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Abstract—Two novel 3,6-epoxy-6,7:8,15-seco-7,20-olide-ent-kaurane diterpenoids laxiflorin F (1) and laxiflorin G (2) have been
isolated from the leaves of Isodon eriocalyx var. laxiflora. The structure elucidation of 1 and 2 was accomplished by spectroscopic
methods including 2D NMR analysis. The relative stereochemistry of 1 was established by single crystal X-ray crystallography,
which also confirmed the novel carbon skeleton of the new ent-kaurane diterpenoid. Both compounds were tested for their
cytotoxicity toward human leukemia K562 cells. © 2002 Elsevier Science Ltd. All rights reserved.

Isodon eriocalyx (Dunn) Hara var. laxiflora Wu and Li,
a perennial shrub native to Yunnan province, has anti-
tumor, antibacterial and anti-inflammatory activities.1

In a previous study on the leaves of I. eriocalyx var.
laxiflora, a series of ent-kaurane diterpenoids from the
plant were isolated.2 Among them, we found that erio-
calyxin B was one of the major constituents in the ethyl
actetate extracts of the leaves of I. eriocalyx and had
remarkable cytotoxicity, antibacterial and anticancer
effects through bioassay experiments. Our recent inves-
tigation on the bioactive diterpenoids from the plant
led to the isolation of two 3,6-epoxy-6,7:8,15-seco-7,20-
olide-ent-kauranoids, 1 and 2, which represented a
novel carbon skeleton. Their structures were identified
by extensive 2D NMR spectroscopic means including
1H–1H COSY, HMQC, HMBC and ROESY tech-
niques. The relative stereochemistry of 1 was also deter-
mined by X-ray analysis. Both compounds have been
evaluated for their cytotoxicity against human leukemia
K562 cells. In this paper, we wish to report the isola-
tion and structure elucidation of compounds 1 and 2.

The 70% Me2CO extracts of the air-dried and powdered
leaves3 (25 kg) were partitioned with EtOAc to afford
the EtOAc extract (1000 g), which was subjected to
silica gel column chromatography using CHCl3,
CHCl3–Me2CO (9:1, 8:2, 7:3, 6:4) and Me2CO as elu-

ents. Compounds 1 and 2 were purified from the
CHCl3–Me2CO (6:4) fraction after repeated medium-
pressure column chromatographic separations followed
by recrystallization in CH3OH:Me2CO:CHCl3 (3:1:1).

Compound 1, obtained as colorless lumpish crystals
and giving a molecular ion peak at m/z 364 in the
EIMS spectrum, was deduced to have a molecular
formula C20H28O6 by HREIMS4 and NMR spectra
(Table 1). The fact that no absorption was recorded in
the UV spectrum indicated the absence of any conju-
gated systems in the molecule. Observed in the 13C
NMR (DEPT) spectra of 1 were three carbonyl car-
bons, two quaternary carbons, six methines including
an oxygenated one, six methylenes including two oxy-
gen-bearing ones, two tertiary methyls and one sec-
ondary methyl, which obviously indicated a diterpenoid
skeleton. Considering the structures of the compounds
previously isolated from this plant, along with the
characteristic lactone carbonyl signal at �C 174.4 (s) due
to C-7 and the two noticeable oxymethylenes [one
emerged at �C 73.4 (t) and �H 4.65/3.93 (J=11.7 Hz)
assignable to C-20/H-20, and the other resonated at �C

67.8 (t) and �H 3.97/3.73 (J=9.9 Hz) attributable to
C-6/H-6], we initially presumed that 1 should be a
6,7-seco-7,20-olide-skeletal ent-kaurane diterpenoid
similar to laxiflorin C (3),2 which was also isolated as
one of the major constituents. However, through care-
ful observations we found that 1 was obviously differ-
ent from normal ent-kaurane diterpenoids in having
one less quaternary carbon (three quaternary carbons
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Table 1. NMR spectral data and HMBC correlations for 1 and 2a

2 HMBCb 3No. 1

13Cc1H 1H 13C H–C 13C

1 212.2 s 212.2 s 200.9 s
47.9 t 2.68 br. s 47.9 t2.66 br. s 1, 3, 4, 102 124.5 d
82.0 d 3.87 br. s 82.1 d3 1, 4, 5, 6, 18, 193.85 br. s 158.9 d
43.1 s 43.2 s4 36.7 s
51.6 d 2.23 d, 4.65 51.7 d2.20 d, 4.6 1, 3, 4, 6, 9, 10, 18, 19, 20 47.6 d
67.8 t 3.98 dd, 10.0, 4.8 67.8 t3.97 dd, 9.9, 4.8 3, 4, 5, 106 58.3 t

3.73 d, 9.9 3.75 d, 10.0
7 174.4 s 174.3 s 170.4 s

38.5 d 3.26 br. s 39.0 d3.21 br. s 7, 9, 148 60.0 s
2.47 overlap9 43.9 d 2.57 dd, 4.4, 9.0 43.8 d 5, 7, 8, 10, 11, 12 41.9 d

55.2 s 55.3 s10 52.3 s
29.2 t 1.58 m 29.7 t11 8, 9, 131.45 overlap 20.3 t

1.47 m
31.2 t 2.04 br. d, 12.612 33.2 t1.91 br. d, 12.8 9, 14 18.1 t

1.27 overlap1.38 overlap
2.44 overlap13 35.8 d 3.70 m 35.0 d 12, 16 32.7 d
2.62 br. d, 13.014 30.4 t 2.66 overlap 31.8 t 7, 8, 9, 12, 13 32.8 t

178.4 s 1.69 dt, 4.4, 12.9 169.9 s1.41 overlap15 217.4 s
2.44 overlap16 46.4 d 147.5 s 48.8 d

