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Liverwort Conocephahm conicum: Determination of the Absolute 
Configuration by Total Synthesis 
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The structure of  conocephalenol, a brasilane sesquiterpenoid alcohol isolated from the European 
liverwort Conocephalum conicum, has been determined by  extensive N M R  studies including a 2D 
INADEQUATE experiment and by total synthesis, which established the absolute stereochemistry as 
1 R.9S. 

Liverworts are rich sources of terpenoids with unusual 
frameworks. Such metabolites often exhibit interesting 
biological properties. Conocephalum conicum is a common 
thalloid liverwort which occurs abundantly. A previous 
investigation of C. conicum resulted in the identification of 
methyl cinnamate, oct- 1 -en-3-01 and its acetate, which are 
responsible for the mushroom odour of this liverwort.' The 
diethyl ether or hexane extracts of the species collected in 
Scotland or Germany showed a red spot on TLC after spraying 
with sulfuric acid and heating. Extracts of species collected in 
Japan did not show such a spot. The compound which gives rise 
to this spot is the sesquiterpenoid alcohol conocephalenol 1. 
We now report details of the structural elucidation of 
conocephalenol and of its total chiral synthesis which 
establishes its absolute stereochemistry as 1 R,9S. 

Results and Discussion 
C. conicum was collected in Scotland or in Germany and was 
extracted with diethyl ether or hexane. Repeated chromato- 
graphic separation afforded a sesquiterpenoid alcohol which we 
named conocephalenol 1, -4.77T (c 1.30, EtOH). 
The molecular formula C,,H2,0 was determined by high- 
resolution mass spectrometry (HRMS). The IR spectrum 
showed the presence of a hydroxy group, which the 13C NMR 
spectrum [S, 74.0 (s)] showed to be tertiary. The 'H and I3C 
spectra revealed two sets of gem-dimethyl groups [S, 1.25 
(6 H), 1 .OO (3 H) and 0.90 (3 H)], a secondary methyl group [S, 
1 .O 1 (d, J 7.3 Hz)] and a tetrasubstituted double bond (6, 135.9 
and 132.7). The molecule is therefore bicarbocyclic. It was not 
possible to obtain any connectivity data from the 'H NMR 
spectrum of conocephalenol because of its congested nature. 
Fortunately, we isolated a sufficient amount of conocephalenol 
1 to allow us to perform a 2D INADEQUATE experiment, 
which clearly revealed the brasilane skeleton of conocephalenol 
as in structure 1. This unusual carbon skeleton has previously 
been reported for brasilenol,, a marine natural product. 
Conocephalenol represents the first example of the isolation 
of a compound of this class from a liverwort. This finding 
may indicate a common ancestry for liverworts and algae.' 
Unfortunately, it was not possible to derive the relative 
stereochemistry of the molecule because of severe signal 
overlaps in the 'H NMR spectrum. The relative stereochemistry 
was eventually assigned as 1R*,9S* as in structure 1 by 
independent ~ y n t h e s e s . ~ , ~  The limited availability of cono- 

-f Throughout, specific optical rotations [alD are given in units of 
lo-' deg cm2 g-' .  

cephalenol and its relative instability under acidic conditions 
precluded a chemical approach to the determination of the 
absolute configuration and so we turned our attention to a 
chiral synthesis. 

The retro-synthetic plan is shown in Scheme 1. We selected 
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Scheme 1 Synthetic plan for conocephalenol 1 

OHH 
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as starting material the trimethylhydrindenone 4, previ- 
ously used in the Tokushima racemic ~ynthes is .~  Reduction and 
1,2-carbonyl transposition, followed by resolution of the 
camphanoyl ester of the intermediate alcohol 3 and subsequent 
alkylation should lead to the natural product (or its antipode). 

