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Abstract: (-)-Dihydrocarvone was converted into (-)-(4aR, 8aR)-3,4,4a,5,6,7,8,8a-
octahydro-4a,8,8-trimethylnaphthalene-2(H)-one (1) via an efficient route in
which a Wolff-Kishner reduction, 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. (+)-Dihydrocarvone was converted into (+)-{4aR, 78, 8aR)-4a,7-
dimethyl-8-methylene-3,4,4a,5,6,7,8,8a-octahydronaphthalene-2(1H)-one {2}, an
intermediate ketone for the syntilesis of (-)}-muzigadial.

Recently we described the conversion of the racemic decalones 1 and 2 into the racemic insect
antifeedants polygodial 8, warburganal 4 and muzigadial 5. There is however a strong necessity for the
production of nonracemic drimane insectantifeedants because of the possible phytotoxic effects of the
unnatural enantiomers2. Several syntheses of natural {-)-polygodial and (-)-warburganal starting from
natural products? or from (8)-2,2-dimethyl-3-hydroxycyclohexanonet have been reported but there is still
a need for syntheses of these compounds starting from commercially available chiral 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 (-)- and (+)-dihydrocarvone respectively.

(-] or (4)- 1.R; =H, Ry=Ry=CH, 3.R; =R, =H; R2=R3=CH3
dihydrocarvone 2.Ry=CHy :Ry=Ry=(H, 4.Ry=H ;Ry=Ry=CH,y;R,=0H
5. Ry =CHy; Ry= Ry= CH, ;R=0

Both enantiomers of carvone and dihydrocarvone have been widely used in the enantiospecific
synthesis of many sesquiterpenesS. In some cases the isopropenyl group of (dihydro)earvone just served
as a chiral handle which was removed, or converted into an useful functional group, at a suitable stage
in the total synthesis6. This strategy was used also in the conversion of (-)- and (+)-dihydrocarvene 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 0° 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 (-)-
dihydrocarvone and a 72% yield of a mixture of ketol 6 and enone 7. The ketol 6 could be izolated from
this mixture in a total yield of 55% via crystallisation from hexane followed by column chromatography
of the mother liquor. The ketol 6 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 ketol 6 to enone 8 which could be separated from enone 7 with difficulty.

scheme 1

D u m §
[hape +
iy, Ut ",
0 "y o "y 0 a,
| ,Ir () "/ “/

{-}-dihydrocarvone / 6 7

——— i 3 or 4

%, 2,
Cd %

1 1

a MVK, KOH, 0°C; b.KOM, CHyOH, A c. CHyT, KOtBu ; d. H,N—NH, . KOH, 200°C;
e. 0y ; £ Li, NHy.

Ketol 6 could be dehydrated? and methylated8 following standard procedures to give 9. When this
ketone 8 was submitted to a Wolff-Kishner reduction, a complete isomerisation of the olefinic bond from
the isopropenyl sidechain to the conjugated exocyclic position was observed as an accompanying
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 (-}-warburganal as described!.

{+)>-Ketone 2, the starting material for the synthesis of (-}-muzigadiall, was obtained as depicted in
scheme 2. In order to obtain the desired R-configuration at C-4a in this ketone 2, the ketol 12 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 isopropenyl
group in 14 was removed by ozonolysis in methanol followed by decomposition of the ozonide with Cuot+
and Fet++ salts? to give the dienone 15. Conjugate addition of (CHg)e Culi gave the deconjugated enone 18
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 R to 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!®, thus providing the chiral starting material for the
synthesis of (-}muzigadiall,
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scheme 2
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The enone 13, obtained as a byproduct in the Robinson annelation of (+)-dihydrocarvone, could be
converted into the dienone 19 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
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The number of steps and the overall yields in the syntheses of the chiral ketones 1 and 2 from (-)- and
(+)-dihydrocarvone are comparable with those of the syntheses of racemic 1 and 2 starting from 2-
methylcyclohexanone or 2,5-dimethylcyclohexanone respectively.

EXPERIMENTAL PART

Boiling points and melting points are uncorrected. Routine H NMR spectra were recorded on a
Varian EM-390 spectrometer, Chemical shifts are reported in ppm downfield relative to
tetramet.h{vlailane (6 scale). CDCl3 was used as solvent unless stated otherwise. Mass spectral data and
high resolution mass measurements were obtained using an AEI-MS-902 spectrometer. Elemental
analyses were carried out using a Carlo Erba Elemental Analyser 1106. Optical rotations were
measured on a Bellingham and Stanley polarimeter.

