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Enantioseiective Synthesis of Cadinanes
Starting from R-(-)- or S-(+)-Carvone
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Abstract: A new enantioselective synthesis of cadinanes, using the Mukaiyama-Michael reaction, was
developed starting from R-(-)- or S-(+)-carvone. This approach gives an easy and direct access to the
cadinane skeleton and the scope proved to be complementary to a formylation-annelation sequence. The
applicability of the method was demonstrated by the enantioselective synthesis of 1,9-cadinadien-3-one and

4-methoxy-1,9-cadinadien-3-one. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

Both enantiomers of carvone have been widely used as starting material in enantioselective syntheses of natural
products!. In our laboratory the conversion of S-(+)-carvone into drimanes?, (+)-o-cyperone3, (-)-1,1,4a-
trimethyl-2-decalol4 and (+)-geosmin“ has been investigated. A conjugate addition-annelation procedure has been
devcloped5 that opens up alternative dpproaches towards the synthesis of drimanes® and (-)-ambrox’ and recently

1

examples have been I'CpUYlC(l

\D
)

Beauhaire er a/!'0 which employs a formylation-Robinson annelation sequence for the construction of a nor
cadinane skeleton. We have investigated this approach also and have obtained similar resuits aithough the method
appeared to be of limited scope in our hands. Therefore an approach, using the Mukaiyama-Michael reaction,
was developed which proved to be limited in scope as well, but complementary to the formylation-annelation
sequence. The method gives an easy and direct access to the cadinane skeleton!!,
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Resuits and discussion

The formylation of carvone followed by Michael addition to methyl vinyl ketone or acrolein proceeds without
difficulties and in a good yield. Further cyclisation of adduct 3 to the nor cadinane skeleton 4 could be achieved
in 71% yield. In contrast, isopropenyl methyl ketone and acrylonitrile did not react with hydroxymethylene

carvone (2) in our hands (see scheme 1).
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scheme 1

Therefore an alternative approach, using a Mukaiyama-Michael reaction of the kinetic silyl enol ether of carvone
6, was investigated and this method gave results that were complementary to the formylation-annelation
uence. The Mukaivama-Michael reaction of silyl enol ether 6 gave good results with isopropenyl methyl
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isopropyl group (see scheme 2').
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The reaction has to be quenched quickly because longer reaction times give rise to further intramolecular reactions
of the intermediate silyl enol ether to bicyclic products 12 and after 4 h these bicyclic compounds are the only
reaction products observed!2. 13,

Quenching after 5 minutes proved to be most effective and the reaction mixture then contains startin
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't in a ratio 5:85:9. The Mukaiyama-Michael reaction of silyl en
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cis mono-adducts 13 and 14 in an 84:16 ratio respectively.

To illustrate the utility of this approach for the synthesis of cadinanes, some further transformations of the
adducts 7, 10 and 25 leading to the natural products 1,9-cadinadien-3-one (26)!4 and 4-methoxy-1,9-
cadinadien-3-one (29)!5 were performed (see schemes 3 and 4).

The cyclisation of the diketones 7 with KOH in methanol for | h at room temperature gave the unsaturated
bicyclic ketones 15 and 16 in 70% yield based on carvone, the ratio of the epimers depends on the reaction

conditions. The kinetic ketone 15 can be obtained as the only product when a large excess of base was used for a

o,

compound 15 can be hydrogenated selectively with Wilkinson's catalyst to give compound 21, n

the endocyclic conjugated double bonds was observed after 24 h.
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The transformation of ketones 15 and 16 into 4-methoxy-1,9-cadinadien-3-one (20) was realised via
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fluoride {TBAF) to give a mixture of the hydroxyketones 17 and 18 in 74% yieid. As expected, the attack of the
double bond occurred from the pseudo-axial position leading to the most stable product with an equatorial methyl
group, trans to the isopropenyl group. The stereochemistry of compound 17 was confirmed by X-ray
analysis!7. In the hydroxylation of the ketones 15 and 16, a 10% yield of the minor epimer 18 was obtained,
this result again witnesses that the isopropenyl group does not create enough steric hindrance to give complete

stereoselectivity in the epoxidation reaction. The synthesis of 4-methoxy-1,9-cadinadien-3-one was completed by

methvlation of the hvdroxy group followed by selective homogeneouns hydrogenation of the double bond in the
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ketone 20 were in full agreement with those reported in the literature for the natural product, however, the
magnitude and sign of the optical rotation of our synthetic product 20 (jaj, -139. 7 ) was different from that

reported for the natural product ([a], +28°). Special spectral decoupling experiments were carried out to confirm

our assignment of the configuration of the proton at C-6 in compound 2@, because during the methylation under
basic conditions, in theory an epimerisation may occur. It was found that the coupling constant J between the

protons at C-6 and C-7 was 11 Hz, which confirms their trans relationshi D. Therefore we came to the conclusion
'hﬂt 176 hQA cUN hpc'kﬂl; fhe ananfinmare nF f"lﬂ ﬂ')fl]fql I’\l"(\f‘l‘l‘f Qﬂlq TN '.Ifll’ lf\ !'l’ nvmr;mnnrr XD N APPLO, Nt
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to definitively confirm the stereochemical assignments.

