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Abstract—The aerial parts of Teucrium yemense yielded four new neo-clerodane diterpenoids, namely, 6f-0-acetyl-
3B-hydroxyteucroxylepin, teucryemin, 19-O-acetylteucryemin and teucryeminone, in addition to the known flavone
cirsiliol. The structures of the new compounds were elucidated from their spectral data, by chemical derivatization

and by comparison with closely related compounds.

INTRODUCTION

Diterpenoids of the genus Teucrium have been the subject
of numerous phytochemical investigations, due to their
diverse biological activities [1]. Teucrium yemense Defl.
grows widely in the southern part of Saudi Arabia. Ex-
amination of the aerial parts of this plant led to the
isolation and characterization of four new neo-clerodane
diterpenes, which are the subject of this paper.

RESULTS AND DISCUSSION

The EtOAc extract of the aerial parts of 7. yemense
was partitioned between MeCN and n-héxane.
Chromatography of the MeCN fraction using a combi-
nation of column chromatography (silica gel) and centri-
fugal preparative TLC (Chromatotron®), led to the isola-
tion of four new neo-clerodane diterpenes.

Compound 4, C,,H,;0;, gave rise to a ‘HNMR
spectrum (Table 1) that suggested a structure closely
related to 3-O-desacetylteugracilin A (7), a neo-clerodane
diterpenoid isolated from T. gracile [2]. The only differ-
ence being that compound 4 has an acetyl group at C-6
instead of C-19. The presence of an acetyl group at C-6 in
4 caused a downfield shift of the respective proton (65.92,
d, J = 2.2 Hz) relative to that of 7 (64.16) [2]. The H-19
protons of compound 4 appeared as two double doublets
at §5.07 (J = 12.8, 4.3) and 4.54 (J = 12.8, 5.2 Hz) due to
further coupling with the OH group. Acetylation of
4 yielded the acetate 6, which was identical with the
acetylation product of teugracilin A [2], thus confirming
the structure and stereochemistry of 4, which we have
named teucryemin.

Compound §, C,,H,,0,, was found to have the same
general NMR features as 4, but its H-19 protons ap-

*Author to whom correspondence should be addressed.

peared as two down-field doublets, suggesting the pres-
ence of an acetate group at C-19 (see Tables 1 and 2). Its
structure was firmly established by correlation with 4.
Thus on acetylation it gave the same product, namely, 6.

Compound 1, C,,H,30,, gave rise to 'H and
1I3CNMR data that were very close to those of teu-
croxylepin (2), a diterpenoid isolated from Teucrium oxy-
lepis subsp. marianum [3]. The fact that lactonization
occurred between C-19 and C-20 was shown by compari-
son of the chemical shift values of C-12, C-19 and C-20, at
463.3,70.9 and 171.7, respectively, with those of 2, as well
as other similar compounds [4-6].

A significant difference between 1 and 2 was the pres-
ence of an equatorially-disposed hydroxyl group at C-3
of 1, as indicated by the 'HNMR (DMSO-d,) signal at
63.92 (dd, J = 11.8, 5.2 Hz, H-3«). Also, while C-6 in 2 is
hydroxylated, the H-6a 'H NMR signal of 1 at §4.61 (br ,
J = 3.6, 3.6 Hz) suggested the presence of an axial acetate
group, instead. Comparison of the '*C NMR data of 3,
the diacetyl derivative of 1, to those of the diacetyl
derivative of teucroxylepin [3], added further support to
the structure of 1, since the only observed differences
were for the C-1, C-2, C-3, C-4, C-5 and C-18 carbon
resonances, due to the hydroxylation of C-3. The struc-
ture of compound 1 was further confirmed by correlation
with compound 4. This was accomplished by treating
compound 4 with K,CO, [3], followed by acidification
then acetylation to give a product indistinguishable from
3. Therefore, compound 1 is 6p-O-acetyl-38-hy-
droxyteucroxylepin.