The enone 4 5  was hydrogenated (Scheme 2) in the presence 
of 10% Pd-C to afford the cis-hydrindanone 5,4 which was 
reduced by NaBH,, followed by dehydration with POCI,, to 
give the olefin 7. Hydroboration-oxidation afforded a mixture 
of the 5a-013 [S, 4.11 (dt, J 1 1.7 and 5.7,5-H)] and the 4-01s 6.1 
The latter were recycled to yield more 5a-01 3. The coupling 
constants of 5-H reveal the equatorial ( a )  nature of the hydroxy 
group. The alcohol 3 was treated with (1 S)-( - )-camphanoyl 
chloride and 4-(dimethy1amino)pyridine (DMAP) in pyridine- 
dichloromethane. The diastereoisomeric products were separ- 
ated by HPLC (Develosil 60-10) to afford compounds (+)-8 
and (-)-9. The absolute configuration was deduced from the 
CD spectrum of the ketone derived from ester 9. Compound 9 
was treated with 5% KOH-MeOH to give the corresponding 
alcohol (-)-3 (Scheme 4), which was subjected to Jones 

$ The numbering system for brasilenol is used. 
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Scheme 2 Reagents: i, H,/Pd-C, MeOH; ii, NaBH,, MeOH; iii, 
POCI,, Py; iv, BH,; then H202; v, (1s)-( -)-camphanoyl chloride, 
DMAP, Py-CH2C1,; vi, HPLC, Develosil60- 10, hexane-EtOAc 

oxidation to give ketone (-)-lo. The CD spectrum of this 
ketone showed a negative Cotton effect, which leads to the 
absolute configuration shown, on the basis of the octant rule 
(Fig. 1). 

Conditions for the alkylation step (Scheme 3) were 
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Scheme 3 Reagents and conditions: i, Mg, 2-bromopropene, THF 
(45% yield; 11 : 12 1 : 3); ii, Bu'Li, 2-bromopropene, THF, -78 "C 
(20% yield; 11 only); iii, 0,; Me,S; iv, SOClz 

established by using the racemic ketone 10. Alkylation with 
isopropenylmagnesium bromide in tetrahydrofuran (THF) 
afforded alcohols 11 and 12 in the ratio 1 : 3 (45% yield). The 
minor alcohol 11 gave the tetrasubstituted enone 13 in three 
steps. The observation of a nuclear Overhauser enhancement 
(NOE) between a methyl group at C-3 and the isopropenyl 
group in structure 11 indicated that these groups are axial and 
thus the hydroxy group at C-5 is trans to 6-H. Meanwhile the 
major isomer 12 was converted into the trisubstituted enone 14. 
The yield in the alkylation step was very poor. Reaction of 
ketone 10 with isopropenyllithium at - 78 "C produced the 
desired alcohol 11 as the sole product, but in very low yield 
( - 20%). This approach was therefore abandoned in favour of 
alkylation of the trans-ketone 2 (Scheme 4). 

The cis-ketone (-)-lo was exposed to isomerization 

Me (4 -%I* 
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Fig. 1 Conformations of the ketone (-)-lo and back octant 
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Scheme 4 Reagents: i, KOH, MeOH; ii, Jones oxidation; iii, K,CO,, 
MeOH; iv, Bu'Li, 2-bromopropene, THF; v, 0,; then Me,S; vi, SOCI,, 
Py; vii, MeLi 

conditions (K,CO,, MeOH, reflux) to yield the trans-ketone 
(-)-2. Unchanged cis-ketone (-)-lo was recovered by HPLC 
and recycled to produce more trans-ketone (-)-2. Alkylation of 
ketone (-)-2 should occur from the p face of the molecule 
because of the steric effect of the axial methyl group at C-3. The 
product should be the axial alcohol 15. In the event, alkylation 
of trans-ketone (-)-2 with isopropenyllithium in THF at 
- 78 "C afforded the axial alcohol (-)-15 as the sole product 
and in excellent yield (91%). This was converted as above, 
via the acyloin (-)-16 (Scheme 4), into the desired tetrasub- 
stituted enone (-)-13, which was methylated (MeLi) to give 
(+)-conocephalenol (+)-1, [a];* + 5.85 (c 0.94), identical in 
all respects with natural conocephalenol apart from the sign 
of rotation. Thus the absolute configuration of natural cono- 
cephalenol (-)-1 is 1RY9S. 