First the reduced compound 10 was cyciised and the mixture of bicyciic ketones 21 and 2Z was hydroxyiated
and methylated to give the same enantiomer 20, which had been synthesised before. Similar as in the
Mukaiyama-Michael reaction of 9, it was observed that the epoxidation of the silyl enol ether of 21 and 22 was
more selective than that of the silyl enol ether of ketones 15 and 16, again indicating the greater steric influence

of the isopropyl group in comparison to that of the isopropenyl group.
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scheme 4

an isopropyl sidechain gave greater ss‘cctavxty in their reactiong, S-(+)-carvone was first reduced to 24 This
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was assumed in the literature to be as indicated, probably in analogy to other cadinanes that were isolated from
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Experimental

General and instumentation. Melting points are uncorrected. Infrared spectra were recorded on a FTIR,

Biorad FTS 7 spectrometer and onlv characteristic ahqnmtmnq are reported. H NMR spectra were measured in

deuteriochloroform solutions with residual CHCI 2 ag internal standard on Bruker AC-E 200 or DPX 400 where
cmanifind Amanating ot YWY L1 AN RALT ~eomnatierales 1‘{"’ AIMAD smmanten srama snnamdad Ao Demslonw AN
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operating at 50 MHz. Chemical shifts are reported in parts per million (8) and coupling constants are in Hz. MS
data were determined at 70 eV on a Hewlett Packard 5890B series Mass Seiective Detector, coupied with a DB-
17 fused silica capillary column, 30 m x 0.25 mm i.d., film thickness 0.25 pum. The ratios m/z and relative
intensities (%) are indicated for the significant peaks. Helium was used as the carrier gas. HRMS data were
obtained with a Finnigan MAT 95 spectrometer. Optical rotations were recorded on a Perkin-Elmer 241
polarimeter at 20 °C for chloroform solutions and concentrations are specified in g/100 mL. Gas chromatography
was performed on a 5890 Series II Hewlett Packard gas chromatograph using a DB-17 fused silica bonded
capillary column (30 m x 0.25 mm i.d.), programmed from 100-250 °C at a rate of 10 °C/min. Column
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and EtCAc (EA) as the solvent sysiem. Solvenis were dried and freshly distilled by common practice. Al
reactions were carried out under a positive pressure of nitrogen. Usual work up refers to washing extracts with
brine, drying over anhydrous MgSOy, filtering and evaporating under reduced pressure. Reactions were
monitored by TLC silica gel plates (Merk Kieselgel 60 F-254) and visualisation of the compounds was

accomplished by u. v. light, and/or spraying with an anisaldehyde acidic solution.

(SR)-5-Isopropyl-2-methyl-2-cyclohexen-1-one and (5S)-5-Isopropyl-2-methyl-2-cyclohexen-
1-one were prepared!? in 64% yield from R-(-)-carvone ( [a], = -54.3) and S-(+)-carvone(fat] = +40.3),

——
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Isopropenyl methyl ketone was prepared20 in 40% yield. 'H NMR 1.84 (br s, 3H), 2.30 (s, 3H), 5.78 (br
s, 1H), 5.93 (s, 1H); IR (film) 3073, 2970, 1681, 1632, 1364, 1142, 938.

(5R)-6-Hydroxymethylene-S-isopropenyl-2-methyl-2-cyclohexen-1-one (2)
To 4.8 g of a 50% suspension of sodium hydride in mineral oil (100 mmol) in 200 mL of dry ether was added
dropwise a mixture of 12.0 g (80 mmol) of S-(+)-carvone and 14.8 g (160 mmol) of ethy! formate in 100 mL of

Arv athar at rann tananaratiire Ftar ctirring nuarnicht tha reartinn mivtiira wac wached wsit 2 nartinne nf 104}
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il Ol d 1 vi agucoud potaddIiulll HNYUTUAIUC SULULIVIL, THT CULUHICU aULUUd jaytls wil atiuiliviy willl

1

hydrochioric acid and extracted with ether. The etheral extracts were washed with brine and dried over MgSOa.
Evaporation under reduced pressure gave 13.90 g (97%) of crude hydroxymethylene ketone 2 as a yellow oil
which was used without further purification. An analytical sample was obtained by flash column chromatography
on silicagel with PE/EA 98:2 as eluent.



