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Abstract—Two new neo-clerodane diterpenoids, scutalpins N and O, have been isolated from Scutellaria
alpina, together with six previously known neo-clerodanes. The structures of scutalpin N (19-acetoxy-6 a-
benzoyloxy, 4a, 18-epoxy-8 f hydroxy-neo-clerod-13-en-15,16-olide) and scutalpin O (115,138, 15R and S,
16R)-6 o-acetoxy-19-isobutyroyloxy-neo-cleroda-15,16-hemiacetal) were established by chemical and spec-
troscopic means and by comparison with related compounds. ) 1998 Elsevier Science Ltd. All rights

reserved

INTRODUCTION

In previous communications [I, 2] we have described
the isolation of three neo-clerodane diterpenoids
from the aerial parts of Scutellaria alpina. In our
search for new neo-clerodane diterpenoids [3-7], we
have re-investigated the aerial parts of this species
and isolated the previously isolated scutalpins A,E
and F, together with minor quantities of scutalpin
L (1) [8], scutecyprol A (2) [9], scutorientalin E [7]
and the new diterpenoids scutalpin N (3) and scu-
talpin O (4). We report here on the isolation and
structure elucidation of these compounds.

RESULTS AND DISCUSSION

Scutalpin N (3) was assigned the molecular for-
mula CygH3404. Its IR spectrum showed bands for
hydroxyl (3475e¢m™), «, p-unsaturated y-lactone
(1782, 1636 cm™), acetoxyl (1742, 1241 cm™') and
benzoate groups (3058, 1728, 1600, 1587, 714 cm‘"').
The 'H and '>C NMR spectra (Tables 1 and 2)
revealed the existence of an acetoxyl group (4 2.11
s, 3H, 6¢ 171.0 5, 21.6q) and a benzoyloxy substitu-
ent [(8 7.99 dd, 2, 3'; 7.39 ¢ 3,5 and 7.52 11, 4
OCOPh ¢ 130.6 s (C-1") 129.6d (C-2'.6'),128.0 d(C-
3.5) and 132.7 4 (C-4")], together with the charac-
teristic signals of a neo-clerodane diterpene [(§ 0.92
s Me-20; 20.7 g C-20), having a 4x«, 18-oxirane (J
3.06 dd. Jyem=4.0 Hz: Ji4p, 3,=2.2 Hz, and 2.26 d,

*Author to whom correspondence should be addressed.

H2-18; d6c 646 s (C-4) and 485 1 (C-
18)] [3.5.7,8,13]. The tertiary hydroxyl group of 3
must be at the C-8 f position, because Me-17
appeared as a singlet and was paramagnetically
shifted to dy 1.12 5 [§¢ 21.3 ¢ (C-17) and ¢ 76.5 s
(C-8)] [3,7,8]. The above spectral data were almost
identical with those of scutalpin L (1), a neo-clero-
dane diterpene recently isolated from S. alpina col-
lected in Italy [8]. In fact the observed differences
were consistent with the presence in the former of a
C-7 methylene group instead of the benzoyloxy sub-
stituent of the latter [8].

The relative stereochemistry of all the asymmetric
centres of 3 was firmly established from the
NOESY spectrum. The H-6 f proton (6 5.17)
showed NOE cross-peaks with Hg-18 and H-10p.
Moreover the Me-20 protons showed NOEs with
Me-17 and Hg-19, consequently scutalpin N (3)
possessed the same stereochemistry as scutalpin L
(1) [8] and had the structure depicted in 3.

The second diterpenoid, scutalpin O (4,
Cy6H4004), was homogeneous on TLC. Its 'H
NMR spectrum showed essentially the same signals
as those present in the '"H NMR spectrum of the

scutecyprol A (2), a neo-clerodane diterpene
recently isolated from Scutellaria cypria var.
cypria  [9] and in the present study (see

Experimental). The observed differences in the 'H
NMR spectra of 2 and 4 were consistent with the
presence in 4 of an isobutyroyloxy group [éy 1.19
d, 1.23 d and 2.57 sept. Jy3=Jy4=7.0Hz] and
only one OAc group (6 195 5, 3H), instead of
the two OAc groups of 2. Oxidation of the C-15

2449



2450

P. Y. MaLakov and G. Y. PAPaNoV

Y :
Y R
4 ,5_ = D 18 ;é-_ OAc
193 o 196HzOR
OAc
= 1
1.R=0Bz R R R2
3.R=H
2 Ac H OH (R and S forms )
p
4. \{
, H OH(Rand S forms )
o)

hemiacetal function of 4 (see Experimental) yielded
the derivative 5 (Cy6H350s3).

