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accompanied with a double bond 
isomerisation brought on a major simplification. Ketone 1 is a suitable 
intermediate for the syntheses of the insectantifeedants (-)-polygodial and (-)- 
warburganal. (+)-~yd~a~one was converted into (+)_(4aB, 75, 8aRMa,7- 
~me~yl-am~yle~e-3,4,4a,5,6 7,8,sasetahydronaphthalene_2(lH)-one (2), an 
intermediate ketone for the synthesis of (-)-muzigadial 

Recently we described the conversion of the racemic decalones 1 and 2 into the racemic insect 
antifeedants polygodia13, warburgana14 and musigadial51. There is however a strong necessity for the 
production of nonracemic drimane insectantifeedants because of the possible phytotoxic effects of the 
unnatural enantiomersz. Several syntheses of natural (-)_polygodial and (-)-warburganal starting from 
natural products3 or from (S)-2,2-d~e~yl-3-hydro~~clohe~none* have been reported but there is still 
a need for syntheses of these compounds starting from commercially available ehiral starting 
materials. Besides non of the reported routes can be applied easily for the synthesis of natural (-)- 
muzigadial. Therefore we now report on two routes for the syntheses of the chiral decalones 1 and 2 
starting from (-I- and (+)-dihydrocarvone respectively. 

1-l Of I+)- 

di hydrocorvone 

1. R, =H, R,.R,.CH, 3, R, .R,=H: R2=R,zCH, 

2. R, = CH, : R,=R,=CH, 4. R,=H ;R2=RJ=CH,:RL.0H 

5. R,=CH,:R2= R,= CH, ;R,=o 

Both enantiomerr of earvone and dihydro-earvone have been widely used in the enantiospeci& 
synthesis of many sesquitexpenes~. In some cases the isopropenyl group of ~dihy~)~~one just served 
as a ehiral handle which was removed, or converted into an useful functional group, at a suitable stage 
in the total synthesiss . This strategy was used also in the conversion of (-I- and (+Mhydrocarvone into 
the chiral decalones 1 and 2 respectively. 

(-)-Dihydrocarvone was converted into (-&ketone 1 starting with a conventional Robinson annelation’ 
(scheme 1). The ketol 6 could be isolated easily using a procedure in which dehydration of this 
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intermediate was prevented. This could be accomplished by performing the reaction with KOH as 

catalyst at O” in ether/ethanol as solvent, using a relatively short reaction time of one to two hours. After 
work up the residu was subjected to Kugelrohr distillation which gave a 25% recovery of (-I- 

~yd~~one and a 72% yield of a mixture of keto16 and enone 7. The keto16 could be isolated from 

this mixture in a total yield of 55% via crystallisation from hexane followed by column chromatography 
of the mother liquor. The ketol6 could be separated easily by chromatography from the enone 7 which 

was eluted first in 17% yield. Longer reaction times and higher reaction temperatures resulted in 
dehydration of keto16 to enone 8 which could be separated from enone 7 with difficulty. 

scheme 1 

11 1 

(1. MVK, KOH. O’C ; b. KOH. CH,OH, A ; L. CH,I , KOl&i r d. H,N-NH, . KOH. 200 *C; 

e. 0, , f- Li , NH3 

Ketol6 could be dehydrated7 ‘and methylateds following standard procedures to give 9. When this 

ketone 9 was submitted to a Wolff-Kishner reduction, a complete isomerisation of the olefmic bond from 

the iaopropenyl sidechain to the conjugated exocyclic position was observed as an accompan~ng 

reaction. Since selective ozonolysis of this exocyclic double bond proved possible in good yield, this 
sequence thus provided a short route for the conversion of the former chiral handle into the desired 

carbonyl group at C-2. Lithium-ammonia reduction of the double bond then gave the (-)-ketone 1 which 

can be converted into (-)-polygodial or (-I-warburganal as describedl. 
(+)-Ketone 2, the starting material for the synthesis of (-~rn~ga~~l, was obtained as depicted in 

scheme 2. In order to obtain the desired R-configuration at C-Pa in this ketone 2, the ketol12 had to have 
the R-configuration at C-4a which required the use of (+)-dihydrocarvone as starting material for the 
Robinson annelation. 

