
Phytochemistry, Vol. 30, No. 3, pp. 975-980, 1991 0031-9422/91 S3.00+0.00 
Printed in Great Britain. 0 1991 Pergamon Press plc 

TWO LIGNANS FROM SCHISANDRA SPHENANTHERA* 

YUKINOBU IKEYA, Ko SUGAMA, MINORU OKADA and HIROSHI MITSUHASHI 

Research Institute for Biology & Chemistry, Tsumura & Co., 3586 Yoshiwara Ami-machi, Inashiki-gun, Ibaraki 300-l 1, Japan 

(Received 2 July 1990) 

Key Word Index--Schisandra sphenanthera; Schisandraceae; dibenzocyclooctadiene; lignan; benzoylgomisin U; 
tigloylgomisin 0; isoschizandrin. 

Abstract-Two new dibenzocyclooctadiene lignans, benzoylgomisin U and tigloylgomisin 0 were isolated from the 
fruits of Schisandra sphenanthera together with known lignans, gomisin U and epigomisin 0. Their structures were 
determined by chemical and spectral studies. The structure of isoschizandrin was also revised by advanced chemical 
and spectral studies. 

INTRODUCTION 

The fruits of Schisandru sphenanthera Rehd. et Wils. are 
used as an antitussive, tonic, and sedative agent under the 
name of Wuweizi in Chinese traditional medicine to- 
gether with the fruits of S. chinensis Baill. Eleven dibenzo- 
cyclooctadiene lignans [ 1,2] have been isolated from this 
plant. In this paper we report the isolation of two new 
lignans, benzoylgomisin U(la) and tigloylgomisin O(2a) 
together with two known lignans, gomisin U(lb) and 
epigomisin O(2b) from S. sphenuntheru collected in the 
province of Shangxi in China, and the revised stereostruc- 
ture of isoschizandrin (3a) [3] from S. chinensis. 

RESULTS AND DISCUSSION 

Compound lb, named gomisin U was identified as 6/L 
hydroxy compound [4] of (-)-gomisin K, (lc) by direct 
comparison with an authentic sample. Compound 2b was 
identified as epigomisin 0 [S] by direction comparison 
with an authentic sample obtained from S. chinensis. 

Benzoylgomisin U (la) was obtained as needles, 
GoH34Os, Calo -61.6” (CHCI,) and possessed the 
characteristic UV spectrum (A,,, 215.2, 255 sh, and 
289 sh nm) of dibenzocyclooctadiene lignans [6]. Its 
CDspectrum([B]213,1 +86200, [0]235,0 -98 500,and 
[0]24s.6 -55 100 sh) indicated that la has a S-biphenyl 
configuration [7]. The ‘HNMR spectral analyses 
(Table 1) showed that la has one phenolic hydroxyl and 
five methoxyl groups on the aromatic rings, and a 
benzoyloxyl and two secondary methyl groups. The mass 
spectrum with peaks at m/z522 [Ml’, 400 [M 
-C,H,COaH]+ and 105 [C6H5CO]+ [S], and 
13CNMR spectrum (Table 2) also supported the pres- 
ence of a benzoyloyl group in la. 

On hydrolysis with 3% ethanolic potassium hydro- 
xide, la afforded a benzoic acid and lb. The doublet at 
64.42 in the ‘H NMR spectrum of lb, which appeared at 

* part 17 in the series ‘The Constituents of Schisandra Species’. 
For Part 16 see ref. [Z]. 

66.01 in la, was assigned to the C-6 benzylic methine. 
This showed that the benzoyl group in la is linked to the 
C-6 hydroxyl group in lb. 

The structure of la was confirmed by the two-dimen- 
sional nuclear Overhauser effects spectroscopy (NOESY) 
spectrum of la in chloroform-d (Fig. 1). The NOESY 
spectrum showed appreciable NOE between the C-3 
methoxyl signal at 63.89 and the lower-field aromatic 
proton (H-4) signal at 66.80, and between the H-4 and the 
C-6 benzylic methine signal, but no NOE between the 
higher-field aromatic proton (H-11) signal at 66.67 and 
any methoxyl signal. These findings indicated that the 
phenolic hydroxyl group is located adjacent to H-l 1, and 
that the C-6 beniylic methine proton is a-oriented. The 
NOESY spectrum also showed appreciable NOE be- 
tween the C-7 methyl signal at 60.84 and the H-4 signal, 
and between the H-8 signal and the H-l 1 signal, indicat- 
ing that both C-7 and C-8 methyl groups are a-oriented. 
On the basis of the above results, the structure of benzoyl- 
gomisin U was determined as (6R,7S,8S,S-biar)-6-ben- 
zoyloxy-6,7,8,9-tetrahydro-1,2,3,13,14-heptamethoxy-7,8-di- 
methyl-12-dibenzo [a, cl-cyclooctenol (la) (Fig. 1). 