15.4 q 6.48 s 122.7 t1.30 d, 6.5 (3H) 13, 15, 1617 11.8 q
5.60 s

26.8 q 1.17 s (3H) 26.9 q1.16 s (3H) 3, 4, 5, 1918 31.8 q
22.2 q 1.31 s (3H) 22.3 q19 3, 4, 5, 181.26 s (3H) 23.8 q
73.4 t 4.68 d, 11.8 73.5 t4.65 d, 11.7 1, 5, 7, 9, 1020 70.8 t

3.93 d, 11.7 3.94 d, 11.8

a 1H NMR, 500 MHz; 13C NMR, 125 MHz, pyridine-d5: data in ppm (J in Hz).
b HMBC correlation for compounds 1 and 2.
c Multiplicity was determined from DEPT data.

arising from C-4, 8 and 10 are necessary in usual
ent-kauranoids) in the high field region of the 13C
NMR (DEPT) spectra. By detailed comparison of the
13C NMR data of 1 with those of 3, it is easily
recognized that, in the high field region, the quaternary
carbon signal for C-8 in 3 was replaced by a methine
signal at �C 38.5 (d) in 1. A carboxylic carbonyl signal
at �C 178.4 (s) in 1 took the place of the keto carbonyl
carbon signal at �C 217.4 (s) due to C-15 in 3 in the low
field region of the 13C NMR spectra. Thus, it could be
deduced that the D-ring in 3 was split between C-8 and
C-15 in 1. There were other differences between the
A-rings of these two compounds. A methylene signal at
�C/H 47.9/2.66 and an oxygenated methine signal at
�C/H 82.0/3.85 in 1 substituted for those of the �2,3

double bond in 3, and the keto carbonyl carbon due to
C-1 was shifted downfield greatly from �C 200.9 (s) in 3
to 212.2 (s) in 1, which suggested the reduction of the
double bond of the �,�-unsaturated ketone moiety in 1.
The presence of a cross peak between H-3 and the

oxymethylene signal at �C 67.8 (C-6) and cross peaks
between H2-6 (�H 3.97/3.73) and C-3 (�C 82.0) in the
HMBC spectrum indicated undoubtedly that there was
an oxygen-bridge between C-3 and C-6. Until now,
such types of linkages were unprecedented in natural
ent-kaurane diterpenoids.

The stereochemistry of H-8 was established as � by the
correlation of H-5� with H-8 in the ROESY spectrum.
In the same manner, the NOE between the signal at �H

3.73 (H-6) and H-20 provided the hint that the above-
mentioned oxygen bridge occurred in the �-direction,
and therefore it was concluded that H-3 was of �-orien-
tation. The stereochemistry of C-16 could not be deter-
mined by the ROESY experiment. Fortunately, 1 was
obtained as colorless lumpish crystals after several
recrystallizations. The analysis of the single crystal X-
ray diffraction5 of 1 established C-16 as having the R
configuration and also confirmed the novel carbon
skeleton proposed (Fig. 1). Thus, 1 was characterized as
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Figure 1. X-Ray crystal structure of 1.

Figure 2. Postulated biogenesis of 1.

16-(R)-methyl-3,6-epoxy-6,7:8,15-seco-7,20-olide-ent-
kaur-15-oic acid, and given the trivial name laxiflorin F.

Compound 2, isolated as colorless needles and exhibiting
a molecular ion peak at m/z 362 in the EIMS spectrum,
was concluded to have the molecular formula C20H26O6

by HREIMS and NMR spectra, two hydrogen atoms less
than 1, and thus with one degree of unsaturation more
than 1. Comparison of the NMR spectra of 1 and 2
revealed that the two compounds were very similar. The
only difference between them was at the side-chain
attached to C-13. The C-16 methine signals at �C/H

46.4/2.44 and the C-17 methyl signals at �C/H 15.4/1.30
in 1 were replaced by double bond signals [�C 147.5 (s),
122.7 (t) and �H 6.48 (s), 5.60 (s)] in 2. The C-15 signal
also moved upfield from �C 178.4 (s) to �C 169.9 (s),
which suggested the existence of an �,�-unsaturated
carboxylic acid system in 2. This was also supported by

the UV absorption at 207 nm. Further evidence came
from the HMBC spectrum, in which long-range 1H–13C
correlations between H2-17 and C-15 were clearly dis-
played. The relative stereochemistry of the asymmetric
carbons in 2 were shown to be the same as in 1 on the
basis of their similar ROESY spectra, as well as their
similar coupling patterns. The full assignments of the
protons and carbons of 2 were accomplished by using
1H–1H COSY, HMQC and HMBC experiments. There-
fore, 2 was identified as 3,6-epoxy-6,7:8,15-seco-7,20-
olide-ent-kaur-16-en-15-oic acid, and named laxiflorin
G.

Compounds 1, 2 and 3 were tested for cytotoxicity
towards human leukemia K562 cells.8 cis-Platin was used
as the positive reference substance in the bioassays.
Compound 3 had a remarkable inhibitory activity with
an IC50 value 0.569 �g/mL. No desirable results were
obtained for compounds 1 and 2.
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The possibility that compound 1 is an artifact produced
during the separation can be excluded because the
isolation conditions did not involve the use of tempera-
tures above 60°C or of acid and alkali. Based on the
structures of the compounds isolated from I. eriocalyx
var. laxiflora so far, as well as the fact that compound
3 with the nucleus of a 6,7-seco-7,20-olide-ent-kaurane
was separated in large amounts, a plausible biosyn-
thetic origin for the skeleton of 1 is proposed in which
the carbon skeleton of compound 1 is biosynthesized
from 3, as shown in Fig. 2. The possible mechanism for
the cleavage reaction of the bond between C-8 and
C-15 would be a reverse aldol reaction.9–11
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