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Abstract

Four seco-prezizaane sesquiterpene lactones, 14-O-n-butyryl¯oridanolide, 3,4-dehydro¯oridanolide, 3,6-dideoxy-10-hydroxy-
pseudoanisatin, and 2-O-n-butyrylpseudomajucin were isolated from the pericarps of Illicium merrillianum. Their structures were
determined by spectroscopic methods. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In a preceding paper, we reported ®ve new seco-
Prezizaane-type sesquiterpenes and the previously known
anislactones A and B isolated from the pericarps of
Illicium merrillianum, a plant species indigenous to
southwestern China and Myanmar (Huang et al., 1999).
Anislactones with two types of 
-lactone have a di�er-
ent carbon skeleton from seco-prezizaane-type sesqui-
terpenes found in the Illicium plants, and have been so
far isolated only from I. anisatum as minor constituents
(Kouno et al., 1990). We have found that these structu-
rally rare sesquiterpenes are abundant in I. merrillianum
(Huang et al., 1999). Our continuing studies on chemi-
cal constituents of the title plant have resulted in the
isolation of four new seco-prezizaane-type sesquiterpene
lactones 1±4, which belong to ¯oridanolide-like, pseudo-
anisatin-like and pseudomajucin-like carbon skeletons,
respectively. In this paper, the structural elucidation of
these compounds is described.

2. Results and discussion

The methanol extract of the dried pericarps of
I. merrillianum was subjected to silica gel, Sephadex
LH-20 and reversed phase RP-8 chromatographies to
give compounds 1±4.

Compound 1 had a molecular formula of C19H30O7,
as determined by high resolution (HR)-FAB-MS (m/z
409.1643 [M+K]+). The spectral data of 1 indicated the
presence of a n-butyryloxy group [1740 cmÿ1; �H 0.93
(3H, t, J=7.2 Hz), 1.77 (2H, qt, J=7.3 and 7.2 Hz) and
2.28 (2H, t, J=7.3 Hz); �C 173.0], which was supported
by the observation of the prominent fragment ion peak
at m/z 71 in the EI-MS. Moreover, the presence of three
methyl groups, a J=12 Hz for the coupling constant of
H2-14 and their AB-type proton signals (Table 1) sug-
gested that 1 was either a ¯oridanolide-type (Schmidt et
al., 1998; Wang et al., 1994) or dunnianin-type sesqui-
terpene (Kouno et al., 1988; Schmidt et al., 1997), both
of which di�er in the lactone ring type on the C-7 or the
C-3 position. The HMBC of 1 showed a cross peak
between H-7 (�H 4.28) and the C-11 carbonyl (�C 175.2)
in support of the lactone ring attached to C-7, and the
H-14 oxygen-bearing methylene (�H 4.08 and 4.13) was
correlated with the C-10 ester carbonyl (�C 173.0)
thereby indicating the n-butyryloxy group was con-
nected to C-14. Thus 1 is a 14-O-butyryl derivative of a
¯oridanolide-type sesquiterpene. Additionally, the rela-
tive con®guration of 1 was identical with that of 13-
acetoxy-14-butyryloxy¯oridanolide (5) (Schmidt, 1998),
as determined by analysis of the phase-sensitive nuclear
Overhauser and exchange spectroscopy (NOESY) spec-
trum. The above spectral data thus established 1 to be
14-O-n-butyryl¯oridanolide.
The 1H and 13C NMR spectra for compound 2,

C15H22O5 determined by HR-CI-MS (m/z: 283.1576
[M+H]+), resembled those for 1. However, had new
signals due to a trisubstituted ole®n [�H 5.95 (1H, dd,
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J=3.2 and 1.3 Hz); �C 134.6 and 140.9] instead of sig-
nals due to the 14-O-n-butyryl group, the C-3 methylene
and the C-4 oxygen-bearing quaternary carbon in 1.
Moreover, the AB doublet assignable to H-14 was shif-
ted up®eld from �H 4.03 and 4.13 in 1 to �H 3.09 and
3.34 in 2, indicating the presence of a hydroxyl group at
C-14. Detailed analyses of H±H COSY and HMQC
enabled the ole®nic proton to be assigned to H-3 in a

partial unit, C(15)H3C(1) HC(2)H2C(3)H=. Hence, the
structure of 2 was deduced to be 3,4-dehydro-
¯oridanolide, which was consistent with the structure
obtained by analysis of the long-range C±H correlations
observed in the HMBC of 2. The NOESY spectrum of 2
gave the same relative stereochemistry as 1 and 5. Thus,
2 was 3,4-dehydro¯oridanolide.
Compound 3 possessed the molecular mass of