HRMS found M" 178.0992. C|H 407 requires 178.0994; [at]  + 7.6 (c 6.6); 'H NMR 1.68 (s, 3H), 1.81 (s,
D

3H), 2.37 (m, 2H), 3.23 (t, / = 7 Hz), 4.75 (s, 1H), 4.81 (s, iH), 6.46 (m, iH), 7.40 (d, / = 9 Hz, 1H),
14.50, (d, J = 9 Hz, 1H); '’C NMR 15.2 (q), 19.4 (q), 28.8 (1), 41.5 (d), 109.4 (s), 113.4 (1), 134.3 (s), 140.9
(d), 145.4 (s), 168.8 (d), 189.2 (s); MS 178 (M", 38), 109 (100), 91 (44), 41 (36).39 (59).
(SR)-5-Isopropenyl-8-methyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone (4)

To a solution of 5.5 g (30.9 mmol) 2, 5 mL of triethylamine and one pellet of KOH in 100 mL of ethyl acetate
was added methy! viny! ketone at 0 °C. After stirring at 0 °C for 2.5 h the reaction mixture was acidified with 2 M

aqueous HCI solution and extracted with ethyl acetate and after evaporation of the solvent the residue was
r‘] aluved in 100 ml Af mathanal Amnenne KOH enlntinn wac added tn tha mathanal enlntiaon at 0) ° Aftar 1 h
SCIveq mn 1V ML Of methand: AJulUUd Ui SULLL Wad AlGUU WO Wi v aianUs SUIuuUil Qe U . Saaed

methanol was evaporated and the product was extracted with ethyl acetate followed by usual work up.
Recrystaiiization of the residu from diisopropyiether afforded 3.4 g (71%) 4 as slighily yeiliow crystais with m.p.
71-72 °C.
'H NMR 1.69 (s, 3H), 1.84 (s, 3H), 4.82 (bs, 2H), 5.94 (bs, 1H), 6.12, (m 1H); 13C NMR 18.2 (q), 19.4 (q),
27.7 (1), 31.8 (1), 37.9 (1), 38.1 (d), 48.7 (d), 113.6 (1), 122.1 (d), 131.8 (d), 136.8 (s), 145.9 (s), 159.2 (s),
200.8 (s).
(1R,6R)-1-(3'-exopropyl)-6-isopropenyl-3-methyl-2-0x0-3-cyclohexene-1-carboxaldehyde (5)
A solution of 13.1 g (73.6 mmol) of 2 in 200 mL of ethyl acetate was treated with 8.7 g (85.9 mmol) of

. . o

triethylamine and a pellet of potassium hydroxide and cooled to 0 °C. A solution of 4.8 g (85.9 mmol) of freshly
Aigrillad 1 AdaAd A H 1re 1 - s H

distilled acrolein was added dropwise with stirring. After 1 h the reaction mixture was diluted with ether and

| N 3 Lt Lo PRV ay 1 TR G RN e e v v A 3
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washed with diluted hydrochloric acid. After drying over MgSOg4 the solution was concentrated under reduce
pressure and purified by flash chromatography to give 15.9 g ( 92%) of § as a viscous colourless oil.

HRMS found 234.1254. C14H 1303 requires M"™ 234.1256; 'H NMR 1.61 (s, 3H), 1.74 (s, 3H), 2.0-2.8 (m,
TH), 4.62 (s, 1H): 4.77 (s, 1H), 6.67 (m, 1H), 9.62 (s, 1H), 9.78 (s, 1H); °C NMR 15.6 (q), 22.0 (g), 23.6
(t), 28.5 (1), 38.4 (1), 49.0 (d), 60.6 (s), 115.4 (t), 134.7 (s), 143.2 (d), 143.4 (s), 197.5 (s), 200.5 (d), 201.7
(d); MS 234 (M7, 5), 121 (100), 82 (82), 41 (71), 39 (88).

General procedure for the preparation of the TMS enol ethers of carvone and dihydrocarvone.

A solution of ketone (4 mmol) in THF (10 mL) was added to a stirred solution of LDA (4.32 mmol) in THF (10
e s QO PURTS T p, A o mnbnliitioa smmnciead A F b cea bl T L4 e MY innton TAAC] a—— € annsnnanl
nL)j at -78 °C in the presence of a catalytic amount of phenanthroline. After 20 min TMSCI (0.6 mL., 4.75 mmol)

was added and the reaction mixture was allowed to warm to room temperature for 1 h until the red coior of the
phenanthroline anion had faded. The solution was then poured into a cold saturated solution of NaHCO3 and
brine (1:1). The water phase was extracted with PE followed by the usual work up. The crude TMS enol ethers

were used without further purification.

General procedure for the Mukaiyama reaction of the dienol silyl ethers .

