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Lignans from Tsuga dumosa
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Abstract: A new lignan, named 4, 8-dihydroxyepipinoresinol (1), was isolated from the methanol ex-
tract of the heartwoods of Tsuga dumosa, together with seven known lignans (2 - 8). Their structures
were elucidated on the basis of spectroscopic evidence. It is first time that compounds 2 — 8 were isolated
from this plant.
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Tsuga dumosa is an economically important conifer indigenous to the Yunnan Province of China
(Southwest College of Forestry, Yunnan Forestry Administration, 1988). Sesquilignans and lignans
from this genus have been reported previously ( Kawamura et al, 1997). Chemical investigation of the
heartwoods of T. dumosa collected from the northem part of Yunnan province, led to the isolation of a
new lignan 4, 8-dihydroxyepipinoresinol (1), as well as seven known lignans, o-conidendrin (2),
(+ )-lariciresinol (3), (threo) 3, 3’-dimethoxy-4, 8'-oxyneoligna-9, 4', 7', 9'-tetracl (4 ),
(threo) 3, 3'-dimethoxy-4, 8'-oxyneoligna-9, 4', 7', 9'-tetraol-7 (8 )-ene (5), 8-hydroxy-o-
conidendric acid methyl ester (6 ), (-)-nortrachelogenin (7) and vladinol D (8) (Fig. 1). Their
structures were determined by spectral methods.

Compound 1 was obtained as amorphous powder, possessing a molecular formula CyH,, O; on the
basis of EIMS (m/z 390, [M]* ) and HRESIMS ( [M + Na] found: m/z 413.1219, caled:
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413.1212). Tts IR spectrum showed a broad absorption at 3413 em™' for hydroxyl groups and strong
absorptions at 1615, 1519 and 1457 cm ™' for phenyl groups. 'H NMR spectrum showed two tri-sub-
stituted aromatic groups according to the signals at & 7.15 (d, J=2.0 Hz), 6.88 (dd, J=2.0,
8.1Hz), 6.76 (d, J=8.1Hz) and  6.96 (d, J=1.8 Hz), 6.84 (dd, J=1.8, 8.1 Hz),
6.80 (d, J=8.1 Hz) and two methoxyls at 8, 3.85 and 3.84 (each 3H, s). The "C NMR and
DEPT spectrum revealed the presence of 20 carbon atoms including two methoxyls and two Cg - C;
units, indicating the typical structures of lignans. Compound 1 contained two rings beside two phenyl
groups based on a calculation of unsaturation degree (n=10), suggesting that 1 can best be accom-
modated in the structure of 2, 6-diaryl-3, 7-dioxabicyclo [3, 3, 0] octane in which the chemical
shifts of C~ 1", 1", C-1, 5and C-2, 6 are sensitive to its stereochemistry ( Chiba et al, 1980;
Pelter et al, 1976). The similar ®C NMR spectral data with epipinoresinol (Rahman et al, 1990)
except for the signals at 6; 101.70 and 101.91 indicated that 1 has the same skeleton as epipinoresinol
with C -1’ of the axial aryl group and C - 1” of the equatorial one but not the symmetrical 4, 8-di-
hydroxypinoresinol ( Pelter et al, 1982). This assumption was confirmed by the different chemical
shifts of C -2 (8. 81.0) with C-6 (8, 86.6), C-1 (8. 56.8) with C-5 (8. 61.6) and C- 1’
(8; 131.0) with C~1” (8;135.5) in *C NMR spectrum.
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Fig. 1 Structures of compounds 1~8
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The signals at 8 101.7 and 101.9 for two carbons both attached to two oxygen atoms were assigned
to be at C-8 and C -4 by HMQC and 'H-"H COSY spectrum revealing correlations of H-4/H -5
and H- 8/H-1. The structure of 2, 6-diaryl-3, 7-dioxabicyclo [3, 3, 0] octane in 1 was sup-
ported by HMBC spectrum (Fig. 2) exhibiting correlations from H - 2" (8 7.15) and H-6" (y
6.88) to C-6 (3,86.6), H=2' (5,6.96) and H-6" (3;6.84) to C-1 (5. 56.8), H-4 (&
4.79) to C-2 (3, 81.0) and H-8 (3,,5.53) to C -6 (J; 86.6). The HMBC correlations of the
methoxy protons at 8, 3.84 with C—3" (3. 149.1) and 8y 3.85 with C-3' (8, 148.9) indicated the
linkage of two methoxyl to positions C — 3" and C - 3" respectively. Two equatorial hydroxyls at posi-
tions C — 8 and C - 4 were proposed by ROESY spectrum (Fig. 2) showing important correlations of H
-1/H-4 and H-5/H - 8. Based on above spectral evidence, 1 was elucidated to be 4, 8-di-
hydroxyepipinoresinol .