Experimental 
General.-IR spectra were measured on a Shimadzu IR-408 

spectrophotometer. 'H and 13C NMR spectra were recorded on 
a JEOL JNM GX-400, Bruker WP2OOSY, Varian Unity 200 or 
FX-90Q spectrometer. The solvent used for NMR spectra was 
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CDCl, unless otherwise stated. J-Values are given in Hz. Mass 
spectra were measured on a JEOL JMS HX-100 or AX-500 
spectrometer. The specific rotations and the CD spectra were 
taken on a JASCO DIP-140 polarimeter and a JASCO 5-500 
spectrometer, respectively. Chemcopak Nucleosil 50-5 (10 x 
250 mm), Develosil 60-3 (4.6 x 150 mm), Develosil 60-10 
(20 x 250 mm) or Cosmosil 5C18 (10 x 250 mm) columns 
were used for HPLC (JASCO pump system). Silica gel 60 for 
column chromatography was purchased from Merck. 

Isolation.-The liverwort C. conicum was collected in 
Scotland in 1986 and in Germany in July 1991. The dried 
German material (237 g) was pulverized and extracted with 
hexane to afford a residue (4.5 g). The extract (2.2 g) was 
subjected to Sephadex LH-20 column chromatography (elution 
with MeOH) twice to afford a conocephalenol-containing 
faction (786 mg). This fraction was further separated by 
reversed-phase HPLC [Cosmosil 5C18; elution with MeOH- 
water (9: l)] to give a conocephalenol-containing fraction (145 
mg). Then finally the mixture was purified by normal-phase 
HPLC (Develosil 60-3; hexane-EtOAc (9 : l)] to afford pure 
conocephalenol 1 (1 3 mg) as an oil; [a];, - 4.77 (c 1.3, EtOH); 
vma,(film)/cm-' 3450; dH(400 MHz; c,D,)g 0.90 (3 H, s), 1 .OO (3 
H, s), 1.01 (3 H, d, J6.4) and 1.25 (6 H, s);~,-(IOO MHz; C&6)5 
18.1, 26.6, 29.3, 29.5, 29.99, 30.04, 32.5, 34.1, 40.5, 40.8, 41.5, 
48.3, 74.0, 132.7 and 135.9; m/z  222 (M+), 204, 189, 175, 161, 
149,133,127,119,105,91,84,69,59 (base) and 55 (Found: M + ,  
222.2009. C15H2,0 requires M, 222.1984). The yields of 
conocephalenol from Scottish C. conicum were much higher 
but very dependent on the time between collection and extrac- 
tion. 

Syn thesis . - Hy drogena tion of the tr ime thy lh y dr indenone 4. 
The enone 4 (2.4 g) was hydrogenated in the presence of 10% 
Pd-C (200 mg) in MeOH (50 an3). The solvent was evaporated 
off after filtration of the catalyst to afford the ketone 5 (2.3 g, 
95%),4 oil; v,,,(film)/cm-' 1705; dH(200 MHz) 0.94 (3 H, d, J 
6.5), 1.05 (3 H, s) and 1.09 (3 H, s); 6,(50 MHz) 18.8 (Me), 23.7 
(Me), 25.9 (Me), 32.8 (CH,), 34.1 (CH,), 36.0 (CH), 40.8 (CH,), 
41.4 (CH), 41.6 (CH), 42.3 (C), 42.5 (CH,), and 216.7 (CO); m/z  
180(Mf), l62,151,147,136(base), l21,109,95,86,81,7Oand55. 

Preparation of the olejn 7. A solution of ketone 5 (4.1 g) in 
MeOH (50 cm3) was treated with NaBH, (1 g) at room 
temperature for 2.5 h. Hydrochloric acid (1 mol dm-,) was 
added and MeOH was evaporated off under reduced pressure. 
The residue was extracted with diethyl ether and the ethereal 
solution was washed with brine. Evaporation of the solvent, 
after drying over MgSO,, afforded the alcohol 6 (3.97 g, 97%). 