I'rityl antimonium hexachloride (786 mg, 1.36 mmol) was added in one portion to a stirred solution of the dienol
1

il AR [REvES NSy

r (25 mmel) and the unsaturated ketone (27 mmol) at -78 OC. The reaction was quenched with nvridine

~ WAL Py

(4 mL) after 5 min (after 1 min for methyl vinyl ketone). The mixture was warmed to room temperature, 2 M

T~ YIS oy e 1 L

HCI (40 mL) in THF (50 mL) was added and stirring was continued for 1 h. Then the wa

B r

with PE, washed subsequently with 1 M solution of HCI, a saturated solution of NaHCO3 followed by usual
work up and flash chromatography with (PE/EA 92:8) as eluent.
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Dikeiones 7a, 7b and 3 were 1solaied in 70% yield in a raiio of 64:21:15 respeciively.
(28,2'R,3KR)-3-Isopropenyi-6-methyl-2-(Z'-methyi-3'-oxo-butyl)-5-cyciohexen-1-one (7a)
Compound 7a was isolated as an oil, partly separated from its 2R isomer 8. GC R,9.30 min (R, of 2R-isomer 8
9.51 min); IR (film) 3073, 2970, 2925, 1712, 1667, 1433, 1364, 893; 'H NMR 1.08 (d, J = 7.4, 3H), 1.36
(ddd, J = 13.7, 10, 4, 1H), 1.73 (br s, 6H), 1.78 (ddd, J = 13.7, 10, 3, 1H), 2.11 (s, 3H), 2.98 (dqd, J = 10,
7.4, 4, 1H), 4.77 (br d, J = 15, 2H), 6.59 (m, 1H); 'C NMR 16.0, 18.2, 18.7, 28.7, 30.5, 31.7, 45.2, 47.2,
49.0, 113.4, 1348, 1429, 145.8 202.3, 213.4; MS 234 (M 1), 219 (2), 201 (7), 191 (10), 173 (5), 162

(28), 150 (100).
Vs 1N "!’(‘ ')n\ e BRI, JUURNTS M s I £ LIRS B . 1 RO T S AN Py i TN | —_ Vds 2 Y
(4044 JyJIRJ=I=1DUPY Ulel‘yl‘U IMCLHYI=4=( 4 ~INCLILYI"D ~UXOU~D lyl}'J‘ﬁyLluBele 1= 1=-0ne /)

4 - e Anmme sy arms s o s o v low wvn ew
Lompouno 7b was isolated as an oil. GC R, 9.8 min; IR ({1im) 3072, 2968, 1710, 1668, 1369, 896; H NMR

1.00 (d, J = 7.1, 3H), 1.24 (ddd, J = 14, 9, 2.5, 1H), 1.69 (s, 3H), 1.73 (m, 3H), 1.96 (ddd, J = 14, 9.5, 4.4,
1H), 2.15 (s, 3H), 2.81 (dqd, J = 9.5, 7.1, 2.5, IH), 4.73 (br d, J = 10, 2H), 6.58 (m, 1H); 'C NMR 15.6,
16.0, 18.8, 28.1, 30.8, 31.2, 45.4, 46.9, 49.0, 113.9, 134.8, 143.0, 145.1, 202.0, 212.8; MS 234 (M", 1),
219 (2), 201 (5), 191 (13), 173 (5), 162 (28), 150 (100).

Diketones 10a and 10b were isolated in 68% yield in a ratio of 78:22 respectively

(7 MDD 2 2 Tormmimenenr £ mandthol P Y sanbhherd 2 o Band Y B Tobh e ans 1 e a VS ¥ L VPO
(&iFgl MWy T "o IDUPIUPYI“U-HITIHYI®T&"{ & "HICHILYI®D “UAUSUULYIJ"J"LYLIUVIITATCII-I*UIC Li1va)

—~ - PRl s N e ] S AT trtam trem 3 ame amrm e
Compound i0a was isolated as an oil. GC R,9.04 min; IR (film) 2960, 2925, 1712, 1665, 1459, 1365;

NMR 0.82 (d, J = 6.4, 3H), 0.83 (d, / = 6.4, 3H), 1.04 (d, J = 7.2, 3H), 1.37 (ddd, J = 13.8, 9.4, 5, 1H),
1.65 (m, 1H), 1.68 (m, 1H), 1.87 (ddd, J = 13.8, 9.4, 5, 1H), 2.15 (s, 3H), 2.63 (dqd, J = 9.4, 7.2, 5, 1H),
6.53 (brt, J = 3.4, 1H); C NMR 15.9, 17.7, 19.4, 20.8, 29.0, 32.7, 134.2, 142.7, 202.7, 212.8; MS 236
(M*, 1), 193 (8), 175 (3). 152 (8), 121 (38), 109 (100).
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Diketones 13 and 14 were isolated in 28% yield in a ratio of 84:16 respectively.
(28,3R)-3-Isopropenyl-6-methyl-2-(3'-0xo-butyl)-5-cyclohexen-1-one (13)

Compound 13 was isolated as an oil, partly separated from its 2R-isomer 14. GC R;9.51 min (R, of 2R-isomer
0 AA min)e TR (Ffilym) 2000 1714 1AAR 1428 112A Q7- ILI NMBR 18N (m THY T AN Mm 2N 1 Q0 (m 1THHY
70U UL, 3N VL] OVUJ &, L7 177, 1UUO, L1700, 1JUU, (U717, XL LYIVAIN L1.JVU (i1, LEEJy X.\FU \Ill, JLLfy 2.0V (111, LE1J,
1 0" /- DVIN A £ Fo . AYIN N Sl 1TYTN, 13:’“111‘\4’11 1£ 7 1L "7 100 21 0y 2NN D1 D A1 ™ AO A 114N
1.Y7 (S, an), 4.05 (m, £11), 0.0V {in, 1), U INMIK 10.5, 10.D, 18.0, £1.7, JU.4, 31.3, 41.4, 40.4, 114.U,
= s s i e o e d e o~ m moxev o rm b -~ ~ PR —~— 4~ o~ s en rnm -~
135.3, 143.6, 145.7, 201.7, 209.3; MS 220 (M", 3), 205 (8), 187 (i7), 177 (i2), 162 (43), 149 (87), i2i
(87), 82 (100).