The IR and 'H NMR spectra of this substance
revealed the presence of a y-lactone moiety [vco
1786 cm™', downfield resonance of the H-16 proton
(0 6.04d), C-14 methylene protons as the AB part
of an ABX system (Table 1)] {2,4, 10]. The location
of the acetyl and isobutyroyloxy substituents in scu-
talpin O (4) was established by comparison of the
"H NMR spectrum of 5 with the derivative (6) of
scutecyprol A (2). A careful analysis showed that
the Ha-19 proton of 5 was paramagnetically shifted
(Appm +0.11), whereas 19 Hy was diamagnetically
shifted (Appm —0.28) in comparison with those of

o)

6. The remaining signals resonated at an almost
identical field in both compounds (Table 1), thus
suggesting that the isobutyroyloxy substituent of
the new diterpenoid (4) was attached to the C-19
carbon.

The absolute configuration of 3 and 4 was not
ascertained. However, on biogenetic grounds it may
be supposed that 3 and 4 belong to the neo-clero-
dane series [11] like the other diterpenoids isolated
from Scutellaria species whose absolute configur-
ation has been established from X-ray diffraction
analysis [1, 12].

It is noteworthy that from S. alpina growing in
Bulgaria, we isolated several 13-spiro neo-clerodane
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Table 1. '"H NMR spectral data of compounds 3, 5 and 6 (250 MHz. CDCl;, TMS as int. standard)*

H 3 5 6"~ Appm J (Hz) 3 5
6f3 517 dd 4.69 dd 4.67 dd -0.02 6.7 10.2 11.1
108 242 m a — 68.78 48 5.8
Hlx — 4.12 dd 4.11 dd —0.01 Hal2A 11.3
2B 3.02m” a I, 12B 5.1
13(fin3) 581 m 3.7 m 318 m +0.01 136.14A — 39
14A - 2.38 dd 2.39 dd +0.01 135.14B — 10.6
14B — 2.88 dd 2.89 dd +0.01 14A,14B — 18.7
16A 138.16 — 5.6
(fin5) 4.76 s br 6.04 d 6.04 d 0
16B 19A.68 <0.4
Me-17 1125 0.86 o 0.86 d 0 17.85 -~ 6.2
18A" 226d 220 d 2204 0 18A.18B 4.0 4.1
18B* 3.06 dd 2.98 dd 297d —-0.01 18B.3x 22 23
19A 449 d 4.47 d br 4.36 d -0.11 19A.19B 12.2 1.8
19B 473 d 469 d 497 d +0.28 2'(6").4' 8.5 —
Me-20 0925 0.94 0.94 5 0 2'(6').4 1.4 —
OAc 211 s 1.95 s 193 s -0.02 4'.3'(5) 7.7 —
OAc - - 2.09 ¢ = B 7.0
276 7.99 dd 2 2.59 sept — 24 — 7.0
35 7.39 ¢ 3 1.19d —
4 7.52 1t 4 123 d

* Spectral parameters were obtained by first order approximation. All these assignments were confirmed by double resonance exper-

iments.
" Exo hydrogen with respect to ring B
# Endo hydrogen with respect to ring B
" Overlapped signal
* " Taken from Ret. [9]
a not observed.

diterpenoids with 13S and [3R configuration [1,2],
and all these compounds were without oxidation at
C-11, in contrast to those isolated from S. alpina
collected in Japan [13], S. alpina subsp. javalambren-
sis growing in Spain [3, 14] and S. alpina growing in
Italy [8].

EXPERIMENTAL

General

Mps: uncorr. Plant materials were collected in
August 1996 at Pirin Mountains near Bansko,
Bulgaria, and voucher specimens (No. 33308) are
deposited in the Herbarium of the Department of

Table 2. *C NMR spectral data of scutalpin N (3)
(62.9 MHz, CDCl;, TMS as int. standard)*

C 3 C 3

1 21.0¢ 15 175.7 5
2 25217 16 7321
3 326¢7 17 200 ¢
4 64.6 5 18 48.5 1
5 45.1 s 19 61.8 ¢
6 68.8 d 20 20.7 ¢
7 399 OAc 171.0 5
8 76.5 5 21.6 ¢
9 41.7 s OCOPh 165.9 s
10 41.3 d 1 130.6 s
11 342 26 129.6 d
12 26317 Ly 128.0 d
13 171.7 5 4 132.7d
14 1143 d

* Multiplicities determined from DEPT-135 experiments
* These assignments may be reversed.

Botany of the Higher Institute of Agriculture at
Plovdiv, Bulgaria.

Extraction and isolation of the diterpenoids

Dried and finely powdered aerial parts of S.
alpina L. (1120 g) were extracted with Me,CO
(3x61L) as described previously [1]. The CHCl;-
soluble fraction (5.7 g, bitter fr.) was subjected to
CC (Silica gel Merck No. 7734, deactivated with
10% H,0, w/v, 100 g). Elution with petrol-EtOAc
(2:1) gave crude scutalpin A (1.2 g) and scutalpin E
(18 mg), and elution with petrol-EtOAc (7:3) gave
scutalpin L (1, 12 mg), scutorientalin E (18 mg) and
scutalpin N (3, 36 mg). Compound 3 was rechroma-
tographed [CC, Silica gel, petrol-CHCI; (1:1)] yield-
ing pure 3 (27 mg). Further elution with petrol—
EtOAc (3:2) yielded crude scutalpin F (71 mg), scu-
tecyprol A (2, 15 mg) and scutalpin O (4, 16 mg).