282.1495 obtained by HR±EI±MS, in accordance with
the molecular formula C15H22O5. The IR spectrum dis-
played absorptions at 3421 and 1716 cmÿ1 attributable
to hydroxyl and carbonyl groups. The NMR spectral
data (Tables 1 and 2) for 3 showed the presence of an
ester and a keto group (�C 172.6 and 205.0), three
methyl groups [�H 1.03 (d, J=7.0 Hz), 1.12 (s) and 1.19
(d, J=7.0 Hz)], two isolated methylenes (C-8 and C-14)
and a carbinol-like methine [C-10: �H 4.44 (d, J=
4.8 Hz); �C 77.4] coupled to a hydroxyl group [�H 2.67
(d, J=4.8 Hz)], indicating that 3 was a 6-deoxypseudo-
anisatin-type sesquiterpene lactone (Kouno et al., 1988).
However, 3 was di�erent from 6-deoxypeudoanisatin
not only in the presence of a hydroxyl group at C-10 but
also in the absence of a hydroxyl group at C-3. These
comparative spectral data implied that 3 was 3-dehy-
droxy-10-hydroxy-6-deoxypseudoanisatin. This was
substantiated by the HMBC experiment, in which H-1
and H-10, and H-14 correlated to the C-4 and C-9 qua-
ternary carbons, and C-4, C-5, C-6 and C-11, respectively.
Finally, the NOESY spectrum showed cross-peaks

Table 1
1H NMR spectral data for compounds 1±4

H 1a 2b 3a 4c

1 2.43 m 2.13 qdd (12.4, 10.1, 6.6) 2.50 m 2.27 qd (7.2, 4.2)

2 1.98 m 2.41 ddd (19.0, 12.4, 3.2) 2.12 m 5.11 ddd (4.2, 4.2, 1.0)

1.52 m 2.11 ddd (19.0, 10.1, 1.3) 1.60 m

3 2.48 m 5.95 dd (3.2, 1.3) 2.54 m 2.32 dd (15.0, 4.2)

1.52 m 1.60 m 2.20 dd (15.0, 1.0)

6 2.88 q (7.0) 1.89 q (7.2)

7 4.28 dd (3.3, 2.2) 4.31 dd (3.6, 1.8)

8� 2.50 dd (15.0, 2.2) 2.19 dd (14.4, 1.8) 2.27 d (16.5) 1.82 d (13.8)

� 1.77 dd (15.0, 3.7) 1.99 dd (14.4, 3.6) 2.74 d (16.5) 2.24 d (13.8)

10� 4.15 s 4.07 s 4.44 d (4.8) 2.74 d (18.6)

� 2.89 d (18.6)

12 1.36 s 1.31 s 1.19 d (7.0) 1.03 d (7.2)

13 1.24 s 1.28 d (1.2) 1.12 s 1.01 s

14 4.08 d (12.4) 3.09 d (11.4) 3.86 d (13.2) 3.68 d (9.0)

4.13 d (12.4) 3.34 dd (11.4, 1.2) 4.88 d (13.2) 3.80 d (9.0)

15 1.04 d (6.8) 1.12 d (6.6) 1.03 d (7.0) 0.99 d (7.2)

20 2.28 t (7.3) 2.22 t (7.4)

30 1.77 qt (7.3, 7.2) 1.60 qt (7.4, 7.4)

40 0.93 t (7.2) 0.92 t (7.4)

