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Total Synthesis of Kanshone A, a Sesquiterpene Isolated from Nardostachys 
chinensis (Va I er i a naceae) 

Motoo Tori, Hirosuke Furuta and Yoshinori Asakawa 
Faculty of Pharmaceutical Sciences, Tokushima Bunri University, Yamashiro - cho, Tokushima 770, Japan 

Kanshone A, isolated from Nardostachys chinensis (Valerianaceae), has been synthesized in 9 steps 
by  stereoselective alkylation of  the derivative methyl (5,5-ethylenedioxy-I ,2-dimethylcyclohexyI) - 
acetate and an intramolecular aldol cyclization followed by  methylation and introduction of a double 
bond. 

Kanshone A 1 is a sesquiterpene isolated from a plant used in 
Chinese folk medicine uiz. Nardostachys chinensis Batalin 
(Valerianaceae) (‘Kanshoko’ in Japanese), and its structure as 
well as those of the kanshones B, C, D and E were determined 
by Hikino and his group. Their structures are highly related to 
those of aristolane sesquiterpenes and are of a type rather rare in 
Nature. They also exhibit antihepatotoxicity. Kanshone A 1 has 
a cross-conjugated system, a cis-dimethyl arrangement, and an 
a,a-dimethyl-substituted alcohol moiety. Since one of the cis- 
dimethyl groups and the dimethyl-substituted alcohol group of 
compound 1 are axially oriented, their construction would seem 
to be rather difficult. In the continuation of our synthetic study 
on the sesquiterpenoids, we have accomplished the first total 
synthesis of kanshone A 1, which we now describe in detail. 

Recently we reported the total synthesis of chiloscyphone 
during which we used the reaction of the enolate of the methyl 
ester 5 with ally1 bromide.2 This afforded the desired isomer 
preferentially and the ratio of these isomers was ca. 3: 1 judging 
from the 13C NMR spectrum. Therefore our synthetic plan is 
based on the alkylation of ester 5 with an appropriate C, carbon 
unit (5 - 4). A bicyclic enone 3 would be prepared by an 
intramolecular aldol cyclization and kanshone A 1 could then 
be constructed through an enone 2 prepared by Wharton 
reaction and oxidation (see the retrosynthetic Scheme 1). 
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Scheme 1 

The methyl ester 5, derived from 3,4-dimethylcyclohex-2- 
enone through a 5-step conversion,2 was treated with lithium 
diisopropylamide (LDA) followed by 2-(2-bromoethyl)-1,3- 
dioxolane in the presence of hexamethylphosphoric triamide 
(HMPA) to afford the diacetal 4 in 54% yield. The crude 
product was inspected by 13C NMR spectroscopy, which 
showed that only one isomer had been produced. The 

Fig. 1 The conformation of the enolate of ester 5 

stereochemistry at this position was inferred to be the same as 
that reported previously2 and this was verified at a later stage by 
nuclear Overhauser effect (NOE) experiments. These facts 
suggest that the enolate derived from this ester was alkylated 
from the side of the acetal as shown in Fig. 1. The enolates in the 
eclipsed forms are apparently less stable. When the oxygen 
function is below the cyclohexane ring, in other words when the 
C-1 carbon is between C-2’ and the C-1’ methyl group or 
between C-6’ and the C-1’ methyl group, both the alkyl groups 
act as centres of steric hindrance. Therefore when the oxygen 
function is above the cyclohexane ring, namely when the C-1 
carbon is between C-2’ and C-6’, the alkyl halide comes close to 
the enolate from the less hindered acetal side, since there is a 
methyl group (attached to C-2’) on the other side. 

Deprotection of both the acetal groups in compound 4 with 
TsOH in acetone-water gave a keto aldehyde 6, which was 
treated again with TsOH in dry benzene under reflux to afford an 
enone 3 by an intramolecular aldol condensation in 64% yield 
from compound 4. Transposition of the carbonyl group and the 
double bond was carried out in three steps including a Wharton 
r e a ~ t i o n . ~  The enone 3 was epoxidized by hydrogen peroxide in 
the presence of sodium hydroxide. The epoxide 7 was refluxed in 
aq. hydrazine to afford an allylic alcohol 8, which was converted 
into the enone 2 by Swern oxidation4 (Scheme 2). 

