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Abstract—A novel spirocyclic compound (4R)-4-(4-hydroxy-benzyl) spiro [4,5] dec-1-en-8-0l (sequosempervirin A) was isolated
from the branches and leaves of Sequoia sempervirens. Its structure and relative stereochemistry were mainly determined by MS, 2D
NMR and X-ray means, which is the first naturally occurring norlignan containing one spirocycle with C6 (cyclohexane)-C2-C3-C6

skeleton.
© 2004 Elsevier Ltd. All rights reserved.

Taxodiaceae, with 9 genera, 14 species and 12 varia-
tions, is distributed in the North Temperate Zone.!
According to the literatures, many types of compounds
have been isolated from Taxodiaceae, including terpe-
noids,>* lignans,” flavonones,® in which some com-
pounds showed bioactivities, such as antifungal,’
antibacterial® and antitumour.”!® Sequoia sempervirens
(Lamb.) Endl., the only species in Sequoia genus, is
distributed naturally at the seashore of California in the
US. It is one of the famous fast growing trees in the
world and can grow up to 110m high in California.!
Chemical constituents of S. sempervirens were seldom
reported before. As a part of serial investigations on
Taxodiaceae and in order to seek more novel bioactive
compounds, we carried out an extensive chemical study
on S. sempervirens, and obtained a novel spirocyclic
compound named sequosempervirin A from the acetone
extracts for the first time. The details showed as follows.

The dried and powdered branches and leaves (11.9 kg)
of S. sempervirens'' were extracted with petroleum
ether, acetone and methanol for three times under
reflux, respectively. The extracts were concentrated in
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vacuo and afforded 156g of petroleum ether extracts,
214 g of acetone extracts and 524 g of methanol extracts.
The acetone extracts were subjected to silica gel column
chromatography using CHCl;, CHCl;-Me,CO (9:1-
1:1), Me,CO and MeOH as eluents to give 23 fractions.
Fraction 17 was further chromatographed on silica gel
column using CHCL;—CH;0H (9:1) and gel Sephadex
LH-20 column using CH;OH-H,O (1:1) to yield
sequosempervirin A (26 mg).

Sequosempervirin A!> was found to possess the molec-
ular formula of C;H»O, by HR +TOF MS (found
281.1511 [M+Na]*t, caled 281.1517), which was con-
firmed by 3C and DEPT NMR spectra. Its IR spectrum
indicated absorption bands for hydroxyl (3426cm™')
and double bond (1630cm™"). Its UV spectrum revealed
the presence of phenyl group (203, 225, 280 nm). The 'H
and *C spectra (Table 1) showed the presence of 6
methylenes [0¢c 37.5 (t, C-3), 31.5 (t, C-6), 32.2 (t, C-7),
28.1 (t, C-9), 33.0 (t, C-10), 36.1 (t, C-11); oy 2.15-2.16
(1H, m, H-3a), 1.99-2.03 (1H, m, H-3b), 1.69-1.71 (2H,
m, H-6), 1.84-1.87 (1H, m, H-7a), 1.55-1.63 (1H, m, H-
7b), 1.84-1.87 (1H, m, H-9a), 1.26-1.31 (1H, m, H-9b),
1.84-1.87 (1H, m, H-10a), 1.17-1.18 (1H, m, H-10b),
2.79 (1H, dd, J = 2.77, 13.08 Hz, H-11a), 2.21 (1H, t,
J =12.83Hz, H-11b)], 8 methines [dc 139.6 (d, C-1),
129.3 (d, C-2), 50.6 (d, C-4), 68.3 (d, C-8), 130.7x2 (d,
C-13, C-17), 116.0x2 (d, C-14, C-16); oy 5.85 (1H, d,
J =5.64Hz, H-1), 5.62-5.63 (1H, m, H-2), 1.99-2.03
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Table 1. NMR data and 2D NMR correlations of sequosempervirin A (in CDOD;; 400 MHz for oy, 100 MHz for d¢; ¢ in ppm, J in Hz; TMS)