General procedure for the Robinson annelation.
Mixtures of epimeric ketones (25 mmol) were dissolved in a 1 M solution of KOH in methanol (100 mL). The

resulting solution was stirred at room temperature for 1 h and then poured into a 2 M solution of HCI (60 mL).
k up and flash chromatography (PE/EA 92:R).

The water laver was extracted with PE, followed hv the usnal wo
1 he waler layer wag e3 usu

{2 J vy iay v Qi W



Decalones 15 and 16 were isolated in 66 % yield in a ratio of 38:62 respectively.
(3R,4aS,5R)-3,8-Dimethyl-5-isopropenyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone (15)
Compound 15 was isolated as an oil, b.p. 130 °C/0.04 mm (kugelrohr); HRMS found M* 216.1510. Cy5H200
requires M 216.1514; [o] , +28.7 (¢ 1.37); GC R;10.86 min; IR (film) 3060, 1664, 1633, 1580, 894, 'H
NMR 1.13 (d, J = 7.3, 3H),1.68 (s, 3H), 1.73 (m, 1H), 1.83 (m, 3H), 2.50 (m, 2H), 4.79 (s, 2H), 5.86 (d, J
= 1.5, 1H), 6.12 (m, 1H);""C NMR 16.3 (q), 18.3 (q), 19.6 (q), 32.2 (1), 33.2 (d), 34.3 (1), 40.3 (d), 48.9 (d),
o

s} MS 216 ALY 19Y 19Q 71y 174 (AT

\ (e} N AL
}s \Sj, LU A S), ¥ &1U \UVL , 1&j, LOO (1), Li%¥ \v7),

1
(33), 146 (7
(38,4a8,5K)-3,8-Dimethyi-5-isopropenyi-4,4a,5,6-teirahydro-2(3H)-naphihaienone (16)
Compound 16!5 was isolated as a white solid, m.p. 73-74 °C (hexane, -70°C), b.p. 110 °C/0.02 mm
(kugelrohr); HRMS found M" 216.1513. C5H20O requires M 216.1514; [Ot]D -91.5 (¢ 1.06); GCR, 10.81

min; IR (CHCl3) 3060, 1656, 1631, 1585, 898; '"H NMR 1.12 (d, J = 6.6, 3H), 1.23 (td, J = 13.5, 11.6, 1H),
1.70 (br s, 3H), 1.83 (br s, 3H), 1.96 (dt, J = 13.5, 4, 1H), 2.30 (m, 1H), 2.48 (tdd, J = 11.6, 4, 2.2, 1H),
4.82 (m, 2H), 5.92 (d, J = 2.2, 1H), 6.10 (m, 1H); "*C NMR 15.1 (q), 18.2 (q), 19.3 (g), 31.8 (1), 36.3 (1),

2R 5 (dY. A1 6 (dy 487 () 11’15“\ 1721 Q/rﬂ 136.1 {A\ 126 K (g) lA(Q/c) 158 3 (). 202 .8 (5): MS 216

SO U fy THLU (), TOLS (U, 11 J 141.0 (U AU, LIULU D)y 17T70.0 \O) 1LJ0.J (9, LUL.O (D), (VL ()

(M", 17), 188 (5), 174 (45), 159 (35), 146 (82), 131 (100).

Decalones 21 and 22 were isolated in 73% yield in a ratio of 46:54 respectively.
(3R,4a8,58)-3,8-Dimethyl-5-isopropyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone (21)
Compound 21 was isolated as a white solid; m.p. 57-58 °C (hexane); HRMS found M" 218.1672. C;5H220
requires M’ 218.167 I; [a], -226.4 (c 1.05); Spectra and chromatographic data are identical to those of 26.