The stereochemistry of the alcohol 8 was established by ‘H 
NMR spectroscopy. When the proton at 6 1.24 due to the 
methyl group at the C-1 position was irradiated, NOES with the 
secondary methyl group (6 0.86, d) and the methine proton at 
C-2 (6 2.78, dd) were observed (Fig. 2). This experiment 
clearly shows that the two methyl groups are cis oriented and 
that the methoxycarbonyl group is frans to both methyl groups 
and is axially oriented. The configuration of the hydroxy group 
at C-5 was assigned, by measurement of the value of the 
coupling contants of the methine proton at 6 4.33 (t, J 2.9 Hz), 
to be a-axial. 

Methylation of compound 8 with methyllithium in diethyl 
ether or tetrahydrofuran (THF) did not give the desired a,a- 
dimethyl alcohol but instead gave the intermediate methyl 
ketone 9. Even if a large excess of MeLi was used to treat the 
methyl ketone 9, starting material was completely recovered. 
Protection of the hydroxy group as a tetrahydropyran-2-yl 
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Scheme 2 Reagents and conditions: i, LDA-HMPA, 2-(2-bromoethyl)- 
1,3-dioxolane; ii, TsOH, aq. acetone; iii, TsOH, PhH, reflux; iv, H,O,, 
NaOH; v, aq. NH,NH,, reflux; vi, Swern oxidation 
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Fig. 2 The stereochemisty of compound 8 

(THP) ether did not change the situation. However, treatment 
of the enone 2 with a large excess of methyllithium in dry THF 
at room temperature afforded the desired a,a-dimethyl alcohol 
10 and the methyl ketone 11 in the ratio 1.8: 1. These two 
products were separable by HPLC. Therefore we attemped 
methylation of the ester 13 prepared in two steps from 
compound 2 (LDA PhSeBr; H,O,). Treatment of ester 13 with 
a large excess of methyllithium in diethyl ether or THF at room 
temperature gave neither the a,a-dimethyl alcohol nor the methyl 
ketone, but instead the product was mostly the recovered 
starting material. It is not yet clear why only in the case of 
compound 2 did the reaction with MeLi occur to give the 
desired a,a-dimethyl alcohol (Scheme 3). The enone system in 
compound 2 is presumably enolizable very easily. 

The a,a-dimethyl alcohol 10 was subjected to phenyl- 
selenenylation (LDA, PhSeBr) and deselenenylation (H,O,) to 
afford kanshone A 1, whose spectral data (IR and 'H NMR) 
were completely identical with those of an authentic sample sent 
by Professor Endo, Tohoku University, Japan. 

Thus we have accomplished the first total synthesis of 
kanshone A 1 starting from the cyclohexyl acetate derivative 5 
in 9 steps. 

Experimental 
General.-See ref. 2. NMR J-values are given in Hz. 
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Scheme 3 
H,O,, THF, 0 "C - room temp. 

Reagents und conditions: i, MeLi, THF; ii, LDA, PhSeBr; iii, 

Alkylation of Methyl (5,5-Ethylenedioxy-cis-1,2-dimethyl- 
cyclohexy1)acetate 5.-A solution of compound 5 ( 5  g) in dry 
THF (20 cm3) was added to a solution of LDA prepared from 
diisopropylamine (23 cm3) and Bu"Li (1.6 mol dm-3, 28.4 cm3) 
in dry THF (40 cm3) at - 78 "C and the mixture was stirred for 
1 h. HMPA (60 cm3) was added and a solution of 2-(2- 
bromoethyl)-l,3-dioxolane (3.46 cm3) in dry THF (20 cm3) 
was introduced slowly. The mixture was stirred at room 
temperature for 48 h before the addition of water. The products 
were extracted with diethyl ether and the extract was washed 
successively with 1 mol dm-, HC1 and brine, dried over MgSO,, 
filtered, and evaporated under reduced pressure to afford a 
residue, which was purified by silica gel column chromato- 
graphy (hexane-EtOAc gradient) to give the bis(ethy1ene 
acetal) 4 (4.6 g, 54%); vmaX(film)/cm-' 1720; 6, 0.90 (3 H, d, J 
6), 0.98 (3 H, s), 3.66 (3 H, s), 3.88-3.92 (8 H, m) and 4.83 (1 H, t, 
J 4.3); dC 15.3 (Me), 18.4 (Me), 21.4 (CH,), 28.7 (CH,), 32.7 
(CH,), 34.7 (CH,), 37.5 (CH), 39.6 (CH,), 39.9 (C), 50.9 
(OMe), 55.2 (CH), 63.4 (CH,), 64.4 (CH,), 64.7 (CH, x 2), 
104.1 (CH), 109.4 (C) and 175.0 (CO); m/z 342 (M'), 311, 
285, 169 and 99 (base) (Found: M', 342.2044. C18H3006 
requires M, 342.2043). 