6-OH 4.55 s

10-OH 3.09 s 3.31 s 2.67 d (4.8)

a 400 MHz in CDCl3.
b 600 MHz in CDCl3.
c 600 MHz in CD3OD. n-PrCO: CH40
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between H-15 and H-10, and H-12 and H-14 in support
of the relative con®guration at C-1, C-6 and C-10 as
depicted in 3. Thus, 3 was 3,6-dideoxy-10-hydroxy-
pseudoanisatin.
Compound 4 had the molecular formula C19H28O6, as

established by HR±FAB±MS (m/z 353.1974 [M+H]+).
Its spectral data indicated the presence of a n-buty-
ryloxy group [1725 cmÿ1; �C 174.6, 37.1, 19.3 and 13.9;
�H 2.22 (t), 1.60 (qt), 0.92 (t); m/z 71]. This butyryloxy
group must be placed at C-2 based on the HMBC
correlation between H-2 (�H 5.11) and the butyl ester
carbonyl. Additionally, the IR spectrum had an
absorption at 1757 cmÿ1 typical of a g-lactone. Its 1H
NMR spectrum contained signals (Table 1) due to a
tertiary methyl and two secondary methyl groups, and
three isolated methylene groups, one (H-14) of which
had a small geminal coupling constant (9.0 Hz) indica-
tive of a methylene functionality present in a ®ve-mem-
ber ether ring. These spectral features, together with 15
carbons as characterized by a DEPT experiment, indi-
cates that 4 was closely related to pseudomajucin (6)
(Kouno et al., 1989). In fact, the 13C NMR spectral data
(Table 2) of 4 corresponded well to those of 6, except
for the C-1, C-2 and C-3 resonances, suggesting the n-
butyryloxy group to be placed at C-2. Additionally, this
tentative structure was not in contradiction to analyses
of all 2 D NMR spectra (H±H COSY, HMQC and
HMBC). The relative con®gurations at C-1, C-5, C-6
and C-9 were veri®ed to be the same as 6 based on
analysis of the NOESY spectrum as shown in Fig. 1. On
the other hand, the small vicinal coupling constant
(1.0 Hz) between H-2 and H-3b (�H 2.20) suggested the

dihedral angle to be close to 90�, which could account
for the n-butyryloxy group taking a b orientation on C-
2. Accordingly, 4 was 2-O-n-butyrylpseudomajucin.
Illicium merrillianum is phytochemically similar to I.

¯oridanum, American Star Anise (Schmidt et al., 1997,
1998; Schmidt, 1999). Both elaborate a variety of com-
mon seco-prezizaane-type sesquiterpenes of the anisatin-
type, ¯oridanolide-type, pseudoanisatin-type, and cyclo-
parvi¯oralone-type. However, anislactone-type sesqui-
terpenes, which are the main components in I. merril-
lianum, have not been isolated from I. ¯oridanum. Thus,
this diversity of secondary metabolites in I. merrillianum
has attracted our interest in the chemical studies of this
plant.

3. Experimental

3.1. General

Optical rotations were measured on a Jasco DIP-1000
digital polarimeter. IR spectra were measured on a Jasco
FT±IR 5300 infrared spectrophotometer. NMR spectra
were recorded on a Varian Unity 600 or 400 instrument.
Chemical shifts were given as d (ppm) with TMS as
internal standard. The MS were recorded on a JEOL
AX-500 instrument. Column chromatography (CC) was
carried out on Kiselgel 60 (70±230 mesh and 230±400
mesh), Sephadex LH-20 and Cosmosil 75C18-OPN.

3.2. Collection, extraction and isolation

The ripe fruits of I. merrillianum A.C. Smith were
collected in Yunnan, China in September 1998 and a
voucher specimen (94041) is available in Beijing Uni-
versity of Chinese Medicine.
The dried pericarps of I. merrillianum (3.7 kg) were

powdered and extracted with methanol at room tem-
perature to give 1 kg of pale yellow extract. The extract
(430 g) was applied to a 400 g silica gel column (70±230
mesh) eluted successively with CH2Cl2, CH2Cl2±EtOAc
(9:1, 1:1), EtOAc, EtOAc±MeOH (7:3) and MeOH to
yield seven fractions (A±G). Fraction B was further

