
11 3900 ¢ 42801 36.49 ¢ 4294 ¢ 42,63t
12 71944d 71604 71.324d 7171d 7331d
13 125225 124.32 s 12365 s 12474 5 125.24 s
14 10791d 107.89 4 107.98 4 107.83d 108.06 d
15 14439 4 14438 4d 144324 14438 d 14418 4d
16 13946 d 139924 139984 13974 d 139544
17 14304 17.65¢ 1484 g 1893 ¢ 1652 ¢
18 17259 s 17378 5 17266 s 173.84 s 10261d
19 — — — — 7178¢
20 177.64 5 17596 s 176.80 s 176.51 s 17691 s
OAc — — — — 17105 s
— — — — 16987 s
— — — — 2144 g
— — — — 2135¢

*1In dvalues from TMS, at 75.4 MHz, 1n CDCl, solution.

+These data have been specially obtained by us for this work and are 1n
complete agreement with the previously reported values [20, 21].

1 These values are 1dentical with those previously reported [6].

§SFORD multipheity

|| These assignments may be interchanged.

9 These assignments may also be interchanged, but those given here are
considered to be the most likely

Table 3. NOE enhancement (%) by irradiating the Me-17 protons of compounds

1,4and 6
Compound dMe-17 H-6a H-10a H-12 H-14 H-16
1 1.36 7 9 0 2 1.5
4 128 75 9 2 0 0
6 098 0* — 0 28 0.8

*In compound 6 the H-6x proton and the Me-17 group are in a 1,3-diequatonial
relationship and, consequently, widely separated for causing an NOE

resonance of the major constituent (5) was downfield
shifted (Ad + 3 27) and that the C-10 carbon atom res-
onance was upfield shifted (Ad —2.33) with respect to
those of teuflin (2), whereas the remaining signals ap-
peared at almost identical field in both compounds (Table
2) and the small differences n their chemical shifts were in
complete agreement with those reported for teucvin and
its C-12 epimer [11], two 19-nor-neo-clerodanes be-
longing to the H-108 series.

From the above data, it was evident that the mixture
consisted of teuflin (2) [6] and a new diterpenoid, 12-

epiteuflin (5), which differs from teuflin only 1n 1ts stereo-
chemistry at C-12. The posstbility that compound 5 could
be a C-6 and/or a C-10 epimer of 2 was also considered
but was discarded because two of these epimers, teucvidin
(1) [5] and teucvin (H-68 teuflin) [2, 5, 11], are known and
they show large 'H and '3C NMR spectroscopic differ-
ences from teuflin (2) and 12-epiteuflin (5).

Although the absolute stereochemistry of the con-
stituents of this mixture was not ascertained, it is reason-
able to assume that both compounds possess a neo-
clerodane absolute configuration [14], as all the diterpen-
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Table 4 'HNMR data of compounds 6
and 7 (300 MHz, CDCl,, TMS as internal

standard)

6 7
H-4p * 227ddti
H-6x 442¢ 539¢
H-108 * 2.18 dd
H,-11 236dd 2.38 dd
Hj-11 246dd 248 dd
H-12 532¢ 534
H-14 639 dd 639dd
H-15
H-16 744+ 745%
Me-17 098d 097d
H-18x 5025 571
H,-19 3otd 400d
Hg-19 420d 4284d
OAc - 2105

— 200s
J (Hz)
48,30 t 961
48,35 + 57%
60,7 23 32
62,78 23 32
8,17 66 66
108.1x T 111
106,18 + 20
11A,11B 140 140
11A,12 8.9 89
11B,12 8.4 84
14,15 16 16
14,16 11 11
15,16 + i
180,48 0 0
19A,19B 102 108

*These signals were not identified

+Overlapped signal

1 This signal and 1ts coupling constants
were observed in the NOE differential
spectrum of compound 7 (see discussion of
results)

oids 1solated from Teucrium species [1. 2], including
teuflin (2) tself.