Fig. 2 Key HMBC and ROESY correlations of compound 1

Experimental

General Experimental Procedures Melting point was measured on a XRC-1 micro-melting point apparatus and
was uncorrected. Optical rotation was determined on a JASCO-20 polarimeter. IR spectra were obtained on KBr pellets
using a Bio-Rad FTS-135 spectrometer. UV spectra were recorded on a UV 210A spectrometer. MS spectra were carried
out on a VG Auto Spec-3000 spectrometer. The 1D and 2D NMR spectra were obtained on BRUKER AM-400 and DRX-
500 spectrometers. TLC was carried on silica gel G precoated plates. Separation and purification were performed by col-
umn chromatography on silica gel (200 - 300 mesh).

Plant Material The heartwoods of Tsuga dumosa were collected in the Dayao of Yunnan province, in July 2002
and identified by Prof. Jun Zhou of Kunming Institute of Botany, Chinese Academy of Sciences. A voucher specimen
was deposited in the State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of
Botany, Chinese Academy of Sciences.

Extraction and Isolation The air-dried heartwoods of T'. dumosa (5.0 kg) were extracted with 15 1, EtOH (90%
x3) at 60C for 4 h each time. The EtOH extraction was evaporated in vacuo. The residue (365 g) was subjected to
column chromatography on silica gel (200 - 300 mesh), eluted with gradient chloroform methanol water (12:1:0.1) to
yield 5 fractions. Fraction 3 was further separated over Sephadex LH-20 and Si-gel column developed with chloroform /
methanol (1:1) to afford compound 1 (15 mg) . Fraction 2 was purified by repeated silica gel column chromatography
eluted with petroleum ether / acetone / EtOAc (3:2:1) and CHCL/ EtOAc (1:1) to yield 2 (7.8 g), 3 (0 mg), 6
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(90mg), 7 (1.68¢g) and 8 (85mg), and fraction 4 chromatographed with petroleum ether / acetone / CHCl, (1:1:
1 and 1:2:1) to give4 (28 mg) and 5 (10 mg), respectively.
4, 8-Dihydroxyepipinoresinol (1) CoH, 0y, amorphous powder; mp: 128-130C; [a]f +36.8 (¢ 0.29,
MeOH); UVmax (MeOH): 206.4, 229.8, 280.6 nm; IR bands (KBr): 3413, 2920, 1615, 1519, 1457,
1436, 1361, 1276, 1152 and 1026 em™"; 'H NMR (500 MHz, CD,0D) 87.15 (1H, d, J=2.0Hz, H-2"),
6.96 (1H, d, J=1.8Hz, H-2'), 6.88 (1H, dd, J=2.0, 8.1 Hz, H-6"), 6.84 (1H, dd, J=1.8, 8.1
Hz, H-6"), 6.80 (1H, d, J=8.1Hz, H-5"), 6.76 (1H, d, J=8.1Hz, H-5"), 5.53 (1H, s, H-8),
5.44 (1H, d, J=8.0Hz, H-2), 479 (1H, d, J=2.4Hz, H-4), 473 (1H, d, J=6.7Hz, H-6),
3.85, 3.84 (each 3H, s, 20CH;), 3.17 (1H, m, H-1), 2.95 (1H, s, H-5); " C NMR (125 MHz,
CDh,0D) 8 56.8 (d, C~1), 81.0 (d, C-2), 101.9 (d, C-4), 131.0(s, C-1'), 111.3(d, C-2),
148.9 (s, C-3'), 146.9 (s, C-4'), 1159 (d, C-5'), 120.3(d, C-6'), 56.4 (g, 2x OCH;), 61.6
(d, C-5), 8.6(d, C-6), 101.7(d, C-8), 135.5 (s, C-1"), 111.2 (d, C-2"), 149.1 (s, C-
3"), 147.1 (s, C-4"), 116.0 (d, C-5"), 120.2 (d, C-6"). HRESIMS m/z: 413.1219 [M (CyxH,0y)
+Na], caled. 413.1212; EIMS m/z: 390 [M]* (6), 362 (3), 340 (3), 326 (10), 298 (4), 238 (3), 228