Deprotection of Methyl 5-( 1,3-Dioxolan-2-y1)-2-[( 1 R*,2R*)- 
5,5-ethylenedioxy-l,2-dimethylcyclohexyl)valerate 4 and Intra- 
molecular Aldol Condensation.-A solution of compound 4 (7 g) 
in acetone (140 cm3)-water (70 cm3) was treated with TsOH 
(700 mg) under reflux for 1 h. The mixture was extracted with 
diethyl ether and the extract was washed with brine, dried over 
MgSO,, filtered, and evaporated under reduced pressure to 
afford the keto aldehyde 6 (4.7 g, 91%); vmax(film)/cm-l 1720 
and 1700; 6, 0.89 (3 H, s), 0.98 (3 H, d, J6) ,  3.71 (3 H, s) and 
9.74 (1 H, br s); m/z 236 (M - 18)+, 208,197,153 and 125 (base). 

A solution of the keto aldehyde 6 (4.7 g) in benzene (800 cm3) 
was treated with TsOH (471 mg) under reflux with the aid of a 
Dean-Stark water separator for 1 h. The mixture was extracted 
with benzene, and the extract was washed successively with 5% 
aq. NaHCO, and brine, dried over MgSO,, filtered, and 
evaporated to afford a residue, which was purified by silica gel 
column chromatography (hexane-EtOAc gradient) to give the 
enone 3 (3.1 g, 70%); v,,,(film)/cm-' 1710, 1670 and 1600; 

4.8 and 2.8), 3.67 (3 H, s) and 6.64 (1 H, t, J3.9); 6, 15.1 (Me), 
20.6 (CH,), 20.9 (Me), 22.5 (CH,), 27.5 (CH,), 34.6 (CH), 39.6 
(C), 39.7 (CH,), 46.3 (CH), 51.1 (OMe), 134.3 (CH=), 141.9 (C=), 
173.8 (CO,) and 201.5 (CO); m/z  236 (Mf),  204,176,159 (base), 
135 and 91 (Found: M', 236.1387. C14H2003 requires M, 
236.141 2). 

6, (400 MHz) 0.97 (3 H, d, J 6.8), 1.00 (3 H, s), 2.78 (1 H, dd, J 
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Epoxidation of Methyl ( 1 R*,2R*, 1 OR *)- 1,l O-Dimethyf-7-0~0- 
bicycfo[4.4.0]dec-5-ene-2-carboxyfate 3.-To a stirred solution 
of 3 (1 g) in methanol (100 cm3) at 0 "C were added 4 mol dm-3 
aq. NaOH (1.5 cm3) and 30% H,O, (3 cm3) successively. The 
mixture was stirred for 3 h before work-up. Water was added 
and the mixture was extracted with diethyl ether. The extract 
was washed successively with 10% aq. Na,S203 and brine, dried 
over MgS04, filtered, and evaporated under reduced pressure 
to afford the epoxide 7 (1.2 g, 95%); vmax(film)/cm-' 1720; 6, 
(400MHz)0.95(3H,d,J7), 1.13(3H,s),3.28(1H,dd,J2.4and 
lS), and 3.68 (3 H, s); dC 15.5 (Me), 16.3 (Me), 18.4 (CH,), 
21.2 (CH,), 27.5 (CH,), 34.7 (CH), 39.8 (CH,), 45.3 (CH), 50.9 
(OMe), 61.5 (CH), 64.8 (C), 174.0 (CO,) and 205.9 (CO); m/z 
252 (M'), 237 (base), 177 and 151 (Found: M + ,  252.1384. 
C14H2004 requires M, 252.1362). 