Position dc Sy 'H-'"H COSY HMBC
1 139.6 d 5.85 (d, 5.64) H-2 H-2, 3, 10
2 129.3d 5.62-5.63 (m) H-1 H-1,3
3 375t 2.15-2.16 (m) H-4 H-2, 11
1.99-2.03 (m)
4 50.6 d 1.99-2.03 (m) H-3, 11 H-2, 11
5 509 s H-1, 4, 6, 10
6 315t 1.69-1.71 (m) H-7 H-7
7 322t 1.84-1.87 (m) H-6, 8 H-6
1.55-1.63 (m)
8 68.3 d 3.84-3.86 (m) H-7 H-6, 10
9 28.1t 1.84-1.87 (m) H-10 H-10
1.26-1.31 (m)
10 330t 1.84-1.87 (m) H-9 H-9
1.17-1.18 (m)
11 36.1t 2.79 (dd, 2.77, 13.08) H-4 H-4, 13, 17
221 (t, 12.83)
12 1342 s H-11, 13, 17
13 130.7 d 6.97 (d, 8.37) H-14 H-11
14 116.0 d 6.68 (d, 8.41) H-13 H-13
15 156.3 s H-14, 16
16 116.0 d 6.68 (d, 8.41) H-17 H-17
17 130.7 d 6.97 (d, 8.37) H-16 H-11
13 14
OH
12 15
17 16
Fragment 2 Fragment 3

Figure 1. Fragments of sequosempervirin A.

(1H, m, H-4), 3.84-3.86 (1H, m, H-8), 6.97 (2H, d,
J =8.37Hz, H-13, H-17), 6.68 (2H, d, J = 8.41 Hz,
H-14, H-16)] and 3 quaternary carbons [dc 50.9 (s, C-5),
134.2 (s, C-12), 156.3 (s, C-15)]. On the basis of HMQC,
'H-'"H COSY and HMBC spectral data, the following
fragments 1-3 were assigned (Fig. 1).

Figure 3. X-ray crystallographic structure of sequosempervirin A.

Figure 2. Key HMBC correlations of sequosempervirin A.

In the HMBC spectrum dc 134.2 (s, C-12) showed cross-
peaks to oy 2.79 (1H, dd, J =2.77, 13.08 Hz, H-11a)
and 2.21 (1H, t, J = 12.83 Hz, H-11b), which indicated
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Figure 4. Structure of sequosempervirin A.

that fragment 2 was linked with fragment 3 at C-11; ¢
50.9 (s, C-5) showed cross-peaks to oy 1.69-1.71 (2H, m,
H-6), 1.84-1.87 (1H, m, H-10a) and 1.17-1.18 (1H, m,
H-10b), which indicated that fragment 2 was linked to
fragment 1 at C-5 by one spirocycle. Therefore the
structure of this compound was determined as 4-(4-
hydroxy-benzyl) spiro [4,5] dec-1-en-8-ol, in which the
stereochemistry of C-4, C-5 and C-8 could not be
deduced from the NMR spectra (Fig. 2).

Fortunately, the compound was obtained as colourless
plate-like crystals from CH3;OH. The analysis of the
single crystal X-ray diffraction'® of the compound not
only confirmed the presence of the spirocycle at C-5, but
also established the stereochemistry of C-4 as R and C-8
in the o-orientation. Thus the structure was finally
determined as (4R)-4-(4-hydroxy-benzyl) spiro [4,5] dec-
1-en-8-o0l, and named sequosempervirin A. The results
are shown in Figures 3 and 4.

According to the literatures, some of sesquiterpenes and
diterpenes with one spiro [4,5] decane group were iso-
lated from nature,'! and a few compounds with one
spiro [4,5] decane group were synthesized.'® Thus we can
conclude that sequosempervirin A is the first naturally
occurring norlignan containing one spirocycle with C6
(cyclohexane)-C2-C3-C6 skeleton.
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