(3S5,4a8,558)-3,8-Dimethyl-5-isopropyl-4,4a,5,6-tetrahydro- 2(3H)- naphthalenone(22)

s TS 5 TTTT TRy TE T e
Compound 22 was 1solated as a white solid; m.p. 58-59 °C (hexane, -70 °C); HRMS found M* 218.1667.
. cHAs)Y raqiira ]\/{ MR IAT1-Tevl DRE T~ 1 A1) Crsetra and chromatnaoranhie data ara idantical ta 27
“ lDllle u,\iuuua vl LA 1U7 1, lMJD a0V, 7 \L L.7r1ij), \.’P\/\;ll(l alu uluuuuuusxayuu, vaila aiy 1luviiuvdal WV w7

The decalones 26 and 27 were isolated in 52 % yield in a ratio of 35:65 respectively.
(3S,4aR,5R)-3,8-Dimethyl-5-isopropyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone (26)
Compound 26 was isolated as a white solid; m.p. 50-51 °C (hexane, -70 °C); HRMS found M* 218.1668,
C15H220 requires M’ 218.1671. [o], +197.1 (¢ 0.99); GC R 11.18 min; IR (film) 1666, 1634, 1581, 881; 'H

NMR 0.79 (d, /=7, 3H), 0.89 (d, J = 7, 3H), 1.13 (d, J = 7.8, 3H), 1.45 (1dd, J = 11.7, 4.9, 3.9, IH), 1.70

feen TLIY 1 77Q (ann ALTN D M) [oan YT1A A3l T — 14 &0 A A4 111N "')Af\“-,lzl J e 197 A A 274 1IN
{m, 1), 1./0 (N, >1), £2.0u {0, .)u}, .10 (Qdaq, v = 18.0, J.Y, 4.4, 1), L4004, J = 1.2, 4.4, 2.4, 111},
~ = 2 RS AN~ 71 e 1xn, DB~ amam 14 1001 10 A »\n FAIRN
2.01 (m, 1), 5.81 (Cl, J=1.9, 11‘1), 6.12 (Dr (l,.l= 2.9, 1H), NMR i4.3 (Q} 10.1 (q}, 19.3 (q), 20.7 (q),

24.9 (1), 26.1 (d), 32.8 (1), 33.1 (d), 39.8 (d), 43.6 (d), 120.1 (d), 131.5 (s), 137.2 (d), 159.0 (s), 203.9 (s);
MS 216 (M", 17), 190 (2), 176 (7), 147 (3), 133 (100).
(3R,4aR,5R)-3,8-Dimethyl-5-isopropyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone (27)
Compound 27 was isolated as a white solid; m.p. 52-54°C (hexane); HRMS found M* 218.1680. C{5H2,0
requires M+ 218.1671; [a],,+238.7 (¢ 0.59); GC R, 11.07 min; IR (film) 1668, 1634, 1586, 872; 'H NMR 0.82

d,J =68, 3H),092(d, J=6.8, 3H), 1.14 (d, J = 6.4, 3H), 1.32 (td, J = 14.6, 11.5, 1H), 1.44 (tdd, J = 12,
4.7, 3.4, 1H), 1.80 (m, 3H), 2.40 (tdd, J = 12.1, 4, 2.4, 1H), 590 (d, J = 2, 1H), 6.12 (m, m), BC NMR
14.6 (q), 15.2 (q), 19.4 (q), 20.9 (q), 24.8 (1), 26.2 (d), 35.3 (1), 38.9 (d), 41.2 (d), 44.0 (d), 121.4 (d), 131.4
(s), 136.8 (d), 159.4 (s), 202.6 (s); MS 218 (M", 17), 190 (2), 176 (7), 147 (5). 133 (100)



General procedure for the hydroxylation reaction.

The decalones were converted into the silyl enol ethers by adding a solution of the decalone (4 mmol) in THF (10
mL) to a stirred solution of LDA (4.32 mmol) in THF (10 mL) at -78 °C in the presence of a catalytic amount of
phenanthroline. After 20 min TMSCI (0.6 mL, 4.75 mmol) was added and the reaction mixture was allowed to
warm to room temperature for 1 h until the red color of the phenanthroline anion had faded. After work up as

described in the general procedure for the TMS enol ethers of carvone and dihydrocarvone a slurrv of MCPRA
(A A mmaly in havaona 90 mT ) wae addad ta tha ctirrad mivhira ~Af tha armada TAACQC anal athase fA4 mmmnl) and
\TFTF LIBIIVLE) B URCAAIIL (LU SR YWAD aUULU LU UV JULILIVU HHIAULIC UL MG VIUUL IV VLIUL LUl P LU ) alig

(')

hen temperature was raised to -10 °C and ihe mixiure was stirred for 20 min.
When the hydroxy ketone began to crystallize, the mixture was warmed to ambient temperature and stirred for
another 20 min. A solution of NaHCO3 and NajS703 (1:1) was added and the water phase was extracted with
EA, washed with a saturated solution of NaHCOj3 and followed by usual work up. The obtained crystalline
material was dissolved in THF (10 mL) and a 1.1 M solution of TBAF in THF (1 mL) was added. The solution
was stirred for 20 min at room temperature and a saturated solution of NaHCO3 was added followed by EA (50

mL.). The water laver was washed with a 1 M solution of HCI and with a saturated solution of NaHCOQa,

L .} 2 vv : ] LERE § =~ 2t 2 1INAITLAT S

nllaowed hy ncnal wark nn The ahtainad matarial wac marifiad hy ~rvctallizatinn fram havana_athar an