Compound 8, C,,H,;0,, showed almost identical 'H
and '1*CNMR spectra to 9, the reported acetylation
product of teulepicin [2, 6]. While most signals had
almost identical chemical shift values, it was observed
that the proton chemical shift value of the Me-17 group
was at a slightly lower-field position in 8 than in 9. More
remarkably, the carbon chemical shift values of C-8, C-9
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1 Ry=0H, Ry=Ac, Ray=H
2 R1=R2=R3=H
3 R1 =0Ac, R2=R3=Ac

CH,0R,

Ry=Ry=H, Ry=Ac
Ry=H, R,=Rj=Ac
R;=R,=Ry=Ac
Ry=R3=H, Ry=Ac

~N o v oa

and C-13 were at lower field values in 8 than 9 [2], while
that of C-10 was more deshielded in 9 than 8. Further-
more, Compound 8 was found to have different physical
data from those of 9: [a], = + 9.6° (CHCl,, ¢ 0.224) and
mp 136-138° (EtOAc-n-hexane), [«]3® = + 36.6°
(CHCl,, ¢ 0.172) and mp 189-190° (EtOAc-n-hexane),
for 8 and 9 [6], respectively.

The above differences in the chemical shift values be-
tween 8 and 9 suggested that the two compounds were
epimeric at C-12, as previously shown in related com-
pounds [7-9]. This would require compound 8 to have
a 12R configuration. This was substantiated by studying
the NOESY spectra, which clearly indicated that H-12
and H-17 were on the same side of the molecule [5, 7, 8].
Also, irradiation of the Me-17 protons of 8 produced
about a 5% enhancement of the intensity of the H-12
proton [7, 8]. As a control, similar NOE studies were
performed on compound 4, but no enhancement of the
H-12 signal was observed, instead there was enhance-
ment of the H-14 furanic proton at §6.64, as previously
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reported [5, 7] for other 128 diterpenes. Compound 8 has
been named teucryeminone.

The presence of diterpenoids with different stereo-
chemistry at C-12 in the same plant is not uncommon, as
it has been previously reported in other species of the
genus Teucrium, namely, T. montanum [10] and T.
pyrenaicum [9].

EXPERIMENTAL

Mps: uncorr,; IR: KBr and thin film; '‘H and
13C NMR: 300 and 75 MHz, respectively, in CDCl, (un-
less otherwise stated), TMS as int. standard; standard
Varian software was used for 2D NMR COSY,
HETCOR and NOESY (using 500 MHz), which aided
structural assignments; EIMS: 70 e¢V; [a]p: at ambient
temp., centrifugal preparative TLC (CPTLC):
Chromatotron® instrument, Harrison Research Inc.,
model 7924, silica gel P,,, plate (4mm, flow rate
4 mimin~'); TLC: silica gel 60 F,,,, CHCl;-MeCN
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Table 1. "H NMR spectral data (300 MHz, CDCI,, unless otherwise stated) and coupling constants
(in Hz) for diterpenoids 1, 3-6 and 8

H 1 3 4* 5 6 8
3a 4.03% 5.19 dd 488 dd 4.35 dd 5.28 dd 5.441
6 4.61 brt 4571t 592d 512brd 507brs —
Ta 1.53 td 1.53 td 1.87 m 1.80 m 1.65m 3.33:
78 1.93 dt 1.97 dt 244 m 218 dt 228 m 214 m
8p 221 m 224 m 1.97m 184 m 187 m 215m
108 295 dd 2.60 m 260 m 227 dd 2.36 dd 202m
11A 220 dd 2.55 dd 252 dd 242 dd 247 dd 235dd
11B 242 dd 2.61 dd 2.59 dd 2.51 dd 2.50 dd 2.56 dd
12 486 brd 6.07 dd 560t 5391t 5381t 540t
14 644 m 6.41 dd 6.62 m 638 m 6.38 dd 6.36 dd
15 741 m 7.38 dd 7.69 dd 743 743 ¢t 745 m
16 744 m 744 m 784 m 745 m 745 m 746 m
17Me 083d 0.84 d 099 d 098 d 097d 1.18d
18A 249 dY 249 49 3.19 d** 2.84 dY 2.70 d¥ 2.60 a9
18B 3.23 a** 3.10 g** 3.35 49 2.88 d** 2.88 d° 3.25 d**
19A 4.00 4 403d 4.54 dd 486d 4.74 d 481d
19B 464 4 469 d 5.07 dd 498 d 480 d 550d
OAc 213 s 212s 210 s 207 s 208 s 205 s
— 206 s — 209 s 2.06 s 198 s
— 202 s — — 1.99 s —
OH - — 6.77brd — — —
—_ — 5.76 ¢ — — —
J (Hz)
3a, 20 § 4.5 5.1 35 4.5 §
3a, 28 § 11.2 9.8 11.7 10.7 §
6o, Tx 3.6 2.5 2.2 2.1 — —
6a, 78 36 25 § § § §
Ta, 88 § 12.2 § § § 14.0
78, 88 40 4.3 § § § 36
88,17 6.8 6.8 6.7 6.7 6.6 6.5
108, 1a 12.8 § § 13.2 13.1 §
108, 18 43 § § 45 37 §
11A, 11B 16.1 16.5 14.2 14.2 144 14.0
11A, 12 9.3 10.0 8.6 8.6 8.7 8.7
11B, 12 31 3.0 8.7 8.6 8.5 8.7
14, 15 § 19 1.6 1.7 1.7 1.8
14, 16 § 0.8 0.7 0.8 0.8 1.0
15, 16 § 1.8 1.7 1.7 1.8 1.9
18A, 18B 4.0 4.1 6.0 52 52 59
19A, 19B 13.9 140 127 13.2 13.0 134
19A, OH — — 43 — — —
19B, OH — — 5.5 — —