Wharton Reaction of Methyl (lR*,2R*,5R*,6S*,lOR*)-l,lO- 
Dimethyf- 7-oxo-5,6-epoxybicycfo[4.4.O]decane-2-carboxyfate 
7.-A solution of compound 7 (826 mg) in aq. hydrazine (80%; 
10 cm3) was heated under reflux for 0.5 h. Water was added and 
the mixture was extracted with diethyl ether. The extract was 
washed with brine, dried over MgSO,, filtered, and evaporated 
to afford a residue, which was purified by silica gel column 
chromatography (hexane-EtOAc gradient) to give the afcohof 8 
(298 mg, 39%); v,,,(film)cm-' 3400 and 1720; 6,(400 MHz) 
0.86(3H,d,J6.6), 1.24(3H,s),2.78(1H,dd,J5.0and2.1),3.62 
(3 H, s), 4.33 (1 H, t, J2.9) and 5.73 (1 H, t, J3.5); 6, 15.0 (Me), 
19.5 (CH,), 21.0 (Me), 25.5 (CH,), 26.9 (CH,), 27.7 (CH,), 35.8 
(CH), 38.5 (C), 48.8 (CH), 50.7 (OMe), 73.6 (CH), 127.9 (CH=), 
142.0 (C=) and 174.5 (CO); m/z 238 (M'), 223, 220, 183, 179, 
163, 161 (base), 145, 123, 119 and 105 (Found: M+,  238.1575. 
C14H2203 requires M, 238.1569). 

Swern Oxidation of Methyl (lR*,2R*,5R*,lOR*)-5-Hydroxy- 
1,lO-dime thyfbicycfo[4.4.0]dec-6-ene-2-carboxyfate 8.-A 
solution of dimethyl sulphoxide (0.17 cm3) in CH2C12 (0.5 cm3) 
was added to a solution of oxalyl dichloride (0.1 cm3) in 
CH,Cl, (2.5 cm3) at -78 "C under argon and the mixture was 
stirred for 2 min. A solution of the alcohol 8 (240 mg) in CH,Cl, 
(1 cm3) was added dropwise at the same temperature and the 
mixture was then stirred for 15 min. Triethylamine (0.7 cm3) was 
added and the temperature was raised to 0 "C. Water was added 
after 30 min and the mixture was extracted with CH,Cl,. The 
extract was washed with brine, dried over MgSO,, filtered, and 
evaporated to afford a residue, which was purified by silica gel 
column chromatography (hexane-EtOAc gradient) to give the 
enone 2 ( 1  17 mg, 49%); v,,,(film)/cm-' 1715, 1680 and 1615; 
6, 0.97 (3 H, d, J6.2), 1.00 (3 H, s), 3.67 (3 H, S) and 6.70 (1 H, 
t, J 4.0); 6, 15.0 (Me), 20.5 (Me), 20.8 (CH,), 25.0 (CH,) 25.7 
(CH,), 34.3 (CH,), 34.6 (CH), 40.0 (C), 45.9 (CH), 50.7 (OMe), 
134.2 (CH=), 141.4 (C=), 173.6 (CO,) and 199.5 (CO); mjz 236 
(M'), 221, 177, 161, 135 (base) and 91 (Found: M + ,  236.1423. 
C14H2003 requires M, 236.1413). 

Methyfution of Methyl (1R*,2R*,1OR*)-1,10-Dimethyf-5-oxo- 
bicycfo[4.4.0]dec-6-ene-2-carboxyfate 2.-To a stirred solution 
of ester 2 (100 mg) in dry THF (10 cm3) at 0 "C was added MeLi 
(1 mol dm-3; 4.3 cm3). The mixture was stirred at room 
temperature for 5 h. Water was added and the mixture was 
extracted with diethyl ether. The extract was washed with brine, 
dried over MgS04, filtered, and evapoated under reduced 
pressure to afford a residue, which was separated by HPLC 
[Chemcopak, CHEMCOSORB, 5-Si-U, 7.5 x 250 mm; 
hexane-EtOAc (4: l)] to give the tertiary afcohof 10 (20.3 mg, 
20%) and the ketone (10 mg). For compound 10: 
v,,,(film)/cm-' 3450, 1670 and 1610; 6, 0.97 (3 H, d, J 6.4), 
1.02 (3 H, s) ,  1.32 (3 H, s), 1.37 (3 H, s) and 6.75 (1 H, t, J 4.1); 
6, 16.5 (Me), 21.1 (CH,), 25.4 (Me), 25.8 (CH,), 26.5 (CH,), 