To a solution of the alcohol 6 (4.86 g) in pyridine (30 cm3) was 
added POCl, (6 cm3) and the mixture was stirred at room 
temperature overnight. Water was added and the mixture was 
extracted with diethyl ether. The ethereal solution was washed 
successively with 1 mol dmP3 HCl, 5% aq. NaHCO, and brine, 
dried over MgSO,, and concentrated to give the olefin 7 
(3.97 g, 91%) as an oil; vmaX(film)/cm-' 1635, 1450, 1370 and 
1360; dH(200 MHz) 0.95 (3 H, s), 0.97 (3 H, s), 1.02 (3 H, d, J 
6.8), 5.43 (1 H, dd, J9 .7  and 1.7) and 5.59 (1 H, dd, J9 .9  and 
3.9);dc(50 MHz) 21.3 (Me), 27.7 (Me), 31.1 (Me), 32.3 (C), 32.7 
(CH,), 34.4 (CH,), 38.7 (CH), 41.3 (CH), 41.9 (CH), 42.0 
(CH,), 127.8 (CH) and 136.8 (CH); m/z  164 (M+), 149 (base), 
135,121,108,107,93,79,67,53 and41 (Found: M + ,  164.1568. 
C12H20 requires M, 164.1566). 

Hydroboration-oxidation of the olejin 7 .  To a solution of 
olefin 7 (5.56 g) in dry THF (90 cm3) was added 1 mol dm-, 

9; Since conocephalenol 1 rapidly decomposes in CDCI, solution, the 
NMR spectra were taken in C6D6. 

BH,-THF (79 cm3) and the mixture was stirred at room 
temperature for 2 h. Water (14.5 cm3), 3 mol dmP3 NaOH (30 
cm3) and 30% H202  (30 cm3) were added and the mixture was 
stirred for 1 h. The mixture was treated with 10% aq. Na,S,O, 
for 0.5 h, and THF was evaporated off. The residue was 
extracted with diethyl ether and the organic phase was washed 
with brine, dried over MgSO,, and evaporated to afford a 
residue (6.06 g), which was subjected to silica gel column 
chromatography (400 g) and elution with hexane-EtOAc 
gradient to afford the alcohol 3 (1.10 g, 18%) and its regioisomer 
6 (1.86 g, 30%). Alcohol 3; gum; v,,,(film)/cm-' 3600 and 3425; 

4.11 (1 H,dt, J11.7and5.7);6,(50MHz)21.9(CH2),22.7(Me), 
24.6 (Me), 30.7 (CH,), 32.4 (C), 33.1 (Me), 39.3 (CH), 41.1 
(CH,), 42.2 (CH,), 42.9 (CH), 44.3 (CH) and 68.5 (CH); m/z  
182 (M'), 164, 149, 135, 125, 121, 108,95,93 (base), 85,81,79, 
69,67, 55 and 41 (Found: M + ,  182.1682. C,,H,,O requires M, 
182.1671). 

Reaction of the alcohol 3 with (1s)-( -)-camphanoyl chloride. 
A solution of the alcohol 3 (1.5 1 g) in dry dichloromethane (50 
cm3) was treated with (1s)-( -)-camphanoyl chloride (3.5 g), 
pyridine (3 cm3) and DMAP (600 mg) at room temperature 
overnight. Water was added and the mixture was extracted with 
diethyl ether. The ethereal solution was washed successively 
with 1 mol dm-, HC1, 5% aq. NaHCO, and brine, dried over 
MgSO,, and evaporated to afford a residue (3.02 g). The 
residue was separated by HPLC CDevelosil60-10; elution with 
hexane-benzene-EtOAc (4.5 : 4.5 : l), flow rate 7.5 cm3 min-'3 
to give the esters ( +)-8 (1.15 g, 38%) and ( -)-9 (1.09 g, 36%). 