Tigloylgomisin O(2a) was obtained as an amorphous 
powder, C,sH,,Os, [aID -22” (CHCI,) and possessed 
the characteristic UV spectrum (L,,, 215.2, 258sh, and 
293 sh nm) of dibenzocyclooctadiene lignan. Its CD 
spectrum K&9.4 +5 700, C4241.1 -57200, C@1249.1 
-47 200 sh) indicated that 2a has an S-biphenyl config- 
uration [7]. The ‘HNMR spectrum (Table 1) showed 
that 2a has a methylenedioxyl and four methoxyl groups 
on the aromatic rings, and a tigloyloxyl and two second- 
ary methyl groups. The 13CNMR spectrum (Table 2) 
also supported the presence of tigloyl group Call.2 (c(- 
Me), 14.2 @-Me), 128.4, 137.1 (C=C), and 166.9 (C=O)]. 

On hydrolysis with 3% ethanolic potassium hydrox- 
ide, 2a afforded a tiglic acid and 2c, which was identified 
as gomisin 0 [S] by direct comparison with an authentic 
sample. The doublet at 64.34 in the ‘H NMR spectrum of 
Zc, which appeared at 65.76 in Za, was assigned to the C-6 
benzylic methine. This showed that the tigloyl group in 2a 
is linked to the C-6 hydroxyl group in 2c. 

The structure of 2a was confirmed by the NOESY 
spectrum in chloroform-d (Fig. 2). The NOESY spectrum 
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OR3 OMe 

6Me 6Me 

la R1 = OCOG, R2 =Rs=H,R4=Me 3aR1 =R4 = Me,RZ=OH, R3=H 

1 b RI= OH, R2 = R3 = H, R4 = Me 3bR’ = R3 = Me, R2 = OH, R3= H 
1~ RI= RZ=Rs=H,R4= Me 4aR1=OH, R2=R4=Me, R3=H 

&.R1t R2=CH2.R3=H,R4=Me 

2a RI= OCO Me_;; 

2b R’ = H, R2 = OH, R3t R4 = CH1 

2~ R’=OH,R2=H,R3+R4=CH2 

OMe 

OMe 

4b 

4e 

63.89 

Fig. 1. NOE (++) in the NOESY spectrum of compound la (in 6 3.88 

CDCI,). Fig. 2. NOE (++) in the NOESY spectrum of compound Za (in 
CDCl,). 

showed appreciable NOE between the C-3 methoxyl 
signal at 6 3.88 and the lower-field aromatic proton (H-4) 

appreciable NOE between the C-7 methyl signal at 60.80 

signal at 66.70, and between the H-4 and the C-6 benzylic 
and the H-4 signal, and between the H-8 signal and the H- 

methine signal, indicating that the C-6 benzylic methine 
11 signal, indicating that both C-7 and C-8 methyl groups 
are a-oriented. On the basis of above results, the structure 

proton is a-oriented. The NOESY spectrum also showed of tigloylgomisin 0 was determined as (6R,7S,8S,Sbiar)- 
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Table 2. i3C NMR spectral data of compounds la, lb, 2a, and k (CDCI,, 50 
MHz) 

C la* lb 2a*t k 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

C-l, 14 
OMe C-2, 13 

c-3, 12 
OCH,O 

152.0 152.0” 
142.0 141.6 
151.8 151.9” 
111.0 110.1 
132.1 136.4b 
81.4 81.4 
37.6 40.0 
36.4 36.8 
36.8 37.3 

137.6 137.7s 
109.6 109.8 
148.9 149.4 
137.5 137.7 
150.3 150.6 
122.2” 122.0” 
123.2” 120.8’ 
20.3 18.3 
14.2 15.7 
60.5b, 59.7 60.4, 60.2 
60.9, 60.6 b 60.9, 60.9 
56.0, 56.0, - 

152.0 151.9 
141.8” 141.78 
151.7 152.1 
110.8 110.1 
132.6 137.0 
80.9 81.4 
37.4 40.0 
36.5 37.0 
36.9 38.0 