Enone 14 was obtained from (+)-dihydrocarvone as described for its enantiomer 8. The ieopropenyl 
group in 14 was removed by oxonolysie in methanol followed by decomposition of the oxonide with Cu++ 
and Fe++ saltso to give the dienone 16. Co@gate addition of (CH& CuLi gave the decon&@ed enone 16 
with the methyl groups in the transposition, the C-7 epimer was formed in trace amounts. Enone 16 was 
converted into its dienol acetate which was oxidized with oxone B ta the known unsaturated ketol 1710. 
The isomerisation and selective protection of 17 to 18 followed by epimerisation, Wittig reaction and 

hydrolysis then gave (+)-ketone 2 as described 10, thus providing the chiral starting material for the 

synthesis of (-)_muxigadiall. 
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scheme 2 
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o. MVK. KOH. O°C ; b. KOH, CH30H , A : c. Oz. Cu*+. Fe++ : d. Wi31~CuLi ; e. Ac20,TrOH ; 
f. oxone ; q. HBr. fC2H&O . h. tie, (HOCH,i2 : i. @,PCH, ; j. H@, H,O. 

The enone 13, obtained as a byproduct in the Robinson annelation of (+jdihydrocarvone, could be 

converted into the dienone 18 by ozonolysis as described for its epimer 14 (scheme 3). Selective 1,6 
reduction with Li-selectride gave the enone 20 in 86% yield. The conversion of 20 into ketone 1 is standard 

chemistry. 

scheme 3 

19 20 

The number of steps and the overall yields in the syntheses of the chiral ketones 1 and 2 from t-l- and 

(+)-dihydrocarvone are comparable with those of the syntheses of racemic 1 and 2 starting from 2- 

methylcyclohexanone or 2,5dimethylcyclohexanone respectively. 

had a boiling range of 40-60°C. 

< 1-(4aS. 
& 

75.8aS) 8a Hvdroxv 7 1s~ _ _ _ _- _ _ ethvl-3.4.4a.5.6~~~~~len~2~1Hr~ 

Meth 1 vinyl ketone (8.12 ,116 mmol) in 100 ml of ether was added over a period of lh to a mixture of (-)- 
dih Jocarvone (15 2 g lb mmol) in 160 ml of ether and KOH (2.24 
0’2 After the add&lo; was corn lete stirrin was continued for lh. 

40 mmol) in 10 ml of ethanol at 

tl! I 
b&e reaction mixture was washed 

with water and w&h brine and 
was submiti to Ku 

e ethereal so ution was dried. The ether was evaporated and the residu 

of a mixture of 6 
lrohr distillation which gave 3.8 g (25%) of recovered (-j-dihydrocarvone and 16.6 g 

lYe an enone 7. The mixture of 6 and 7 solidified and was recrystallized from hexane to 
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yield 7.7 g (35%) of pure 6. Flash 
yielded 3.5 g (17%) of enone 7 as a 
crop of 4.4 g (20%) of ketol6 as a w 
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aphy (petroleum ether-ether, 1:l) of the mother liquor first 

P 
etroleum ether-ether 1:3 gave another 
a]D -51.9 (~1.0 in CHC13). 

The enantiomer 12 was prepared following the same procedure, starting from (+)-dihydrocarvone. It 
was obtained in 55% yield as a white crystalline solid, mp 109’C, [U]D + 55.3 (~1.7 in CHC13). 

.2 in CHC13). 

The enantiomer 13 was prepared following the same procedure, starting from (+J-dihydrocarvone. It 
was obtained in 15% yield as a yellow oil, [UID + 80.6 (c=1.8 in CHC13). 

Kugelrohr distillation at 0.4 torr. The llO-120”Cfiaction was c 
solidified upon standing, mp 37-39’C. 
1H NMK 8 1.25 (s,3H); 1.70 (s, 3H); 1.0-2.80 (m, 11H); 4.75 (8, 1H); 4.86 (8, 1HJ; 5.80 (8, 1HJ. 
HKMS: CaIcd @I+) m/e 204.1514, found m/e 204.1519 
[a] D + 180.1 (c=1.2 in CHC13). 

nitro en. The reaction mixture was stirred for 30 min and then iodomethane (12.4 ml, 200 mmol) was 
adde d . The reaction mixture was stirred for 3 h at room temperature and then oured into water. The 
water solution was extracted with ether (5 x 200 ml) and the combined ethere a? extracts were washed 
with brine and dried. The solvents were eva 
torr. The fraction from llO-120°C was collecte 8” 

rated and the residu was distilled in a Kugelrohr at 0.6 
to yield 14.4 g (93%) of 9 as a colourless 0iP. 