ANTRANT FY WA I.IJ MO Y UL AN ut}- A LIV UULKAILIWA LHIAALWILIAL  YY A yulll«‘\/u VJ Ul)o\-“lllhu‘lu‘l LRI IV AGLIWTWwRIIN Ly 1L
innd il A verne mlebniand aftae Alaosnnbmrrmelins 8 tlaa camblen 1l eealile DIOD/MTA O€.1E o oVlee s

aUU.lLl.U Il YICIU wdd UuaHICU allcl ol 3¢ IELaplly Ol UIC IHUUICT 114Ul Wil TE/EA 00010 4N CIUCHL

Hydroxyketones 17 and 18 were isolated in 74% yield in a ratio of 90:10 respectively.
(3R,4aS,5R)-3,8-Dimethyl-5-isopropenyl-3-hydroxy-4,4a,5,6-tetrahydro-2(3H)-naphthalen-
one (17).

Compound 17 was isolated as a white solid; m.p. 147-148 °C (hexane-ether); HRMS found M* 232.1470.
Cy5H2002 requires M’ 232. 1463; [a]; +68.2 (¢ 1.33); GC R, 11.86 min; IR (KBr): 3363, 3068, 1651, 1621,

1 8 —_
1.00 -—

{d,
J 2Hj, 5.93 { ik
(d), 71.2 (s), 113.7 (1), 119.4 (d), 131.6
4 (5), 204 (15), 189 (33), 174 (58), 159

s 4 L
NMR 18.0 (q), 19.2 (q), 24.7 (q), 31.9 (1), 33.9 (d), 40.5 (1), 48.3
(s), 137.1 (d), 145.8 (s), 159.7 (s), 199.3 (s); MS 232 (M*, 8), 21
(40), 146 (50), 131 (100).
(38,4aS8,5R)-3,8-Dimethyl-5-isopropenyl-3-hydroxy-4,4a,5,6-tetrahydro-2(3H)-
naphthalenone (18).

Compound 18 was isolated as a white solid; m.p. 139-141 °C (hexane-ether); HRMS found M* 232 1463,
+

Ci<HrnOs reanires M 232.1463: [l -18.0 (¢ 0.91): GC R, 12.02 min: IR (KRr) 3403 3068 1651, 1621

CisHp02 requires M 232.1463; [a]  -18.0 (¢ 0.91); GCR, 12.02 min; IR (KBr) 3403, 3068, 1651, 1621,

1578, 893; 'H NMR 1.38 (s, 3H), i.57 (br s, 3H), i.85 (br s, 3H), 3.08 (m, 1H), 4.66 (br d, J = 12, 2H),
5.93 (d, J =2.2, 1H), 6,06 (br d, J = 6, 1H); BC NMR 19.0 (q), 22.4 (q), 24.4 (q), 31.5 (1), 33.8 (d), 40.4
(1), 43.7 (d), 71.7 (s), 113.5 (1), 119.1 (d), 132.1 (s), 135.1 (d), 146.1 (s), 158.7 (s), 199.0 (s); MS 232 (M",

8), 214 (10), 204 (5), 189 (18), 174 (50), 159 (40), 146 (58), 131 (100).

yl-3-hydroxy-4.4a.5.6-tetrahydro-2(3H)-naphthalen-
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(3S,4aR,5R)-3,8-Dimethyl-5-isopropyl-3-hydroxy-4,4a,5,6-tetrahydro-2(3H)-naphthalenone

(28).

Compound 28 was isolated as a white solid in 68% yield; m.p. 146-147 °C (hexane-ether); HRMS found M*

234.1626. C15H2207 requires M 234.1620; [a] , +155.0 (¢ 1.22); GC R,12.06 min; IR (KBr) 3376, 1653,
1625, 1577, 901; '"H NMR 0.81 (d, J = 6.8, 3H), 0.89 (d, J = 6.8, 3H), 1.32 (s, 3H), 1.45 (m, 1H), 1.49 (dd,

J =14, 10.5, 1H), 1.79 (br s, 3H), 2.28 (dd, J = 14, 4.2, 1H), 2.61 (dddd, J = 13, 10.5, 4.2, 2.2, 1H), 5.85

( ]

13
d, J =22, 1H), 6.14 (brd, J = 5.2, 1H); "C NMR 14.5 (g), 19.3 (g), 20.9 (g), 24.8 (g), 25.0 (1), 26.3 (d),
. JEEN o C . . +
34.4 (d), 39.6 (1), 43.6 (d), 71.0 (s), 119.0 (d), 131.5 (s), 137.9 (d), 160.8 (s), 199.1 (s); MS 234 (M, 3),
191 (10), 176 (10), 148 (8), 133 (100).

General procedure for the methylation reaction.