135.5 135.5 
102.4 102.5 
148.6 149.2 
134.5 134.6 
141.4” 141.5” 
121.9b 122.2b 
123.2b 120.6b 

19.2 17.5’ 
14.2 16.5’ 
60.5, 59.2 60.4, 59.5 
60.9, - 60.9, - 
56.0, - 56.0, - 

100.6 100.8 

*Other signals: la, 128.1 (3’, S), 129.7 (2’,6’), 130.3 (l’), 132.8 (4’), 165.5 (C=O) 
(C,H,CO-); 2a, 11.7 (a-Me), 14.2 (D-Me), 128.4 (a-olephin), 137.1 (P-olephin), 
166.9 (C=O) (Tigloyl). 

tThis compound was measured at 125 MHz and assignments were con- 
firmed by ‘H-i3C COSY spectrum. 

P*b.cAssignments within any vertical column may be reversed. 

6,7,8,9_tetrahydro -1,2,3,14-tetramethoxy -7,8-dimethyl- 
-12,13-methylenedioxy-6-tigloyloxy-dibenzo [a, c] cyclo- 
octene (2a) (Fig. 2). 

Previously, the structure of isoschizandrin isolated 
from S. chinensis was proposed as 3b having a C-8/I 
secondary methyl group on the basis of spectral studies 
and chemical correlation with 4b derived from schizan- 
drin (4a) [3]. However, this structural re-investigation 
showed that the structure of isoschizandrin is 3a having 
the C-8x secondary methyl group as follows. The NOESY 
spectrum of 3a (Fig. 3) showed appreciable NOE between 
the H-11 signal at 66.54 and the C-8 secondary methyl 
signal at 60.88, indicating that the C-8 secondary methyl 
group is or-oriented. The configuration of the C-8 position 
in 3a was confirmed by the transformation of schizandrin 
(4a) to 3a. 

Treatment of 4a with hydrochloric acid afforded 4e and 
4d and some minor compounds. The physical and spec- 
troscopic properties of4e and 4d were identical with those 
of authentic samples, respectively [3]. Oxidation of 4e 
with m-chloroperbenzoic acid afforded an epoxide 4e. 
The presence of a methylene signal (62.54, lH, dd, J =4.5, 
1.5 Hz; 2.98, lH, d, J=4.5 Hz) and no exo-methylene 
signal in the ‘H NMR spectrum of 4e indicated that an 
epoxide ring in 4e is formed by oxidation of exo-methyl- 
ene group in 4c. Reduction of 4e with LiAlH, afforded 3a. 
These findings indicate that isoschizandrin is the C-7 
epimer of 4a. From these spectral and chemical data, the 

structure of isoschizandrin was revised to (7R,8S,R-biar)- 
6,7,8,9-tetrahydro -1,2,3,12,13,14-hexamethoxy -7,8-di- 
methyl-7-dibenzo [a, c] cyclooctenol (3a). 

EXPERIMENTAL 

General. See ref. [Z]. 10% AgNO,-impregnated silica gel 
(Merck Kieselgel 6OF,,,) was used for argentic prep. TLC. 

2D-NOESY. ZD-NOE data were obtained from the phase 
sensitive NOESY using the standard DISNMR software pack- 
age (Bruker): data were collected in 2K t, data with 4 scans and 
1K t, increments. A mixing time of 2.5 set was randomly 
modulated by f 10% in order to eliminate coherent magnetiz- 
ation transfer. The total experimental time was 10 hr. The data 
were filtered through a squared sinebell window filter (SSBZ =2) 
and doubly transformed in a 2 x 1K data matrix (real + imagin- 
ary) with a digital resolution of 2.68 Hz per point in the wt and 
w1 domain. 

Plant material. Dried fruits of Schisandra sphenanthera Rehd. 
et Wils. collected in October 1987, were provided from the 
Institute of Medicine and Pharmacy Shanxi Province. 