1H NMK 8 0.97 (s, 3H); 1.23 (s,3H); 1.26 (8, 3H); 1.0-2.8 (m, 12HJ, 4.63 (br 8, 1H); 4.84 (br 8. lH), 5.50 (d, J = 
4.5 Hz. lH). 
HRMS CaIcd (M+) m/e 232.1827, found m/e 232.1830 
[a] D -65.5 (c&O in CHC13). 

50 ml of diethylene 

the excess of h draxine 
raised to e 

hydrate and water was removed by distillation. The reaction temperature was 
210° and heated for 2 h. After cooling the reaction mixture was poured into water and 

extracted with ether (3 x 100 ml). The ethereal solution was washed with brine and dried on CaC12. The 
ether was evaporated and the residu was purified by flash chromatography (petroleum ether). A yield of 
4.3 g (70%) of diene 10 was obtained as a colourless oil. 
1HNMK 5 1.17 (br s, 9H); 1.73 (s,3H); 1.82 (s,3H); 1.2-1.7 (m, 7H); 2.1-2.5 (m, 3H); 6.33 (8, 1H). 
HRMS: C&d (M+) m/e 218.2034, found m/e 218.2033 
[a] D -70.6 (c=l.O in CHCl3). 

vl aohthalene-2(3HJ-one a). 
of zethanol was ozonolyxed at -80°C and the reaction was 

rated and the residu was purified b 
K 

flash chromatography (petroleum 

1H NMK 5 1.13 (s,3 
(78%) of 11, was obtained as a ye1 ow oil. 
1.33 (0,3HJ; 1.42.0 (m, 8HJ; 2.3-2.7 (m, 2HJ; 5.97 (8, 1H). 

HKMS: CaIcd (M+) m/e 192.1514, found m/e 192.1517. 
[a] IJ -1OP (c=l.O in CHC13). 

of dry ether was 
cess of lithium was 

ethereal extracts were washed with brine and dried. The ether was evaporated and the residu was 
aphy (petroleum ether-ether 85:15). A yield of 1.72 g (90%) of 1 was obtained 

1.20-1.80 (m, 9H); 2.10-2.60 (m, 4H). 
HKMS: CaIcd (M+) m/e 194.1671, found m/e 194.1670. 
[a] D -12.8 (c=l.O in CHC13). 

The solvent was evaporated and the reeidu was purified by column chromatography (petroleum ether- 
ether 9O:lO). This aEorded 1.85 g (91%) of 14 as a Iight yellow oil. 
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1H NMR 3 1.30 (s, 3~); 1.73 (s, 3~); 1.30-2.00 (m, 6H); 2.30-2.60 (m, 5Hk 4.77 (8, 1H); 467 (B* lH); 5*82 (s, 1H). 
HRMS Cakd (M+) mle 204.1514, found m/e 204.1515. 
[a] p -177 (cr2.1 in CHCIg). 

ed to -8OOC. Ozone was introduced till 
the colour of the solution was very light blue. The excess of ozone was expelled b N2 and then 12.0 g (60 
mmol) of copper acetate monohydrate and 8.34 
added. The resultin mixture was stirred overmg .t 

(30 mmol) of iron(I1) s UT fate heptahydrate were 
t at room temperature and the methanol was 

evaporated. The rear u was dissolved in 50 ml of water and 10 ml of 4 molar hydrochloric acid and this *f 
mixture was extracted with 5 portions of 100 ml of ether. The combined extracts were washed with brine 
and dried. The ether was evaporated and the residu was 
ether-ether 70~30). A 
1H NMR 3 1.16 (s,3H 

‘eld of 3.42 g (67%) of 16 was obtain 
urified by flash chromatography (petroleum 

r 
edp as a light yellow oil. 