Ester (+)-8; mp 145-148 "C (from hexane); [a];3 + 13.6 (c 
1.03, CHCl,); v,,,(CHCl,)/cm ' 1780, 1730, 1710, 1270 and 
1105;6H(400MHz)0.947(3H,s),0.95(3H,d, J7),0.97(3H,s), 
1.05(3H,s),l.ll(6H,s)and5.39(1 H,ddd,J17,l land6.4);  
&(22.5 MHz) 9.5 (Me), 16.6 (Me), 16.7 (Me), 22.4 (Me), 23.1 
(CH,), 24.3 (Me), 28.9 (CH,), 30.5 (CH, x 2), 32.3 (C), 32.7 
(Me), 38.4 (CH,), 39.3 (CH), 39.5 (CH), 40.8 (CH,), 44.1 (CH), 
53.7 (C), 54.6 (C), 73.8 (CH), 91.0 (C), 166.6 (C) and 177.9 (C); 
m/z (CI, isobutane) m/z 363 (M + H)', 279,239,199,181,165 
(base), 109, 95 and 69 [Found (CI, isobutane): M + ,  363.2538 
(M + H)+. C22H3504 requires m/z,  363-2535]. 

Ester (-)-9; mp 121-122 "C (from hexane); [a]A3 -30.1 (c 
1.08, CHCI,); v,a,(CHCl,)/cm-' 1780, 1730 and 171 5; 6,(400 
MHz)0.97-0.93(12H), 1.05(3H,s), 1.11 (3H,s)and5.36(1 H, 
dt, J 11 .O and 5.8); 6,(50 MHz) 9.60 (Me), 16.7 (Me x 2), 22.5 
(Me), 23.2 (CH,), 24.3 (Me), 28.8 (CH,), 30.6 (CH, x 2), 32.3 
(C), 32.8 (Me), 38.2 (CH,), 39.3 (CH), 39.4 (CH), 40.8 (CH,), 
44.1 (CH), 53.6 (C), 54.6 (C), 74.0 (CH), 91.0 (C), 166.7 (GO) 
and 178.0 (M); m/z  (CI, isobutane) 363 (M + H)', 199,181, 
164 (base), 149, 109,95,83,69 and 55 [Found (CI, isobutane): 
363.2534 (M + H)+. C22H3504 requires m/z,  363.25351. 

Hydrolysis of the camphanoyl ester (-)-9. The ester (-)-9 
(1.09 g) was treated with 5% KOH-MeOH (25 cm3) at room 
temperature overnight. Hydrochloric acid (1 mol dm-,) was 
added, methanol was evaporated off, and the residue was 
extracted with diethyl ether. The ethereal solution was washed 
successively with 5% aq. NaHCO, (3 x ) and brine, and dried 
over MgSO,. Evaporation of the solvent afforded an alcohol 
(-)-3 (471 mg, 86%), mp 65-70 "C (from Et,O); Calk3 -33.3 
(c 1.16, CHCl,). 

Jones oxidation of the alcohol ( -)-3. A solution of the alcohol 
(-)-3 (471 mg) in acetone (20 an3) was treated with Jones' 
reagent (8 mol drn-,; 1.5 cm3) at 0 "C and the mixture was 
stirred for 15 min. Isopropyl alcohol was added, acetone was 
removed, and the residue was extracted with diethyl ether. The 
ethereal solution was washed successively with 5% aq. NaHCO, 
and brine, dried over MgSO,, and evaporated to afford the 
ketone (-)-lo (453 mg, 97%) as an oil; Calk4 - 101.7 (c 1.50, 
EtOH); v,,,(film)/cm-' 1700; dH(200 MHz; C6D6) 0.74 (3 H, s), 