Ataueous solutions were usually extracted three times with ether, The combined ethereal extracts were
dried on magnesium sulfate prior to filtration and evaporation of the solvent under reduced pressure.
Flash chromatography was performed on silica gel (230-400 mesh). The petroleum ether used as eluens
had a boiling range of 40-60°C.

)43 Tvdroxy-T-i1sopropen

Methyl vinyl ketone (8. 12‘&,) 116 mmol) in 100 ml of ether was added over a period of 1h to a mixture of (-)-
i d);-ocarvone (15.2 g, 100 mmol) in 150 ml of ether and KOH (2.24 g, 40 mmol) in 10 ml of ethanol at

dih

0°(?.' After the addition was complete, stirrin% was continued for 1h. reaction mixture was washed
with water and with brine and the ethereal solution was dried. The ether was evaporated and the residu
was submitted to Kuselrohr distillation which gave 3.8 g (25%) of recovered (-)-dihydrocarvone and 15.6 g
of a mixture of 6 and 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 chromatography (petroleum ether-ether, 1:1) of the mother liquor first
yielded 3.5 g (17%) of enone 7 as a yellow oil. Further elution with petroleum ether-ether 1:3 gave another
crop of 4.4 g (20%) of ketol 6 as a white crystalline solid, mp 109°C, [a]p -51.9 (c=1.0 in CHCl3).

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, [a]p + 55.3 (c=1.7 in CHClg).

Nydro-7-18Qprop 1

-4 AYINADNHRLHNAIENC- 4L 1) 1€
described above as a yellow oil in 17% yield, [alp -79 (¢c=1.2 in CHCIl3).

--idal y
This enone

4.42.5.6.7,8-Hexal
7 was obtained as

The enantiomer 13 was prepared following the same procedure, starting from (+)-dihydrocarvone. It
was obtained in 15% yield as a yellow oil, [alp + 80.6 (c=1.8 in CHCl3).

S)-4.48 8-Hexal n [H)-one (§
A solution of 18.3 g (82 mmol) of 6 and 8 g of anol was stirred overnight at room
temperature. The mixture was diluted with water and extracted with ether (5x100 ml). The combined
extracts were washed with water and brine, dried and evaporated. The residu was purified b
Kugelrohr distillation at 0.4 torr. The 110-120°C-fraction was collected to give 14.5 g (87%) of 8 whic|
solidified upon standing, mp 37-39°C.
1H NMR & 1.25 (s, 3H); 1.70 (s, 3H); 1.0-2.80 (m, 11H); 4.75 (s, 1H); 4.86 (s, 1H); 5.80 (s, 1H).
HRMS: Caled (M+) m/e 204.1514, found m/e 204.1519
[a]lp + 180.1 (c=1.2 in CHClg).

=)=\g8. .49 Q, (-ReXANYATO L YINAPNLRAI1ene-. [1-00€

To a solution of 16.4 g (146 mmol) of po e in 270 ml of tert-butylalcohol was added a

solution of 13.5 g (66 mmol) of enone 8 in 100 ml of tert-butyl alcohol at room temperature under

m'trogen. The reaction mixture was stirred for 30 min and then iodomethane (12.4 ml, 200 mmol) was

added. The reaction mixture was stirred for 3 h at room temperature and then af)oured into water. The

water solution was extracted with ether (5 x 200 ml) and the combined ethereal extracts were washed

with brine and dried. The solvents were evagorated and the residu was distilled in a Kugelrohr at 0.6

torr. The fraction from 110-120°C was collected to yield 14.4 g (93%) of 9 as a colourless oil6a,

11% ?IMI;I-SI )0.97 (s, 3H); 1.23 (s, 3H); 1.26 (s, 3H); 1.0-2.8 (m, 12H), 4.63 (br s, 1H); 4.84 (br 5. 1H), 5.50 (d, J =
.5 Hz, .

HRMS: Caled (M*) m/e 232.1827, found m/e 232.1830

{alp -65.5 (c=1.0 in CHCl3).

-)-(4aR)-2-1sopropylidene-2.3.4.4a.5.6.7.8-octahvdro-4a rimethvinaphthalene (10).
To a solution of 5.2 g (104 mmol) of hydrazine ’Ilegdrate and 5.2 g (92 mmol) of KOH in 50 ml of diethylene
glycol was added 6.7 g (29 mmol) of ketone 9. The reaction mixture was heated for 3 h at 120°C and then

the excess of hydrazine hydrate and water was removed by distillation. The reaction temperature was
raised to 210°C 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 CaCly. 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.