; 1.50-2.00 (m, 4H); 2.30-2.65 (m, 4H); 5.66 (8, 1H); 6.16 (br 8, 2I-I) 
HRMS: Cakd RIL+) m/e 162.1045. found m/e 162.1043 
[alp -476 (c=l:Om CHCJ ) ’ UC - 5 21.2 cq); 23.5 (3; 33.2 (8); 34.1 (t); 35.9 (t); 36.9 (t); 123.5 (d); 127.7 (d); 137.7 (d); 161.9 (8); lggm7 (B). 

(87%) of 16 was obtained as a yellow oil. 
1H NMR 5 0.92 (d, J=GHz, 3H); 1.20 (s,3H); 1.45-1.90 (m, 6H); 2.00-2.70 (m, 3H); 2.78 (dd, J=l6,2Hz, 1H); 
3.22 (dt, J=16,2 Hz, 1H); 5.26 (dd, J=3,2 Hz, 1H) 
HRMS: Caicd (M+) m/e 178.1358, found m/e 178.1354. 
13C NMR 3 21.0 (q); 24.0 (q); 26.6 (t); 29.7 (d); 34.2 (8); 35.2 (0; 37.9 (t); 38.1 (t); 48.5 (t); 129.5 (d); 137.1 (8); 

209.3 (8). 

[a] D + 42 (c=2.4 in CHC13). 

0-(4aR.ro 8 _ _ hvdroxvnaohthalene-2(3H) o e (ul 
To a solution of 1.32 g (7.4 mmol) of 18 in 10 ml of acetic anhydride, a cata$tic amount of 
toluenesulfonic acid was added. After 16 h the acetic anhydride was evaporated in vacua and the rest u Z 
was dissolved in ether. The ethereal solution was washed with sodium hydrogen carbonate and with 
brine and dried. The residu was purified by chromatography (petroleum ether-ether 9:l) to give 1.47 g 
(90%) of the dienol acetate, [a] D + 261 (c=5.8 in CHC13). The spectral data were in agreement with the 
literaturelo. 

The dienol acetate was dissolved in methanol. Then 1.76 g (21 mmol) of solid sodium hydrogen carbonate 
was added. At 0°C 5.6 

-3 
(8.4 mmol) of oxone R was added. After stirring for 16 h the methanol was 

evaporated and the rem u was dissolved in water and extracted with ether. The ether was evaporated 
and the residu was purified to afford 0.87 g (81%) of 17. 
1H NMR 3 0.87 (d, J=GHz, 3H); 1.42 (B, 3H); 1.10-2.85 (m, 10H); 3.30 (br. 8, 1H); 3.97 (d, J=2Hz, 1H); 5.78 (8, 
1H). 
HRMS: Cakd (M+) m/e 194.1307, found m/e 194.1311. 

I+)-(4aR. 7Sk4a.7-Dimethvl-8-met$&pe -3.4.4a.5.6--octahvdro auhthaIene-2(1H) 
Ketone 2 was urenared from 17 in four steps using standard procec&reslO. Since mixtures of compounds 
were involved-no optical rotations were measured-for the intermediate compounds. 
Ketone 2 was obtained in 65% overall yield from 17, mP 65-66’C. 
1~ - ij 0.92 (8, 3~); 1.10 (d, J=GHz, 3H); 1.20-1.90 (m, 8H); 2.10-2.70 (m, 6H); 4.50 (br.s, lH); 4.81 (br.s, . II\ 
[aID + 72 (c=O.25 in CHC13) . 

( ) (4aS)-4a Methvl-4.4a.5.6-tetrahv&qp&thaIene-2~3~ 
‘I&s dienone 19 was pre 

1 
ared from enone 13 as described for its enantiomer 15. Dienone 19 was obtained 

in 55% yield as a light ye low oil, [alp + 187 (c=6.03 in CHC13). P 

W-(4aS) . a.5.6.7.8 Hexahvdro-4a -)-one (26) 
To a solu<A of 8 8 mm01 of Li-seledride 240 k of&F and 8 ml of HMFA was added a solution of 130 
g (8 mmol) of dienone 19 in 5 ml of THF at 0°C. The reaction mixture was stirred for 1 h at 0°C and then 
water was added. The layers were separated and the water solution was extracted with ether. The 
combined ethereal extracts were washed with brine and dried. The solvents were evaporated and the 
residu was purified by flash chromatography (petroleum ether-ether 3:l) to give 1.12 g (86%) of 20 as a 
yellow oil. 
[alp + 202 (c=l.O in CHC13). 
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