28.8 (Me), 33.3 (CH), 33.4 (Me), 35.0 (CH,), 41.9 (C), 48.6 (CH), 
74.7 (C), 135.4 (CH=), 144.0 (C=) and 201.6 (CO); m/z 236 (M+), 
218,203,178,163,136,109,91,79,59,43 and 41 (base) (Found: 
M+,  236.1841. C15H2,02 requires M, 236.1776). For com- 
pound 11: v,,,(film)/cm-' 1700, 1680 and 1610 6, 0.97 (3 H, 
d, J 6.4), 0.97 (3 H, s), 2.30 (3 H, s) and 6.70 (1 H, d, J 4.0); m/z 
220 (M+), 205, 177, 159, 135 (base), 121, 108, 91, 77 and 43 
(Found: M + ,  220.1562. C,4H2002 requires M, 220.1463). 

Phenyfsefenenyfation of Methyl (1R*,2R*, lOR*)-1,lO-Di- 

solution of compound 2 (100 mg) in dry THF (1 cm3) was added 
to LDA prepared from diisopropylamine (0.07 cm3) and BuLi 
(1.6 mol dm-; 0.32 cm3) in dry THF (1 cm3) at -78 "C. The 
mixture was stirred for 1 h and a solution of PhSeBr (150 mg) in 
dry THF (1 cm3) was added slowly. After addition was 
complete, the mixture was stirred at 0 "C for 2 h. Water was 
added and the mixture was extracted with diethyl ether. The 
extract was washed successively with 1 mol dm-3 HCl and brine, 
dried over MgSO,, filtered, and evaporated to afford a residue, 
which was purified by silica gel column chromatography 
(hexane-EtOAc gradient) to give the sefenide 12 (70.3 mg, 42%); 
vmaX(film)/cm-' 1720, 1675 and 1610; 6, 0.85 (3 H, s) ,  0.91 (3 
H, d, J6.2), 3.65 (3 H, s), 4.6 (1 H, dd, J 10.9 and 9.3), 6.74 (1 H, t, 
J3.9) and 7.2-7.7 ( 5  H, m); m/z 392 (M'), 235,175,147, 135, 107, 
91 (base), 77, 55 and 41 (Found: M + ,  392.0859. C,oH,403Se 
requires M, 392.0891). 

methyf-5-oxobicyclo[4.4.O]dec-6-ene-2-carboxyfate 2.-A 

Preparation of Methyl (lR*,2R*,lOR*)- l,lO-Dimethyf-5- 
oxobicycfo[4.4.0]deca-3,6-diene-2-carboxyfate 13.-To a stirred 
solution of the selenide 12 (18 mg) in THF (0.25 cm3) at 0 "C 
was added 30% aq. H,02 (0.015 cm3). The mixture was stirred 
at room temperature for 2 h. Water was added and the mixture 
was extracted with diethyl ether. The extract was washed 
successively with 10% aq. Na2S203 and brine, dried over 
MgSO,, filtered, and evaporated to afford the dienone 13 (6.3 
mg, 54%); v,,,(film)/cm-' 1730, 1665 and 1610; 6, 1.01 (3 H, 
d, J6), 1.10 (3 H, s), 3.49 (1 H, d, J6.6), 3.67 (3 H, s), 6.26 (1 H, d, 
J6), 6.78 (1 H, dd, J9.9 and 6.6) and 6.98 (1 H, t, J4.1); 6, 15.4 
(Me), 21.0 (Me), 25.7 (CH,), 26.1 (CH,), 35.1 (CH), 41.9 (C), 52.2 
(Me), 52.5 (CH), 131.6 (CH=), 136.8 (CH=), 139.1 (C=), 142.2 
(CH=), 170.7 (CO,) and 186.9 (CO); m/z 234 (M'), 219, 187, 
175, 159, 133 (base), 105, 91, 77, 55 and 41 (Found: M + ,  
234.1271. C14H1803 requires M, 234.1256). 