6&00 MHz) 0.88 (3 H, s), 0.91 (3 H, s), 0.95 (3 H, d, J 7.0) and 
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0.75 (3 H, S) and 0.78 (3 H, d, J 7.0); 6,-(50 MHz; C6D6) 20.6 
(Me), 26.7 (Me), 27.7 (CH,), 31.4 (Me), 33.3 (CH,), 34.7 (C), 
41.1 (CH), 41.6 (CH,), 46.7 (CH), 50.8 (CH), 51.7 (CH,) and 
211.8 (C=O); m/z 180 (M'), 165, 162, 152, 147, 136, 125, 124 
(base), 121, 109, 98, 95, 83, 81, 79, 77, 69, 65 and 55 (Found: 
M', 180.1512. C12H200 requires M, 180.1514); CD [O]263nm 

Zsopropenylation of ketone 10. Isopropenylmagnesium 
bromide was prepared from Mg (100 mg) and 2-bromopropene 
(0.6 cm3) in dry THF (20 cm3) under Ar. The Grignard reagent 
( 5  cm3) was added to a stirred solution of ketone 10 (61.3 mg) in 
dry THF ( 5  cm3) at 0 "C. Additional Grignard reagent (2.5 cm3) 
was added after 1 h. After stirring of this mixture at 0 "C for 30 
min, saturated aq. NH,Cl was added and the mixture was 
extracted with diethyl ether. The ethereal solution was washed 
with brine, dried over MgSO,, and evaporated to afford a 
residue (60 mg), which was separated by silica gel column 
chromatography (20 g) (elution with hexane-EtOAc gradient) 
to give the or-alcohol 12 (24.7 mg, 33%) and the P-alcohol 11 (9 
mg, 12%). Compound 11, oil; vmax(film)/cm-l 3500, 1635, 1605, 

6.0),1.05(3H,s),1.61(3H,s),4.81(1H,brs)and5.04(1H,br 
s); m/z 222 (M'), 204, 189, 181, 163, 151, 137, 125 (base), 107, 
95,81,69, 55 and 41 (Found: M', 222.2019. Cl5H2,0 requires 
M, 222.1985). 

Compound 12, oil; vmax(film)/cm-' 3450, 1630 and 890; 
S&OO MHz; C6D6) 0.90 (6 H, s), 0.94 (3 H, d, J 7.1), 1.20 
(3H1s),1.77(3H,d,JO.5),4.72(1 H,t ,J1.3)and4.79(1 H,s); 

(Me), 30.9 (CH,), 31.4 (C), 35.0 (Me), 39.6 (CH), 41.7 (CH), 
42.0 (CH,), 43.1 (CH,), 45.2 (CH), 75.6 (C), 128.2 (CH,) and 
152.0 (C); m/z (CI, CH,) 205 (M - 18 + H)' [Found: (CI, 
CH,): m/z, 205.1958. C15H25 requires m/z, 205.19561. 

Preparation of compound 13. Ozone was bubbled through a 
solution of compound 11 (9 mg) in dichloromethane (10 cm3) at 
-78 "C for 1.5 h and dimethyl sulfide (1.5 cm3) was added. 
Evaporation of the solvent afforded a residue (7.1 mg), which 
was purified by silica gel column chromatography (2 g) (elution 
with hexane-EtOAc gradient) to give a methyl ketone (4.5 mg, 

The methyl ketone (4.5 mg) was treated with a solution of 
SOCl, (0.02 cm3) in pyridine (0.5 cm3) at 0 "C for 30 min. Water 
was carefully added and the residue was extracted with diethyl 
ether. The ethereal solution was washed successively with 1 niol 
dm-3 HCl and brine, dried over MgSO,, and evaporated to 
afford the ketone 13 (2.8 mg, 68%) as an oil; vmax(filrn)/cm-' 

0.92 (3 H, d, J 5.9), 0.94 (3 H, s) and 1.97 (3 H, s); &(50 MHz; 

127.9, 156.3 and 198.1; m/z 206 (M'), 191 (base), 177, 163, 149, 
135, 121, 107, 91, 79, 65, 55 and 43 (Found: M', 206.1676. 
C14H220 requires M, 206.1671). 

