Tetrahedron Letters, Vol. 22, No. 14, pp 1367 - 1368 ,1981 0040-4039/81/141367-02802.00/0
Printed in Great Britain ©1981 Pergamon Press Ltd,

AJUGAMARIN, A NEW BITTER DITERPENE
FROM AJUGA NIPPONENSIS MAKINO
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Summary: The structure of a new bitter neo-clerodane, ajugamarin, isolated

from Ajuga nipponensis Makino, has been elucidated by spectrosconic studies
and confirmed by X-ray crystallographic analysis.

The leaves of Ajuga nipvnonensis, Labiatae, have a bitter taste. A bit-

ter principle, ajugamarin, was isolated from the dry leaves of this vlant in
0.2% yield. On spectroscopic and ¥Y-ray crystallosravphic studies we proposed
the structure 1 for ajugamarin.

Ajuramorin 1 showed the following data: 329H40010-%CCI4, crystallized
548 (base peak) by FD-MS;
vmax (XBr) 3540, 1780, 1750-1690, and 1640 cm_l; Amax (95% EtOH) 212 nm
(£ 20,000). The Liowr spectrum (100 MHz, CDC13) of 1 showed the presence of
the grounings: C—C§3 (60.84 s), CH—CE3 (60.84 4, J=.6 Hz), 2 —OCOCE3 (§2.14
and & 1.96), C-CH,0Ac (84.91 and 4.45 ABq, J=12 Hz), CH-OH (83.35 &, J=7 Hz),

from 0014 as colorless needles; m.p. 93-95°; M

2

and ¢ @on (83.06 dd, J=4 and 2 !z, and §2.32 &, J=4 Hz). The presence of
-2
an a,s-unsaturated r-lactone was %732
inferred from the NMR signals °126q °145q 7L0t16() A
(55.85 t, J= 2 Hz, 14-H 2nd §4.78 Me Me
%é J= 2 Hz, 16—H2). The pertinent 129.0s . 114.2d
C-NNMR data of 1 are summarized 1384d 17.49 31.9¢ ;

in Figure 1 - H COO 19Me OH

g . 166.1s H

The combined spectral data 71.0d 393s Flzo

suggested that the compound closely 42.6t 15.4q
related to ajugarins1 belonging to °30.41 <
2 clerodane.’ >4 64 .25 )

Tigloyl groun was suonnorted H 1
with the typical NMR sienals (§5.72 4920017 118 OAC ~
brg, J=7 Hz, &1.83 brs, and §1.78 GZNCHZOAC
brd, J=7 Hz). A doublet of trinlets
at 85.84 (-CH-O-tigloyl) was assigned Pigure 1 TOC-NMR data of 1
to l-ax-H counled to 2-ax-1 (J= 11 Hz), (& and multivlicity in CDéI;)
2-eq-11 (J= 5 Hz), and 10-ax-H (J= 11 Hz) a,b,c: Assignments are inter—

changeable.
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appearing at §2.72. In the oxo-derivative obtained by oxidation of 1 with
CrOB/pyridine, a C-CH,-C=0 group (63.05 and 2.85 ABg, J =20 dz) and &
0=C-C=C-C=0 group (UV, amax 290 nm, £3600) appeared. It follows from

the above fact that the hydroxy function is adjacent to the a,s-unsaturated
r-lactone ring.

The full structure and absolute configuration of ajugamarin were confirm-
ed by X-ray analysis of p-bromobenzoate of L. The XZ-ray study provided the
structure 1 assigned to a neo—clerodaneé’7 for ajugamarin,

The X-ray specimen of about 0.4 x 0.2 x 0.1 mm in size was cut from the
platy crystals obtained from Et0OH solution. The lattice parameters and inten-
sity data were measured on a Philips PW 1100 diffractometer using granhite
monochrometed CuKa radiation. Crystal data: p-bromobenzoate of ajugamarin,
C36H430118r, m.w. 731.6; monoclinic, Space group P2, 2=2, a= 11.929(s),
b=16.184(8), c=19.230(4) K,p: 98.80(6)°, U=1761.0 KB, w for CuKa =10.37 cm_}
De=1.380 g-em™>, Dm=1.373 g-cm™ >

The crystal structure was solved by the heavy atom anomalous dispersion
method5 and refined by the method of block-diagonal

> CMC” 32 least-squares. In determining the absolute config-
\ o, uration, the |Fe| values for the 253 Friedel pairs
c3s c3e9¢ having the differences in|Fo| ereater than 20(Fo)
c23 were calculated and compared with | Fol which showed
c25 }gén that 239 pairs gave the consistent result as shown
c21 29 in Figure 2. The Rr value for the 253 prirs was
os C{ca2v~ 0.073 while it was 0.093 for the reversed struc-
c3 . ture. The final Rr value for the 2945 reflections
was 0.063 including the corrections for anomalous
dispersion but not including the hydrogen atoms.
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Figure 2 X-ray structure
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