Table 2
13C NMR spectral data for compounds 1±4

C 1a 2b 3a 4c

1 38.8 44.4 41.1 53.9

2 29.4 39.4 30.4 78.5

3 32.8 134.6 33.6 41.6

4 89.6 140.9 85.8 102.0

5 46.6 46.3 47.1 51.7

6 77.2 74.0 47.7 44.4

7 83.7 83.5 205.0 107.5

8 27.4 32.2 45.6 54.8

9 49.3 49.3 50.7 49.9

10 71.1 71.6 77.2 41.0

11 175.2 175.1 172.6 178.8

12 21.6 20.9 8.5 8.5

13 14.6 19.7 18.8 14.4

14 65.1 63.9 69.0 71.8

15 14.0 13.8 14.3 9.9

10 173.0 174.6

20 36.3 37.1

30 18.3 19.3

40 13.7 13.9

a 100 MHz in CDCl3.
b 150 MHz in CDCl3.
c 150 MHz in CD3OD. n-PrCO: CH40

3 CH
30
2 CH

20
2 CO
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Fig. 1. Selected correlations observed in the NOESY spectrum of 4.
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subjected to silica gel column chromatography with n-
hexane±EtOAc (3:2) as eluent to give 7 fractions. Fr. 6
was subjected to column chromatography on Sephadex
LH-20 with MeOH to a�ord fractions 8±12. Of these
fractions, 14-O-n-butyryl¯oridanolide (1) (5 mg) was
obtained from fr. 11 by a combination of chromato-
graphy on silica gel [CHCl3±EtOAc (3:2)] and medium
pressure liquid chromatography [Lichroprep RP-8 (40±
63 mm) B, MeOH±H2O (3:2; 2 ml/min)]. Fr. 12 was
separated by TLC on silica gel [CH2Cl2±EtOAc (2:3)]
and RP-8 [MeOH±H2O (1:1)] to yield 3,6-dideoxy-10-
hydroxypseudoanisatin (3) (1.5 mg). Fraction C was
divided by chromatography on silica gel eluting with
hexane±EtOAc (1:1) into fractions 13±23. Fr. 19 was
chromatographed by CC on 75C18-OPN [MeOH±H2O
(2:3)], followed by CC on AgNO3 impregnated silica gel
[CH2Cl2±EtOAc (1:2)], to give 3,4-dehydro¯oridanolide
(2) (15 mg). Fr. 20 was also separated by CC on 75C18-
OPN using MeOH±H2O (2:3) as eluent to give fractions
24±27. 2-O-n-Butyrylpseudomajucin (4) (7 mg) was
obtained from fr. 27 by TLC on RP-8 [MeOH±H2O
(9:11)].

3.2.1. 14-O-n-Butyryl¯oridanolide (1)
Colorless amorphous; [�]20Dÿ14� (CHCl3, c 0.65); IR

(®lm, cmÿ1): 3404 (OH), 1740 (CO), 1722 (CO); HR±
FAB±MS m/z 409.1643 [M+K]+ (calc. for C19H30O7K:
409.1629); EI±MS m/z (rel. int.): 282 (5), 264 (37), 177
(51), 71 (65); 1H and 13C NMR: see Tables 1 and 2.

3.2.2. 3,4-Dehydro¯oridanolide (2)
Colorless amorphous; [�]20D+44� (CHCl3, c 1.90); IR

(®lm, cmÿ1): 3412 (OH), 1722 (CO). HR±CI±MS m/z
283.1576 (calc. for C15H23O5: 283.1546); 1H and 13C
NMR: see Tables 1 and 2.

3.2.3. 3,6-Dideoxy-10-hydroxypseudoanisatin (3)
Colorless amorphous; IR (®lm, cmÿ1): 3431 (OH),

1716 (CO). HR±EI±MS m/z 282.1495 (calc. for
C15H22O5: 282.1468); EI±MS m/z (rel. int.): 282 (5), 264
(10), 189 (24), 113 (100); 1H and 13C NMR: see Tables 1
and 2.

3.2.4. 2-O-n-Butyrylpseudomajucin (4)
Colorless powder; [�]20Dÿ61.9� (CH3OH, c 0.65); IR

(®lm, cmÿ1): 3389 (OH), 1757 (CO). HR±FAB±MS m/z

353.1974 [M+H]+ (calc. for C19H29O6: 353.1964); EI±
MS m/z (rel. int.): 234 (22), 165 (26), 113 (100),71 (69);
1H and 13C NMR: see Tables 1 and 2.
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