1H NMR & 1.17 (br s, 9H); 1.73 (s, 3H); 1.82 (5, 3H); 1.2-1.7 (m, 7H); 2.1-2.5 (m, 3H); 6.33 (s, 1H).

HRMS: Caled (M+) m/e 218.2034, found m/e 218.2033

[alp -70.6 (c=1.0 in CHCl3).

-)-(4aR)-4.4a,5.6.7.8-Hexahydro-4a.8,8-trime naphthalene-2(3H)-one (11).

A solution of 5.0 g (23 mmotl) of 10 in 200 ml of methanol was ozonolyzed at -80°C and the reaction was
monitored using gas chromatography. The ozonolysis was continued untill all the starting material was
consumed. The ozonides were reduced by introducing 2 g of dimethylsulfide at -80°C. The
reactionmixture was stirred for 3 h and the temperature was raised to room temperature. Then the
volatile products were evaporated and the residu was purified by flash chromatography (petroleum
ether-ether 85:15). A yield of 3.44 g (78%) of 11, was obtained as a yellow oil.

1H NMR 3§ 1.13 (s, 3H); 1.20 (s, 3H); 1.33 (0,3H); 1.4-2.0 (m, 8H); 2.3-2.7 (m, 2H); 5.97 (s, 1H).

HRMS: Caled (M*+) m/e 192.1514, found m/e 192,1517.

[a]p -105° (e=1.0 in CHClg).

3, a , naphthalene e (1),

i 88 g (9.8 mmol) of 11 and 7.8 ol) of tert butyl alcohol in 25 ml of dry ether was
added to a solution of 0.31 g (45 mmol) of lithi: ml of liquid ammonia. The excess of lithium was
destroyed with solid ammonium chloride and the ammonia was evaporated. The residu was dissolved
in a water-ether mixture and the water solution was extracted three times with ether. The combined
ethereal extracts were washed with brine and dried. The ether was evaporated and the residu was
purified by flash chromat%graphy (petroleum ether-ether 85:15). A yield of 1.72 g (90%) of 1 was obtained
as white crystals, m}f 39°C.
1H NMR & 0.87 (s, 6H); 1.13 (s, 3H); 1.20-1.80 (m, 9H); 2.10-2.60 (m, 4H).

HRMS: Caled (M+) m/e 194.1671, found m/e 194.1670.
[lp -12.8 (¢=1.0 in CHCl).

5 o g LA 12194 1] 2 Q
A solution of 2.22' in 25 ml of ethanol was treated uxtemperature with 10 ml of a
1.4 molar KOH solution in ethapol. After 1 h the reaction mixture was poured into 100 ml of water and
extracted with 5 portions of ether. The combined ethereal extracts were washed with brine and dried.
The solvent. was evaporated and the residu was purified by column chromatography (petroleum ether-
ether 80:10). This afforded 1.85 g (91%) of 14 as a light yellow oil.
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i%NMR 8 1.30 (s, 3H); 1.73 (s, 3H); 1.30-2.00 (m, 6H); 2.30-2.60 (m, 5H); 4.77 (s, 1H); 4.87 (s, 1H); 5.82 (s,

).
HRMS Caled (M+) m/e 204.1514, found m/e 204.1515.
(a]lp -177 (c=2.1 in CHCl3).

->-(4aR)-4a-Methvyl-4 4a.5 6-tetrahydronaphthale ne (15).

A solution of 6.12 g (30 mmol) of 14 in 150 ml of methanol was cooled to -80°C. Ozone was introduced till
the colour of the solution was very light blue. The excess of ozone was expelled:]y N2 and then 12.0 g (60
mmol) of copper(Il) acetate monohydrate and 8.34 g (30 mmol) of iron(II) sulfate heptahydrate were
added. The resulting mixture was stirred overnight at room temperature and the methanol was
evaporated. The residu was dissolved in 50 ml of water and 10 ml of 4 molar hydrochloric acid and this
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 wa:dpm-iﬁed by flash chromatography (petroleum
ether-ether 70:30). A yield of 3.42 g (67%) of 15 was obtained as a light yellow oil.