Preparation of enone 14. The alcohol 12 (10.9 mg) was 
similarly converted into a methyl ketone (10.5 mg). The methyl 
ketone (10.5 mg) was dehydrated in a similar way to that above 
to give the ketone 14 (1.2 mg, 12%) as an oil; v,,,(film)/cm ' 
1670and 1630;dH(2O0 MHz) 1.018 (3 H, s), 1.021 (3 H, d, J6.8), 
1.09 (3 H, s), 2.29 (3 H, s) and 6.53 (1 H, s); m/z  206 (M+), 191 
(base), 163, 135, 121 and 107 (Found: M', 206.1661). 

Zsomerizution of the ketone (-)-lo. A solution of ketone (-)- 
10 (453 mg) in dry MeOH (10 cm3) was treated with anhydrous 
K2C03 (100 mg) at  reflux temperature under Ar overnight. 
Water was added and the mixture was extracted with diethyl 
ether. The ethereal solution was washed with brine and dried 
over MgSO, to give a residue (410 mg), which was separated 
with HPLC [Develosil 60-10; hexane-EtOAc (95 : 5) ,  9.9 cm3 
min-'1 to afford the cis-ketone (-)-lo (229 mg, 51%) and a 
trans-ketone ( -)-2 (1 19 mg, 26%). The cis ketone 10 was further 

-6014 (EtOH). 

I450 and 895; dH(200 MHZ; C6D6) 0.93 (3 H, S), 1.03 (3 H, d, J 

dC(100 MHz; C6D6) 18.5 (Me), 23.0 (Me), 26.7 (CH,), 27.1 

50%). 

1705, 1675, 1650 and 1610; 6,(200 MHz; C6D6) 0.78 (3 H, S), 

C6D6) 17.6,26.0,29.1,29.6,31.8,31.9,33.2,39.2,40.1,40.7,48.5, 

isomerized under similar conditions to give the trans-ketone 2 
(200 mg) after separation with HPLC. For trans-ketone (-)-2, 
oil; -51.1 ( c  1.09, EtOH); vmax(filrn)/cm-' 1710; 6,(200 
MHz; C,D6) 0.75 (3 H, s), 0.81 (3 H, d, J6.0) and 0.82 (3 H, s); 
6,-(50 MHz; C6D6) 18.1 (Me), 21.2 (CH,), 26.8 (Me), 31.9 (CH,), 
32.1 (Me), 37.6 (C), 40.4 (CH), 42.9 (CH,), 51.5 (CH), 54.9 
(CH,), 57.6 (CH) and 208.3 (C=O); m/z 180 (M'), 165,147,136, 
125, 109, 95, 81 (base), 67, 55 and 41 (Found: M + ,  180.1505. 
C,,H,,O requires M, 180.1514); CD [O]286nm +3545 (EtOH). 

Zsopropenylation of the trans-ketone ( - )-2. Isopropenyl- 
lithium was prepared by addition of Bu'Li (1.5 mol drnp3; 7.5 
cm3) to a solution of 2-bromopropene (0.5 cm3) in dry THF 
(1 2cm3) at - 78 "C for 30min. Isopropenyllithium (8.8 cm3) was 
added into a solution of the trans-ketone ( -)-2 (178 mg) in dry 
THF (2 cm3) at -78 "C. The mixture was stirred for 1.5 h. 
Water was added and the mixture was extracted with ether. The 
ethereal solution was washed with brine and dried over MgSO,. 
Evaporation of the solvent afforded the isopropenyl alcohol 
(-)-15 (200 mg, 91%) as an oil; [a]A5 -22.4 (c 1.34, EtOH); 

s),l.00(3H,d,J6.0),1.24(3H,s),1.63(3H,brs),4.80(1H,m) 

(CH), 28.5 (Me), 32.1 (CH), 32.4 (C), 34.7 (Me), 39.8 (CH), 43.7 
(CH),44.1 (CH),49.5(CH),51.8(CH),76.7(C), 109.5(CH)and 
152.1 (C);m/z222(M'),207,189,163, 151,147, 137, 125(base), 
109,95,81,69,55,43 and 41 (Found: M', 222.1978. C15H2,0 
requires M, 222.1985). 