Sodium hydride (2.5 mmol) was added to a solution of the hydroxy ketone (1.25 mmol), methyl iodide (2.5
mL), and DMF (2.5 mL) in THF (25 mL). The resulting mixture was refluxed for 1 h, cooled and poured into a
cold saturated aqueous solution of NH4Cl. The water layer was extracted with PE followed by the usual work up
and flash chromatography with PE/EA 92:8 as eluen
(3R,4aS,5R)-3,8-Dimethyl-5-isopropenyl-3-methoxy-4,4a,5,6-tetrahydro-2(3H)-naphthalen-
one (19).

Compound 19 was isolated as an oil in 80% yield; HRMS found M" 246.1610. C,6H,,0, reqmres M
246.1620; [o] ;) +104.0 (c 1.39); GC R, 11.31min; IR (film) 3068, 1667, 1633, 1586, 1087, 880; 'H NMR

1.24 (s, 3H), 1.45 (dd, J = 14.3, 10.5, 1H), 1.69 (m, 3H), 1.83 (br s, 3H), 2.13 (dd, J = 14.3, 4, 1H), 2.35
(m, 1H), 2.85 (tdd, J = 10.5, 4, 2.2, 1H), 3.13 (s, 3H), 4.81 (m, 2H), 5.86 (d, J = 2.2, 1H), 6.11 (m, 1H);

3C NMR 18.0 (q), 18.1 (q), 19.2 (q), 31.8 (1). 33.8 (d), 41.2 (1), 48.4 (d), 51.3 (g), 75.3 (s), 113.5 (1), 119.6
+

(d), 131.5 (s), 136.6 (d), 145.8 (s), 159.2 (s), 197.4 (s); MS 246 (M", 1), 216 (33), 203 (27), 187 (30), 174

re <o Y TEL 1 AN 1AL IS 121 71NN

LO7), 107 {49}, 149 (30}, 101 {1UU).

(3R,4a8,55)-3,8-Dimethyl-5-isopropyl-3-methoxy-4,4a,5,6-tetrahydro-2(3H)-naphthalenone

20).

Compound 20 was isolated as a white solid in 85% yield; m.p. 66-67 °C (hexane, -70 °C); HRMS found M*
248.1770. C | (H, ,O, requires M 248.1776; [or]; -139.7 (¢ 1.22); Spectroscopic and chromatographic data are

(AQ AaT) EMV.T Q@ Miicadbiel B fcosimama 2 thawe A Aa atnakh — o
(35,4aR,5R)-3,8-Dimethyl-5-isopr opyl- .J-ulcl,uua_y-ﬂ,qu,s,ﬁ-:ctlah_yd’i‘ﬁ-z{?’(‘j’}-unphﬁial none
(29).

Compound 29 was isolated as an oil in 82% yield; HRMS found M = 248.1776. C C,¢H,,0, requires M
248.1776; [0, +126.0 (c 2.16); GC R, 11.58 min; IR (film) 2958, 1667, 1633, 1587, 1084, 879; 'H NMR
(400 MHz) 0.86 (d, J = 7, 3H), 0.94 (d, J = 7, 3H), 1.28 (s, 3H), 1.46 (11, J =12, 4, 1H), 1.52 (dd, J = 14,
10.5, 1H), 1.82 (br s, 3H), 2.18 (m, 1H), 2.38 (dd, J = 14, 4, 1H), 2.71 (dddd, J = 12, 10.5, 4, 2.3, 1H),
3.15 (s, 3H), 5.85 (d, J = 2.3, 1H), 6.15 (br d, J = 5.8, 1H); ’C NMR 14.5 (g), 18.2 (g), 19.3 (q), 20.8 (q),
249 (t\ 26.1 (r]\ 3472 (d\ 4072 (1), 437 {rh 513 (n\ 75.1 {c\ 119.1 (d\ 1314 (Q\ 137.3 (d\ 160.4 (s),

197.5 (s); MS: 248 (M", 1), 218 (10), 205 (5), 189 (7), 176 (12), 133 (100).



General procedure for the homogeneous catalytic hydrogenation .

Methoxy ketone 19 (103 mg, 0.42 mmol) was dissolved in degassed benzene and tris-triphenylphosphine
thodium (I) chloride [freshly prepared from RhCl3.3H70 (20 mg) and triphenyiphosphine (120 mg)] was added.
The vessel was evacuated, filled with hydrogen and the solution was stirred for 24 h at room temperature. Then
the solution was filtered through a dry column of silica gel. The column was washed with ether (100 mL) and the
combined solvent fractions were concentrated to give methoxyketone 20 (96 mg, 92%).

Following the above procedure ketone 21 was prepared in 90% yield starting from ketone 15.

Asbamnidodosmante: Wa thanlk Mer A voan Valdhuniigan far sannsding NAMD cnnntera and Me LT Tanoaion fae maaoe
TAURAFIVIVICWU X CITIC Y. YY U LAIALEN LVYLL . [, VOl ¥V UIVIIULZulL 11Ul l\abUlUllls 1NivaEN ¢ 1a ali\l ivii. 11. J\]llgcjml PAV QST AN ]
spectral data,
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