The last of the new diterpenoids isolated from T
kotschyanum has been named teukotschyn (6) and its
molecular formula was C,,H,cO4 The IR spectrum of
this substance showed hydroxyl (3430 cm™!'), furanic
(3150, 3120, 1510, 878 cm ™ ') and y-lactone (1765 cm™!)
absorptions. The 'H NMR spectrum of teukotschyn (6,
Table 4) was very similar to that of teuscorodin (3) [7]
with characteristic signals for a S-substituted furan ring, a
y-lactone group between the C-20 and C-12 positions, a
secondary methyl group (Me-17) and a C-18-C-19 hemi-
acetalic ring. In addrtion, the 'H NMR spectrum of
teukotschyn (6) showed a one-proton triplet at 5442
(J = 2.3 Hz) which must be attributed to the equatorial
proton geminal to a C-6f hydroxyl group [2, 15]. This
suggested that the new diterpenoid was identical with
teuscorodin (3) except in the functionality at the C-6
posttion

F SIMOES er al

Acetic anhydnde-pyridine treatment of teukotschyn
(6) yielded the diacetyl derivative 7, the "H NMR spec-
trum of which (Table 4) showed paramagnetically shifted
the signals of the H-6x and H-18x protons (at 65 39 and
571, respectively). Comparison between the '>C NMR
spectra of the derivative 7 (Table 2) and acetylteuscorodin
(8) [ 7] clearly revealed that compound 7 possessed a C-6f
acetoxyl group istead of the C-6 ketone function of 8,
since the C-8 and C-10 y-carbons and the C-5 and C-7 -
carbons appeared at higher field in compound 7 than in 8
(A8 —8.17. —-376, — 1175 and 10 15, respectrvely)

The signal of the hemiacetalic proton of teukotschyn (6.
0502) and 1ts diacetate (7, 65 71) appeared as singlets,
without coupling with the H-4f proton, as in the case of
teuscorodin (3) [7] However. it 1s reported [7] that
acetylteuscorodin (8) shows a doublet (J,5 45 = 5 Hz) for
1ts H-18x hemiacetalic proton This different behaviour of
compounds 3 and 8 has been explamed [7] considering
that in the derivative 8 the C-18f acetate-C-6 ketone
steric interactions force the C-18-C-19 hemiacetalic ring
to adopt a conformation mn which the H-18x-H-4f8
dihedral angle 1s larger than 907, whereas in compound 3
1t 1s close to 90°  Although these reasons were applicable
to teukotschyn (6) and 1ts diacetate 7, since in the latter
compound the steric interactions between the C-188 and
C-6f acetates are not of importance, we considered that
the location and the stereochemistry of the hemiacetalic
ring of teukotschyn required further support, and this was
achieved as follows

When the H-18 proton of compound 7 (6571) was
irradiated under the conditions of the NOE experiment, a
noticeable NOE enhancement (11%) was observed in an
overlapped signal at 6227, besides a minor NOE en-
hancement in the H,-19 proton (at 84 00, 1%) The NOE
differential spectrum of compound 7 clearly showed that
the signal at 62 27 was a double doublet (J, =9.6 Hz, J,
= 5.7 Hz) 1dentical with that of the H-4f proton of
teuscorodin (3, 8267 dd, J, =9 Hz, J, = 6 Hz) [7] This
result firmly established that the hemiacetal group of
teukotschyn was at C-18 and not at the C-20 position,
and also that 1ts configuration was the same as that in
compound 3.