*Spectrum run in pyridine-d;.

+Signal resonated as double doublet (63.92, J = 5.5, 11.8 Hz) in DMSO-d,, other signals are
comparable to those in CDCI, spectrum.

}Signal resonated as double doublet (65.63, J/ = 5.3, 12.0 Hz) in C,D, other signals are compar-
able to those in CDCI, spectrum.

§Overlapped signals (J = unresolved).

€Exo hydrogen with respect to ring [2].

**Endo hydrogen with respect to ring [2].

(6:4) as solvent system, with visualization using p- Isolation of the diterpenoids. The dried ground aerial
anisaldehyde/H,SO, as spray reagent. parts (650 g) were percolated with EtOAc (10 ) at room

Plant material. The aerial parts of Teucrium yemense temp. The EtOAc extract (28.5 g) was partitioned be-
Defl. [11] were collected in Abha, Saudi Arabia, in Au- tween MeCN and n-hexane. The MeCN fraction (10 g)
gust 1993. A voucher specimen was deposited in the was chromatographed on a silica gel column (type 60,
herbarium of the College of Pharmacy, King Saud Uni- 190 g) and eluted with n-hexane-EtOAc (1:9) yielding
versity, Riyadh, Saudi Arabia. three frs, namely fr. A (0.83g), fr. B (1.39g) and fr.
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Table 2. '>C NMR data (75 MHz, CDCl,, unless otherwise stated) for diterpenoids 1, 3-6

and 8*
C 1 3 41 5 6 8
1 233 ¢ 225¢ 25t 2211t 215¢ 211t
2 309 ¢ 29.1¢ 31.7¢ 319¢ 309 30.6 ¢
3 674 4d 68.2d 66.5d 66.0 d 68.6 d 66.2 d
4 622s 594 s 66.2 s 639 s 620 s 620 s
S 404 s 40.6 s 469 s 543 s 452 s 536 s
6 703 4d 69.9 d 70.6 d 69.6 d 69.9 d 2055 s
7 327 323¢ 3381t 306¢ 2951t 436t}
8 3054 30.34d 33.3d 33.14d 33.0d 433 d
9 494 s 490d 52.2d S1.7d 51.5d 519d
10 386d 375d 4754d 47.1d 46.0 d 526d
11 3631 329 448t 451¢ 44.7 ¢ 435t
12 6334d 643d 72.1d 718d 71.7d 718d
13 130.1 s 1255 s 1263 s 1250 s 1250 s 1249 5
14 108.3 d 108.6 d 108.9 d 1079 d 1079d 1078 d
15 1438 d 1436 d 1448 d 1442 d 1442 d 1445d
16 1385d 139.8 d 140.6 4 139.0d 13954 139.2d
17 16.1 g 159 ¢ 16.5 q 160 g 16.1 q 174 q
18 484 1 488 ¢t 454 ¢ 450t 463 ¢ 424 ¢
19 709 ¢ 70.6 t 61.7 ¢ 62.2 ¢ 628 ¢t 62.8 ¢
20 1717 s 170.7 s 177.6 s 176.7 s 1764 s 1758 s
OAc 1698 s 169.7 5 169.7 s 170.8 s 170.7 s 1710 s
-— 169.5 s — 169.0 s 169.2 s 1694 s
-— 169.5 s —_ — 168.8 s —
215¢ 213 ¢ 215¢q 216 q 214 q 208 q
— 211 ¢ — 2114 209 g 20.7 q
— 209 g — — 209 ¢ —

*Multiplicities of the carbon signals of all compounds were determined by APT and DEPT

experiment.
tSpectrum run in pyridine-d;.
tInterchangeable signals.