Ozonolysis of the alcohol ( -)-15. Ozone was bubbled through 
a solution of the alcohol (-)-15 (227 mg) in dichloromethane 
(30 cm3) for 1 h at -78 "C until the blue colour persisted. The 

VmaX(fih)/Cm ' 3500 and 1450; &(200 MHZ; C6D6) 0.93 (3 H, 

and 5.07 (1  H, m);6,(50 MHz; C6D6) 18.6 (Me), 19.8 (Me), 22.3 

reaction mixture was treated with dimethyl sulfide (2 cm3) for 
1.5 h. The solvent was evaporated off to give a crude product 
(264 mg), which was chromatographed over silica gel (20 g) 
(elution with hexane-EtOAc gradient) to afford the keto alcohol 
(-)-16 (176 mg, 77%) as an oil; [z]kl -30.8 (c 1.23, EtOH); 

s),0.93(3H,d,J6.0),1.24(3H,s),1.73(3H,s)and4.00(1H,s, 
OH);dc(50 MHz; C6D6) 18.3 (Me), 21.7 (CH,), 23.0 (Me), 28.0 
(Me),32.1 (CH2),32.4(C),34.5(Me),39.5(CH),43.8(CH),44.1 
(CH,), 46.5 (CH,), 51.3 (CH), 80.5 (C) and 21 1.2 (C=O); m/z 
(CI, CH,) 225 (M + H)+, 207, 181 (base), 163, 149, 137, 121, 
107, 95, 81. 69, 55 and 43 [Found (CI, CH,): m/z ,  225.1832. 
CI4H25O2 requires m/z,  225.18551. 

Dehydration of the keto alcohol ( - ) - I 6  A solution of the keto 
alcohol (-)-16 (176 mg) in pyridine (2 cm3) was stirred with 
SOCl, (0.5 cm3) for 30 min at 0 "C. Water was added carefully 
and the mixture was extracted with diethyl ether. The ethereal 
solution was washed successively with 1 mol dm-3 HCI (2 x ), 
5% aq. NaHCO,, and brine, and dried over MgSO, to give a 
residue (81 mg) after evaporation of the solvent. The residue was 
purified by column Chromatography over silica gel ( 5  g) (elution 
with hexane-EtOAc gradient) and HPLC [Nucleosil 50-5, 
10 x 250 mm; hexane-EtOAc (97:3), 4 cm3 min-'1 to afford 
the enone (-)-13 (18 mg, 11%) as an oil; -6.0 (c 1.68, 
EtOH). 

Preparation of (+)-conocephalenol [( +)-11. To a stirred 
solution of the enone ( -)-13 (1 8 mg) in dry diethyl ether (1 cm3) 
was added MeLi (1.04 mol dm-3; 0.5 cm3) at 0 "C. The mixture 
was stirred for 15 min at the same temperature Water was 
added and the mixture was extracted with diethyl ether. The 
ethereal solution was washed with brine and dried over MgSO, 
to afford a residue (17 mg), which was purified by HPLC 
[Develosil 60-3; hexane-EtOAc (97:3), 2 cm3 min-'1 to give 
conocephalenol (+ ) -1  (9.4 mg, 48%) as an oil; Calk2 + 5.85 

(3 H, s), 0.996 (3 H, s), 1.007 (3 H, d, J6 .3)  and 1.25 (6 H, s); 
6,(100 MHz; C6Db) 18.1, 26.6, 29.3, 29.5, 29.99, 30.03, 32.5, 
34.2, 40.5, 40.7, 41.5, 48.3, 74.0, 132.7 and 135.9; m/z 222 

V,,,(film)/Cm I 3450 and 1700; 6H(200 MHZ; C6D6) 0.91 (3 H, 

(C 0.94, EtOH); v,,,(fi~rn)/cm~' 3350; 6,(400 MHz; C6D6) 0.90 
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(M'), 207, 204, 189, 175, 164, 149, 133, 119, 107, 93, 79, 59 
(base) and 55. 
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