The above conclusion was also 1n agreement with the
chemijcal shift of the H-12 and C-19 methylene protons of
teukotschyn (6, at 4532 and an AB system centred at
04 05, respectively, Table 4), since in compounds having a
C-20-C-12 hemacetalic ring or a C-18-C-19 y-lactone
group these protons appear at 4.95-520 [2, 16] and
04 50-4 65 [2, 7], respectively

Nuclear Overhauser effect expertments established a
cis-relationship between the Me-17 and the furan ring of
teukotschyn (6) Irradiation at 1ts C-17 methyl protons
signal (60 98) caused NOE enhancements 1n the signals of
the H-14 (06 39, 2 8%) and H-16 (37 44, 0.8%) protons,
whereas no effect was observed in the signal of the H-12
proton (35 32, Table 3) Thus, teukotschyn (6) had a C-12
(S) configuration [ 12], if its absolute configuration was of
neo-clerodane [14]

Finally, treatment of teukotschyn with chromium
trioxide—pyridine yielded a compound (9) identical 1n all
respects (mp, mmp, [o]p, IR, '"H NMR, mass spectrum)
with 6-ketoteuscordin, previously 1solated from Teucrium
scordium [2, 17] and known as synthetic derivative of
teucrin E [18], teucrin H2 (teuchamaedryn B) [19] and
teuscorodin (3) [7] This result established a neo-clero-
dane absolute stereochemustry [14] for teukotschyn and



neo-Clerodane diterpenoids from Teucrium kotschyanum

confirmed all the above conclusions on the structure (6) of
this new diterpenoid.

From a biogenetic point of view 1t is of interest to note
that Teucrium kotschyanum is one of the few species
belonging to the Teucrium genus in which neo-clerodane
diterpenoids of the C-12 (R) series have been found [2].

EXPERIMENTAL

Mps uncorr Plant materials were collected m July 1987, at
Cedars Valley, Cyprus, 10 km east of Stavros, and voucher
specimens were deposited in the Herbarium of the Botanic
Gardens of Camerino and Catania, Italy

Extraction and isolation of the constituents Dried and finely
powdered T kotschyanum aenial parts (500 g) were extracted x 3
with Me,CO (51) at room temp for 1 week After filtration the
solvent was evapd yielding a gum (36 g) which was repeatedly
chromatographed over silica gel (Merck, No 7734, deactivated
with 15% H,0) dry columns with n-hexane-EtOAc mixtures as
eluents, yielding the following compounds 1n order of increasing
chromatographic polanity teucvidin (1, 28 mg) (5], 12-epiteucvi-
din (4, 16 mg), a mixture (30 mg) of teufin (2) [6] and 12-
epiteuflin (5), teuscorodin (3, S0 mg) [7], ursolic acid (3 mg),
teucrin H2 (20 mg) 3, 19], the flavone cirsimaritin (15 mg) (4],
teuscorodonin (500 mg) [7], 1soteucrin H4 (22 mg) [ 1], montanin
D (130 mg) [8], teukotschyn {6, 43 mg), teucrin H4 (110 mg) [1,
3] and the flavone cirsiliol (12 mg) (4] The previously known
compounds were identified by their physical (mp, [a]p) and
spectroscopic (IR, UV, "H NMR, MS) data and by comparison
(mmp, TLC) with authentic samples

12-Epiteucvidin (4) Mp 190-194° (EtOAc-n-hexane), [o]2?
—1557° (CHCl;, ¢ 0158), IR vXB cm™!- 3150, 1510, 880 (furan
ning), 1770 (y-lactone), 1750, 1600 (x,f-unsaturated y-lactone),
2950, 2880, 2860, 1455, 1390, 1350, 1320, 1240, 1210, 1185, 1175,
1160, 1085, 1070, 1040, 1030, 1005, 995, 970, 940, 810, 740, 690,
UV 440 nm (log ). 221 (4 05), 230 (3 93), 240 (3 56); 'TH NMR
(300 MHz, CDCl,) see Table 1, 13C NMR (754 MHz, CDCl,)
see Table 2, EIMS (direct inlet) 70 eV, m/z (rel nt.) 328 [M]™* (9),
313 (2), 300 (0 5), 285 (0.5), 283 (0 7), 234 (9), 205 (7), 161 (5), 105
(6),95(23),94 (100,91 (9), 81 (7), 79(10), 77 (10), 41 (6). (Found: C,
6936, H, 623 C,,H,,0, requires C, 69 50, H, 6 14%.)