Phenylselenenylution of [(5R*,6R*,7R*)-5-( 1 -Hydroxy-1- 
methyfethyl)-6,7-dimethyfbicyclo[4.4.O]dec- 1 (1 O)-en-2-one 10.- 
A solution of compound 10 (28.1 mg) in dry THF (1 cm3) was 
added to LDA prepared from diisopropylamine (0.036 cm3) and 
BuLi (1.6 mol dm-3; 0.17 cm3) in dry THF (1 cm3) at -78 "C. 
The mixture was stirred for 1 h and a solution of PhSeBr (42.5 
mg) in dry THF (1 cm3) was added slowly. After addition was 
complete, the mixture was stirred at 0 "C for 2 h. Water was 
added and the mixture was extracted with diethyl ether. The 
extract was washed successively with 1 mol dm-3 HC1 and brine, 
dried over MgS04, filtered, and evaporated to afford a residue, 
which was purified by silica gel column chromatography 
(hexane-EtOAc gradient) to give the sefenide 14 (13.9 mg, 30%); 
vmax(film)/cm-' 3450, 1695 and 1620; 6, 0.92 (3 H, d, J 6.6), 
1.02 (3 H, s), 1.41 (3 H, s), 1.46 (3 H, s), 4.26 (1 H, d, J 10.4), 6.89 
(1 H, t, J 3.8) and 7.2-7.7 ( 5  H, m); mjz 392 (M'), 374, 332, 
290, 217, 175, 105, 91 and 59 (base) (Found: M+,  392.1189. 
C,,H,,O,Se requires M, 392.1256). 

Preparation of Kunshone A 1.-To a stirred solution of 
compound 14 (13 mg) in THF (1 cm3) at 0 "C was added 30% 
aq. H,O, (0.057 cm3). The mixture was stirred at room 
temperature for 2 h. Water was added and the mixture was 
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extracted with diethyl ether. The extract was washed 
successively with 10% aq. Na,S,O, and brine, dried over 
MgS04, filtered, and evaporated to afford a residue, which was 
purified by HPLC [Chemcopak, CHEMCOSORB, 5-Si-U, 
7.5 x 250 mm; hexane-EtOAc (4: l)] to give kanshone A 1 (2 
mg, 24%); v,,,(MeOH)/nm 245 ( E  5300 dm3 mol-' cm-'); 
v,,,(film)/cm-l 3430, 1665, 1625 and 1610; 6,(400 MHz) 
1.01 (3 H, d, J6.6), 1.08 (3 H, s), 1.17 (3 H, s), 1.26 (3 H, s), 2.27 (1 
H,m),2.62(1H,d,J6.8),6.19(1 H,dd,J10.3and0.7),6.94(1 H, 
dd, J 10.3 and 6.8) and 7.01 (1 H, t, J 4.0); 6,(100 MHz) 16.8 
(Me), 23.9 (Me), 24.6 (Me), 26.1 (CH,), 26.4 (CH,), 32.5 (Me), 

(CH=), 141.5 (G), 150.5 (CH=) and 187.6 (CO); m/z 216 (M - 
l8)', 201, 176,161, 134, 119, 105,91 and 59 (base). 

33.3 (CH), 42.1 (C), 54.4 (CH), 76.3 (C), 129.3 (CH=), 137.1 

Acknowledgements 
This work was supported in party by a Grant-in-Aid for Cancer 

Research from the Ministry of Health and Welfare. We thank 
Professor Katsuya Endo, Tohoku University, for kindly 
sending the IR and NMR spectra of natural kanshone A. 

References 
1 A. Bagchi, Y. Oshima and H. Hikino, Phytochemistry, 1988,27, 1199; 

2877; 3667. 
2 M. Tori, T. Hasebe and Y. Asakawa, Bull. Chem. Sue. Jpn., 1990,63, 

1706. 
3 P. S. Wharton and D. H. Bohlen, J. Org. Chem., 1961, 26, 3615; C. 

Djerassi, D. H. Williams and B. Berkoz, J. Org. Chem., 1962,27,2205; 
T. Nakano and M. Hasegawa, Chem. Pharm. Bull., 1964,12,971. 

4 A. J. Mancuso, S.-L. Huang and D. Swern, J. Org. Chem., 1978, 43, 
2480. 

Paper 1 /008 5 1 J 
Received 22nd February 199 1 

Accepted 15th April 199 1 