Extraction and isolation. The dried fruits (475 g) of S. sphenan- 
thera were pulverized and extracted with n-hexane (1.5 1 x 3,3 hr 
each) under reflux. The n-hexane extracts were coned to give a 
brown mass (79.5 g). This afforded 12 frs (frs 1-12) on silica gel 
CC with n-hexane-EtOAc. Fr. 8 (2.87 g) was rechromatographed 
on silica gel (3 cm id. x 16 cm) with C,H,-Et,0 (9: 1). The first 
eluate (200 ml) was coned to give a residue. This residue was 
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63.88 

Me0 

Me0 

Me0 

Me0 

83.88 

6 5 4 3 2 PbH 

Fig. 3. NOE (-) in the NOESY spectrum of compound 3a (in CDCI,). 

purified by prep. TLC [&He-Et20 (4: 1), R, 0.481 to give 2a 
(24 mg, yield 0.0051%). Fr. 10 (0.81 g) was purified by repeated 
prep. TLC [lst: &He-Et,0 (3:2), R, 0.69; 2nd: n-hex- 
ane-CHCl,-EtOH (5: 14: 1), R, 0.651 to give la (22 mg, yield 
0.0046%). Fr. 11 (2.985 g) was rechromatographed on silica gel 
(3 cm i.d. x 19 cm) with CeH,-Et,O. The C,He-Et,0 (85: 15) 
eluate (1.74 g) was purified by repeated prep. TLC [lst: 
CeH,-Et,0 (3: 2), R, 0.40, 2nd: n-hexane-CHCls-EtOH 
(10: 10: 1), R, 0.471 to give 2b (22 mg, yield 0.0046%). Fr. 12 
(0.173 g) was purified by repeated prep. TLC [lst: C,H,-Et,0 
(3:2), R, 0.19; 2nd: n-hexane-Me&O (7:2), R, 0.251 to give la 
(12.5 mg, yield 0.00026%). 

Compounds lb and 2b were identified by direct comparison 
with authentic samples [4, 51. 

Benzoylgomisin U (la). Needles from a-hexane-Et,O, mp 
H&167.5”, [ali - 61.6” (CHCI,; ~0.730). IR vi:; cm-‘: 3404 
(OH), 1708 (C=O), 1582,720,712 (aromatic ring). UV n,!$zi’ nm 
(logs): 215.2 (4.72), 255 (sh4.09), 289 (sh 3.49). EIMS m/z (rel. int.): 
522 [M]’ (37), 400 (lOO), 385 (13), 122 (23), 105 (75), 77 (37). High 
resolution MS m/z: 522.2248 (talc. for C,,H,,O,: 522.2254). CD 
(~0.0122, MeOH) [I!?]~~ (nm): 0 (203.7), + 86 200 (213.1), 0 (222.6), 
-98 500 (235.0), - 55 100 sh (248.6). 

Tigloylgomisin 0 @I). Amorphous powder, [a]:: -22.0 
(CHCI,; ~0.830). IRvt:! cm-‘: 1702 (C=O), 1650 (C=C), 1620, 
1598 (aromatic ring). UV nE:r’ nm (logs): 215.2 (4.74), 258 
(sh 4.94), 293 (sh 3.42). EIMS m/z (rel. int.): 498 [M]’ (lOO), 399 
(33), 398 (73), 342 (13), 83 (79), 55 (68). High resolution MS m/z: 
498.2263 (talc. for 498.2254). CD (~0.0117, MeOH) [6]‘* (nm): 
-4800 (217.1), +5700 (229.4), -57200 (241.1), -47200sh 
(249.1), - 11 700 sh (273.8). 

Hydrolysis of compound la. A soln of la (10 mg) in 3% 
KOH-EtOH (1 ml) was kept at 65” for 3 hr, then diluted with 
H,O (15 ml), and extracted with Et,O. The Et20 extract was 
washed with H,O, dried over Na,SO,, and coned. The residue 
was purified by prep. TLC [C,Hs-Et,0 (2:1)] to give lc 
(6.5 mg) as an amorphous powder, [ali -43.9” (CHCls; 
~0.210). High resolution MS m/z: 418.1994(calc. for C,,HseO,: 
418.1992). This compound was identified as gomisin U (lc) by 

direct comparison with an authentic sample ([a]u, IR, EIMS, 
and ‘H NMR). The aq. soln was acidified with 1 M HCl and 
extracted with Et,O. The Et,0 extract was washed with H,O, 
dried over Na,SO,, and evapd. The residue was purified by prep. 
TLC [n-hexane-EtOAc (3:1)] to give benxoic acid as an 
amorphous powder, which was identical with an authentic 
sample by HPLC [HPLC conditions: column, YMC Pack 
A-3120DS (6 mm i.d. x 150 mm); mobile phase, 20 mM 
KH,P04-MeCN (4: 1); flow rate, 1 mlmin-‘; detection, UV 
215 nm; benzoic acid, RR, (mm), 11.81. 