C(0.98 g). Fr. A, on concentration, gave 105 mg of a yel-
low solid, mp 295-296°, (lit. mp 279°C [12]), which was
identified as cirsiliol by direct comparison with an auth-
entic sample. Fr. B (1 g) was subjected to CPTLC (4 mm
silica gel plate) using toluene-EtOAc-HOAc (65:35:1)
as eluent to afford teucryeminone (8) (75 mg, R ;0.56),
followed by fr. B-1 (270 mg), containing a mixture of
1 and 5. This mixture was separated by reversed-phase
CC using MPLC over RP C-18 (2540 ym, flow rate
5 mlmin™') using MeOH-H,O (1 : 1) as the solvent sys-
tem to give 6f-O-acetyl-38-hydroxyteucroxylepin (1)
(150 mg, R;0.27), followed by 19-O-acetylteucryemin (5)
(45 mg, R, 0.34). Fr. C, on the other hand, afforded teu-
cryemin (4) by crystallization from Me,CO (260 mg,
R, 0.13).

6B-O-Acetyl-3f-hydroxyteucroxylepin (1). Pale yellow
gum; [o}, —67.3° (CHCly, ¢ 0.224). IR v, film, cm ™1
3450 (br OH), 1720 (3-lactone); 'H and '3*C NMR: Tables
1 and 2; EIMS m/z (rel. int). 420 [M]* {6) and 360
[M — HOAc]* (12).

Teucryemin (4). Needles from Me,CO, mp 199-200°;
[«]p — 23° (MeOH, ¢ 0.106). IR vXEr cm~!: 3460 br

(OH), 1760 (6-lactone); *H and '3*C NMR: Tables 1 and 2;
EIMS m/z (rel. int.): [M]* absent, 402 [M-H,0]"* (0.4), 372
[M-CH,0-H,0]" (2.5) and 342 [M-HOAc-H,0]" (2).

19-O-Acetylteucryemin (5). Needles from CHCl,;~
MeOH, mp 178-180°% [a], + 5.5° (MeOH, ¢ 0.108).
IRvEBrcm™!: 3450 br (OH), 1735 (d-lactone), 1715
(OAc), 1235; 'H and '3C NMR: Tables 1 and 2; EIMS
m/z (rel. int.): [M]* absent, 389 [M-CH,OAc]" (0.5) and
342 [M-2 xHOAc]* (2).

Teucryeminone (8). Needles from n-hexane-EtOAc, mp
136-138°% [«]p + 9.6° (CHCl;, c. 0.224). IRvXBrem—1t:
1735 (é-lactone), 1715 (OAc), 1235; 'H and *CNMR:
Tables 1 and 2; EIMS m/z (rel. int.);: 460 [M]* (3).

Acetylaton of compounds 1, 4 and 5. Compounds 1,
4 and 5 (30 mg each) were treated separately with 5 ml
pyridine and 2.5 ml Ac,O at room temp. for 12 hr. Regu-
lar work-up of the reaction mixture of 1 yielded com-
pound 3 as plates (25 mg), while compounds 4 and 5 af-
forded the same compound 6 as needles (27 mg each).

3B-Acetoxy-68, 125-O-diacetylteucroxylepin (3). Plates
from CHCl;-MeOH, mp 202-203°; [«], — 33° (CHCl,,
¢ 0.21); IR vEBr cm ~1: 1735 (5-lactone), 1720 (OAc), 1230;
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'H and '*C NMR: Tables 1 and 2; EIMS m/z (rel. int.):
[M]" absent, 462 [M-C,H,0]" (0.7).
3B,19-O-Diacetylteucryemin (6). Needles from CHCl;—
MeOH, mp 119-121°; [a], — 9° (CHCI,, ¢ 0.33) lit. [2]
mp for an amorphous solid 85-95°, [a], — 9.9° (CHCl,).
IR vEBrcm~!: 1750 (5-lactone), 1720 (OAc), 1230; 'H and

13CNMR: Tables 1 and 2; EIMS m/z (rel. int: [M]*
absent, 342 [M — 2 x HOAc-C,H,0]"* (0.1).
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