1H NMR & 1.16 (s, 3H); 1.50-2.00 (m, 4H); 2.30-2.65 (m, 4H); 5.66 (s, 1H); 6.16 (br 8, 2H)

HRMS: Caled (M+) m/e 162.1045, found m/e 162.1043

[alp -476 (¢c=1.0in CHClg).

13CNMR 5 21.2 (g); 23.5 (8; 33.2 (8); 34.1 (t); 35.9 (t); 36.9 (t); 123.5 (d); 127.7 (d); 137.7 (d); 161.9 (s); 199.7 (s).

-(4aR. TR Dimethyvl-3.4.4a,5.6.7-hexal naphthalene-2 one (16),

A solution of dimethylcopperlithium was prepared in dry ether by adding 15 ml of a 1.6 molar solution of

methyllithium (24 mmol) in ether to a suspension of 2.29 g (12 mmol) of copper(I) iodide in ether at 0°C.

After 15 min a solution of 1.84 g (12 mmol) of 15 in ether was added and the reaction mixture was stirred

for 30 min. A saturated aqueous ammonium chloride solution was added and stirring was continued for

15 min. The reaction mixture was extracted with ether (3x100 ml) and dried. The ether was evaporated

and the residu was purified by flash chromatography (petroleum ether-ether 90:10). A yield of 1.86 g

(87%) of 16 was obtained as a yellow oil.

1H NMR & 0.92 (d, J=6Hz, 3H); 1.20 (s, 3H); 1.45-1.90 (m, 6H); 2.00-2.70 (m, 3H); 2.78 (dd, J=16, 2Hz, 1H);

3.22 (dt, J=16, 2 Hz, 1H); 5.26 (dd, J=3, 2 Hz, 1H)

HRMS: Caled (M+) m/e 178.1358, found m/e 178.1354. )

;:(‘1)(9‘, :I;I?/I)R 8 21.0 (q); 24.0 (q); 26.6 (t); 29.7 (d); 34.2 (s); 35.2 (t); 37.9 (t); 38.1 (1); 48.5 (t); 129.5 (d); 137.1 (s);
.3 (8).

{a]p + 42 (c=2.4in CHClg).

4aR. TR, 85)-4a.7-Dimethyl-4,4a,5.6.7.8-hexah 8 : alene-2 )
To a solution of 1.32 g (7.4 mmol) of 18 in 10 ml of acetic anhydride, a catalytic amount of dp
toluenesulfonic acid was added. After 16 h the acetic anhydride was evaporated in vacuo and the residu
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 9:1) to give 1.47 g
§90%) of t{loe dienol acetate, []p + 261 (c=5.8 in CHCIl3). The spectral data were in agreement with the
iteraturel?.

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 g (8.4 mmol) of oxone R was added. After stirring for 16 h the methanol was
evaporated and the residu 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 § 0.87 (d, J=6Hz, 3H); 1.42 (s, 3H); 1.10-2.85 (m, 10H); 3.30 (br. s, 1H); 3.97 (d, J=2Hz, 1H); 5.78 (s,

1H).
HRMS: Caled (M+) m/e 194.1307, found m/e 194.1311.

! a A 48 8 2l ene a 0 O,.08-0CL8 dronap alene-s ) ¢

Ketone 2 was prepared from 17 in four steps using standard proceduresl¥. 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.

1H NMR § 0.92 (s, 3H); 1.10 (d, J=6Hz, 3H); 1.20-1.90 (m, 8H); 2.10-2.70 (m, 6H); 4.50 (br.s, 1H); 4.81 (br.s,

1H).

[odp + 72 (¢=0.25 in CHCl3) .

+)-(4a8)-4 ethyl-4 4a.5 6-tetrahvdronaphthalene-2(3H)-one )

This dienone 19 was prepared from enone 18 as described for its enantiomer 15. Dienone 19 was obtained
in 55% yield as a light yellow oil, [alp + 187 (c=6.03 in CHCl3).

[12-01)

(+)-(4aS)-4,4a,5,6,7,.8-Hexahydro-4a-methylnaphthalene-2(3H)-one (20)

To a solution of 8.8 mmol of Li-selectride in 40 ml of THF and 8 ml of HMPA was added a solution of 1.30
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
re?lidu vqelas purified by flash chromatography (petroleum ether-ether 3:1) to give 1.12 g (86%) of 20 as a
yellow oil.

[alp + 202 (¢c=1.0 in CHClg).
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