Mixture of teuflin (2) (6] and 12-epuiteuflin (5). An amorphous
solid, IR vEBrcm ™! 3150, 1510, 878 (furan rings), 1760 br (y-
lactones and a,S-unsaturated y-lactones), 2950, 2880, 1460, 1390,
1325, 1210, 1180, 1155, 1025, 968, 730 'HNMR (300 MHz,
CDCl,) see Table 1, '3C NMR (75 4 MHz, CDCl,); see Table 2
EIMS (direct inlet) 70 eV, m/z (rel 1nt) 328 [M]* (35), 313 (7),
300 (6), 283 (19), 233 (67), 201 (38), 189 (19), 161 (23), 105 (22), 95
(100), 94 (30), 91 (37), 81 (45), 79 (33), 77 (38), 55 (16), 41 (7).
(Found C, 6963; H. 609 Calc for C,,H,,0, C, 6950;
H, 6.14%)

Teukotschyn (6) An amorphous sohd which melted at
95-105° [a]3?—57° (CHCl; ¢ 0.317), IR vEBcem™!. 3430
(hydroxyi groups), 3150, 3120, 1510, 878 (furan ring), 1765 (y-
lactone), 2940, 2870, 1480, 1460, 1450, 1390, 1320, 1212, 1185,
1160, 1150, 1075, 1060, 1025, 1000, 960, 930, 800; 'H NMR
(300 MHz, CDCl,). see Table 4, EIMS (direct iniet) 70 eV, m/z
(rel nt)y 362 [M]* (4), 344 (71), 326 (9), 314 (9), 271 (13),250 (33),
222(23),179(24), 161 (32), 159 (21), 147 (22), 136 (22), 133 (21), 123
(25), 107 (21), 105 (35), 95 (100), 94 (52), 91 (51), 81 (62), 77 (29), 55
(27), 41 (42) (Found C, 66.41, H, 717 C,,H,,0( requires C,
6628; H, 723%)

Diacetylteukotschyn (7). Ac,O-pyridine treatment of 6 (15 mg)
48 hr at room temp yelded the derivative 7 (12 mg after
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crystalization from EtOAc-n-hexane): mp 136-138°% [«]32
—58.3° (CHCY,, ¢ 0.024), IR vKB cm~1: 3140, 1507, 875 (furan
ring), 1765 (y-lactone), 1745, 1735, 1250 (acetates), 2960, 2860,
1445, 1380, 1210, 1185, 1160, 1145, 1025, 995, 930; 'H NMR
(300 MHz, CDCl,): see Table 4; 13C NMR (75 4 MHz, CDCl,).
see Table 2, EIMS (direct inlet) 70 eV, m/z (rel mt.): 446 [M]* (2),
387(14), 386 (28}, 326 (19), 271 (28), 232 (24), 231 (29), 122(20), 121
(26), 105 (21), 96 (76), 95 (66), 94 (26), 91 (44), 81 (66), 79 (27), 77
(26), 55 (21), 43 (100). (Found C, 6463; H, 6.68. C,,H;,0,
requires C, 64 56, H, 6.77% )

6-Ketoteuscordin (9) from teukotschyn (6). CrO;—pyndine oxi-
dation of 6 (20 mg) 1n the usual manner yielded a compound
[13mg after crystalization from EtOAc-n-hexane, mp
204-206°, [a]3* + 38.8° (CHCl;; ¢ 0.231)] identical in all respects
(IR, '"HNMR, MS) with 6-ketoteuscordin {9 Lt. [7] mp
203-205°, [a]3* + 38.4° (CHCl,, ¢ 0.375)]. Comparison (mmp,
TLC) with an authentic sample also confirmed this identity.
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