Hydrolysis of compound 2a. A soln of 2a (14 mg) in 3% 
KOH-EtOH (2 ml) was kept at 65” for 4 hr, then extracted with 
Et,O. The Et,0 extract was washed with H,O, dried over 
Na,SO,, and evapd. The residue was purified by prep. TLC [n- 
hexane-Me,CO (7: 3)] to give 2c (8 mg) as prisms from n- 
hexane-Et,O, mp 144-145.5”, [a]:: -35.3” (CHCI,; ~0.340). 
High resolution MS m/z: 416.1842 (talc. for C,sH,sO,: 
416.1835). This compound was identified as gomisin 0 (Zc) by 
direct comparison with an authentic sample ([a],, IR, EIMS, 
and m mp). The aq. soln was treated as described for hydrolysis 
of la to give tiglic acid (1 mg) as an amorphous powder, which 
was identical with an authentic sample by GC [GC conditions: 
column, 20% FFAP on Chromosorb WAW 80-100 mesh (3 mm 
i.d. x 2 m); column temp., 60”; inj. temp., 180”; carrier gas, He, 
50 ml min- i ; tiglic acid, RR, (min), 6.41. 

Dehydration of schizandrin (4a) with HCl. Schizandrin (4a) 
(2.5 g) was dissolved in a mixture of 1 M HCl(50 ml) and dioxane 
(50 ml), and the soln was heated at 90” for 4 hr. After cooling, the 
reaction mixture was diluted with Et,0 and washed with H,O. 
The Et,0 soln was dried over Na,SO, and evapd. The residue 
was chromatographed on silica gel (4 cm id. x 18 cm) with n- 
hexane-Me&O. The fraction eluted with n-hexane-Me&O 
(4: 1) was evapd to give 4a (441 mg). The fraction eluted with n- 
hexane-acetone (17:3) was evapd to give a residue, which was 
purified by argentic prep. TLC [n-hexane-Et,0 (1: 1)] to give 
4c (63 mg) and 4d (137 mg) [9]. Compound 4c: prisms from 
n-hexaneEt,O, mp 115-117”, [a]k4 + 178” (CHCl,; ~1.06) 
(found: C, 69.33; H, 7.42. Calc. for C,,H,eO,: C, 69.54; H, 
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7.30%). This compound was identical ([a&,, IR, ‘H NMR, and 
m mp) with an authentic sample [3]. Compound 4d: needles 

from n-hexane-Et,O, mp 122-122.5”, [a]g -104” (CHCI,; 

c 1.36) (found: C, 69.45; H, 7.3 1. Calc. for C H 0 . C, 69.54; H, 24 30 6’ 
7.30%). This compound was identical ([a],,, IR, ‘H NMR, and 

m mp) with an authentic sample [3]. 

Oxidation of 4c with m-chloroperhenzoic acid. Compound 4c 

(60 mg) and m-chloroperbenzoic acid (60 mg) were dissolved in 
CHCl, (2 ml) and the soln was stirred at room temp. for 3 hr. The 

reaction mixture was diluted with EtOAc, washed 5% NaHCO, 

and H,O, and evapd. The residue was purified by prep. TLC [n- 

hexane-Et,0 (2: 3)] to give 4e (22 mg) as an amorphous powder, 

[m]g + 123” (CHCI,; ~0.72). IR vrf: cm-‘: 1598 (aromatic 

ring). EIMS m/z (rel. int.): 430 [M]’ (lOO), 402 (27), 400 (14), 399 

(17), 360 (1 l), 359 (14). High resolution MS m/z: 430.1984 (talc. 

for C H 0 : 430.1991). 24 30 7 
Reduction of 4e with LiAIH,. LiAIH, (15 mg) was added to a 

soln of 4e (16 mg) in dry THF (3 ml). The reaction mixture was 

stirred at room temp. for 3 hr, and then wet Et,0 added. The 

reaction mixture was purified by prep. TLC [n-hexane-EtOAc 

(3:2)] to give 3a (7 mg) as an amorphous powder, [a]g4 +85” 

(CHCI,; ~0.275). High resolution MS m/z: 432.2125 (talc. for 

C,,H,,O,: 432.2147). This compound was identified as iso- 

schizandrin by direct comparison with an authentic sample 

([alo, IR, EIMS, and ‘H NMR). 
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