(8), 192 (7), 161 (6), 152 (97), 151 (100), 137 (30), 109 (23), 81 (34).
o-Conidendrin (2) CyH, 0y, white amorphous powder; FAB® MS m/z: 357 [M+H]*; 'H NMR data were
consistent with those in the literature (Dhal et ol, 1986); “ C NMR (100 MHz, CD,0D) & 178.0 (s, C-9),
147.4 (s, C-3'), 145.9 (s, C-3), 145.4 (s, C-4), 144.1 (s, C-4"), 133.6 (s, C-1"), 131.3 (s,
C-6), 125.4(s, C-1), 120.8 (d, C-~6'), 1153 (d, C-5, 5'), 114.7(d, C-2), 111.4 (d, C-
2'), 71.9(t, C-9'), 55.3, 55.2 (q, 2Ar0CH,), 49.2 (d, C-7"), 47.0 (d, C-8'), 41.5(d, C-8),
28.6 (t, C-7).
(+ )-Lariciresinol (3) CyH, 05, white amorphous powder; FAB* MS m/z: 361 [M+ H]*; 'H NMR data
were similar to those in the literature (Sugiyama et al, 1993); “C NMR (100 MHz, CD,OD) 8 149.0 (s, C-3),
148.9 (s, C-3"), 147.1 (s, C-4'), 145.8 (s, C-4), 134.9 (s, C-1), 133.2 (s, C-1'), 122.3 (4,
C-~6), 120.2(d, C-6'), 116.3 (d, C~5), 116.1 (d, C-5"), 113.4 (d, C-2), 111.0 (d, C-2'),
85.1(d, C-7), 73.9(t, C-9'), 62.1 (1, C-9), 56.6 (d, C-8), 56.3 (q, 2x OCH;), 45.1 (d, C-
8'), 39.8 (1, C-7").
(threo) 3, 3'-Dimethoxy-4, 8 -oxyneoligna-9, 4', 7', 9'-tetraol (4) C,H,0,, white amorphous powder;
EI-MS m/z: 378 [M]*; 'H and " C NMR data were consistent with those in the literature (Miyase et al, 1987).
(threo) 3, 3'-Dimethoxy-4, 8'-oxyneoligna-9, 4', 7', 9'.tetraol-7 (8 )-ene (5) CyH, O, white amor-
phous powder; EI- MS m/z: 376 [M]*; 'H NMR data were consistent with those in the literature (Miki et al,
1980); "C NMR (100 MHz, CD,0D) 3 151.8 (s, C-3), 149.3 (s, C-3'), 148.8 (s, C-4), 147.2 (s, C
-4'), 133.8 (s, C-1'), 133.2 (s, C-1), 131.4 (d, C-8), 128.6 (d, C-7), 120.8 (d, C-6, 6'),
118.9 (d, C-5), 115.7(d, C-5"), 111.8(d, C-2), 111.3(d, C-2), 87.2(d, C-8'), 74.1(d, C
-7, 63.7 (1, C-9), 61.9(t, C-9'), 56.6 (q, 3-0CH,), 56.4 (g, 3'-OCH,).
8-Hydroxy-o-conidendric acid methyl ester (6) Cy H, Oy, amorphous powder; EI- MS m/z: 404 [M]*;
"H and " C NMR data were consistent with those in the literature (Kawamura et ol, 1997). :
(-)-Nortrachelogenin (7) CyH,0,, amorphous powder; EI - MS m/z: 374 [M]*; 'H and ® C NMR data =
were consistent with those in the literature ( Achenbach er al, 1983).
Vladinol D (8) CxH,0,, white amorphous powder; EI- MS m/z: 374 [M]*; 'H NMR data were consistent .
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with those in the literature (Tan et af, 1990); “C NMR (100 MHz, CD,0D) §200.3 (s, C-7), 153.5 (s, C-
4), 1499.2 (s, C-3), 149.1 (s, C-4"), 147.5(s, C-3"), 133.5(s, C-1"), 130.1 (s, C-1), 125.0
(d, C-6), 121.0(d, C-6'), 115.9(d, C-5), 115.8(d, C-5"), 1124 (d, C-2), 111.4 (d, C-
2'), 85.3(d, C-7"), 71.8(t, C-9), 61.2(t, C-9), 56.4, 56.3 (q, 2ArOCH;), 54.6 (d, C-8'),
50.2 (d, C-8).

Acknowledgements: All spectra were recorded by the analytical group of the State Key Laboratory of Phytochemistry and
Plant Resources in West China, Kunming Institute of Botany, Chinese Academy of Sciences.
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