The previously known compounds, scutalpin
A [1], and scutorientalin E [7], scutalpins E and
F [2], scutalpin L (1) [8], were identified by their
physical (mp, [¢]p) and spectroscopic (‘H NMR,
MS) data and by comparison (mmp, TLC) with
authentic samples.

Scutalpin N (3)

Amorphous solid, mp 78-84°, [«¢]p 20 —-21.8°
(CHCl;, ¢ 0.297). IR vua KBr em™: 3475, 3130,
3058, 2967, 2878, 1782, 1742, 1728, 1636, 1600, 1587,
1452, 1376, 1241, 1186, 1155, 1121, 1089, 1029, 912,
888, 849, 731, 714: 'H NMR: Table 1; '*C NMR;
Table 2; EIMS (70 eV, direct inlet) m/z (rel. int.):
512 [M]™ (0.1), 452 (0.6), 407 [M* — Bz] " (4), 390
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[M™ —BzOH]" (8), 330 [M~ —BzOH — AcOH]"
(17), 312 [M* —~ H,0 — BzOH — AcOH] " (75), 257
(7), 167 (10), 122 (90), 105 (100), 83 (64), 85 (21),
69 (48), 43 (41). (Found C 67.71: H 6.98, C3yH3c04
requires C 67.95, H 7.08%).

Scutalpin O (4)

Mp 86-92°, amorphous solid: mixture (1:1) of the
15R and 158 forms: '"H NMR (250 MHz, CDCl,):
o 5.80 and 5.78 (0.5 H each, both &, J = 5.3 Hz,
H-16), 5.63 (0.5 H, dd, J,=1.2 Hz and J,=4.8 Hz,
H-15), 5.53 (0.5 H d br, J = 5.3 Hz, H-15), 448
and 4.69 (2H, both d, br, J = 12.1 Hz, Hx-19 and
Hg-19), 4.59 (1H, dd, J,=6.0 Hz and J>,=11.0 Hg,
H-6), 400 (IH, dd, J,=4.6Hz and J,=11.6 Hz,
H-11 2), 3.10 (0.5 H, m, W ;=21 Hz, H-13 f), 2.85
(0.5 H, m, W,;,=20Hz, H-13f). 2.98 (1H, dd,
J1=2.8Hz and J,=6.4Hz, Hgl8), 2.19 (IH, d,
J = 40Hz, Ha-18), 2.57 (1H, sept. J = 7.0 Hz,
H-2), 1.95 (3H, s, OAc), 1.22 (3H, d, J = 7.0 Hz,
Me-3), 1.19 (3H, d, J = 7.0 Hz, Me-4'), 0.94 and
0.93 (1.5 H each, both s, Me-20), 0.88 and 0.86 (1.5
H each, both ¢, J = 6.3 Hz, Me-17).

Scutecyprol A (2)

Mp 91-97°, amorphous solid: mixture (1:1) of
the 15R and 15§ forms 'H NMR (250 MHz,
CDCl;): 6 578 and 5.76 (0.5 H each, both d,
J = 5.2 Hz, H-16), 5.61 (0.5 H, dd, J;=1.8 Hz and
J>=4.6Hz, H-15), 5.50 (1.5 H, br d, J = 5.7Hz,
H-15), 4.36 and 4.86 (2H, both 4, J = 12.2 Hz,
Ha-19 and Hp-19), 4.64 (IH, dd, J,=6.0 Hz and
J>=11.0Hz, H-6f), 4.0 (1H, dd, J,=4.6Hz and
Jo=114Hz, H-11lz), 296 (IH, dd, J,=21Hz
and J,=4.2Hz, Hp-18), 2.18 (1H, 4, J = 4.2 Hz,
Ha-18), 2.80 (1H, m, W,,»=21Hz, H-13f), 2.07
(3H, s, OAc), 1.92 (3H, 5, OAc), 0.93 and 0.92
(1.5H each, both, s, Me-20), 0.84 and 0.83 (1.5 H
each, both, d, J = 6.2 Hz, Me-17).

Oxidation of 4 to 5

To a soln of 4 (10mg) in Me,CO (2ml) was
added an excess of Jones' reagent [15] at 10-12°
with stirring. After 20 min., excess Jones’s reagent
was destroyed by addition of EtOH, and then the
reaction mixture was diluted with H>O (10 ml).
Extraction with CHCl; (4 x 8 ml) and work-up as
usual gave § (6 mg) as an amorphous solid, mp
88-94°, [«]p 20° 0° (CHCls, ¢, 0.211) IR vyax, KBr,
em™": 3053, 2963, 2930, 2856, 1786, 1729, 1468,
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1373, 1262, 1099, 1024, 966, 802, 710; EIMS (70 eV,
direct inlet) m/z 478 [M ] Cr¢H1305, Mr 478; 'H
NMR: Table 1.
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